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Students’ motivational beliefs, such as disciplinary intelligence mindsets, can influence their physics
performance and persistence. Intelligence mindset beliefs have long been argued to fall along of continuum
between fixed and growth mindsets. Those with fixed physics mindsets believe that ability in physics is
innate and unchangable, while those with growth mindset believe that ability in physics can be developed
with effort. More recent research with physical science and engineering majors suggests these are
somewhat separable beliefs, with some students believing aspects of both fixed and growth mindsets, and
that students can hold different beliefs about typical other students versus beliefs about themselves (e.g.,
others could improve through effort but they themselves could not). In this study, 419 students in physics 1
for students pursuing bioscience majors took pre- and post-physics mindset surveys. We investigated
whether the physics mindset views of students pursuing bioscience or health-related majors were separable
into more nuanced dimensions, if the means and distribution of these views varied by gender or sex and
over time, and if any of these views predicted course grade. Replicating prior findings with physical science
and engineering majors, we found that intelligence mindsets can be divided into four separable but
correlated constructs: my ability, my growth, others’ ability, and others’ growth. Further, in this bioscience
or health-related majors group, the “ability” beliefs grew stronger and the “growth” beliefs became weaker
over time. These shifts were particularly strong for women. The changes in beliefs were also stronger for
“my” beliefs than “others” beliefs for both men and women Unfortunately, my ability and my growth
scores were also the strongest predictors of course grades above and beyond academic preparation
differences as assessed by high school GPA and SAT/ACT math scores. These findings have implications
for eliminating classroom inequities, such as through the development of new mindset interventions.
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I. INTRODUCTION AND THEORETICAL
FRAMEWORK

For decades, physics departments have struggled to
recruit and retain women [1–3] and generally many women
in the broader science, technology, engineering, and math-
ematics (STEM) workforce have a negative view of physics
[4]. In response, researchers have dedicated effort to
improving gender equity and diversity (for example, see
[5–11]) of physics departments and classrooms. Some of
their research has focused on gender differences in motiva-
tional beliefs that arise from negative messages in prior
and current classrooms as well as broader society. For

example, researchers have found that gender differences in
physics-specific motivational beliefs (such as physics self-
efficacy, perceived recognition from instructors, and intelli-
gence mindset) may account for some of the differences in
physics performance and persistence between women and
men [12–19]. Other studies also posit that societal stereo-
types and biases about who belongs in and can excel in
physics also may explain some of these gender differences
[20–23], either viamessages frommedia, family, and friends
or as the cause of negative messages voiced by instructors,
teaching assistants (TAs), and classmates [17–19].
Much of the research about motivational beliefs, per-

formance, and equity in introductory physics courses has
focused on courses for students pursuing engineering and
physical science majors, rather than for bioscience and
health-related majors. These courses in the U.S. often differ
in gender or sex makeup: most students in courses for
engineering and physical science students are men, but
most students in courses for bioscience students are
women, similar to the higher participation rate of male
students in calculus-based versus algebra-based AP physics
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courses [24]. Some research suggests being a numerical
minority in a classroom has negative motivational conse-
quences [25]. On the other hand, negative prior experiences
with physics may continue to produce negative attitudes
towards physics even when one is not a numerical minority.
Other prior research has found that even in physics courses
in which women are not underrepresented, men tend to
have higher grades and physics-specific motivational
beliefs in physics courses than women [5–9,12–19]. For
example, women tend to have lower physics self-efficacy
(one’s belief in their capability to succeed at an activity or
subject [26]) than men with the same grades in courses for
engineering and physical science students as well as
courses for bioscience students [15,27]. However, one
motivational belief that has not been studied in the context
of bioscience majors taking introductory physics is physics
intelligence mindset, which may be particularly skewed
towards fixed mindsets among students choosing majors
and career paths that involve relatively little physics.
More broadly, intelligence mindset describes a person’s

views about the nature of intelligence, and was originally
conceptualized on a spectrum [28]. On one end of this
spectrum is a growth mindset, in which intelligence is
believed to be cultivated with effort and can be developed
over time [28]. On the other end is a fixed mindset, in which
intelligence is believed to be innate and unchangeable [28].
The study of domain-specific intelligence mindset has
gained popularity in recent years [12–14]. This is because
the mindset for a discipline can be different from a general
intelligence mindset and because domain-specific mindsets
tend to be more predictive of student performance in that
discipline [12,13,27].
In prior work, we developed a new, physics-specific tool

to measure intelligence mindsets [12,13], which has been
previously used to investigate mindset beliefs of students in
physics courses aimed at engineering and physical science
majors, but has not yet been used for students in physics
courses for bioscience and health-related majors. In this
study, we aim to investigate the nature of physics-specific
mindsets for this latter group, as well as whether physics
intelligence mindsets change from the beginning to the end
of the course, differ by gender, or can predict learning
outcomes.

A. Intelligence mindset theory

Intelligencemindset theory posits that there are two broad
beliefs about intelligence and how it is formed: growth
mindsets and fixed mindsets. A growth mindset is one in
which intelligence is viewed as something that can be
cultivatedwith effort, like amuscle, whereas a fixedmindset
is one in which intelligence is thought to be innate and
unchangeable [28]. Mindset beliefs have implications for
how people engage with challenges faced while learning.
Students with fixed mindsets tend to disengage from or
avoid difficult tasks, and tend to view struggle as a sign that

they are not smart enough to succeed, rather than a normal
part of learning [28–30]. On the other hand, students with
growth mindsets tend towelcome challenges and view them
as an opportunity to learn and improve their abilities [30,31].
Intelligence mindsets are a useful focus for educational

research because of their important role in influencing
student learning behaviors but also because relatively brief
interventions have been found to successfully change
student mindsets for months and even years later.
Focusing on their role in student learning behaviors, growth
mindsets have been linked to positive learning outcomes
even after controlling for prior academic achievement
because they can increase students’ engagement, propen-
sity to attempt challenging problems, and persistence
[28,32–35]. Further, intelligence mindsets often vary by
gender and race or ethnicity, and these relationships have
been argued to be an important pathway by which inequity
of learning outcomes and participation in STEM occur
[29,36]. Strong growth mindset beliefs can lead to a greater
sense of belonging for both women and students from other
underrepresented groups [37].
Turning to interventions focused on student intelligence

mindsets, a number of brief interventions have been tested
in middle school, high school, and university contexts.
Several of these interventions have successfully changed
students’ reported mindsets [5,35,38,39] and improved
students’ learning outcomes [34,35,40]. These interven-
tions have tended to be especially effective for students at
high risk of failing a class [38,41].
Despite some well-publicized successes with some

interventions, a recent meta-analysis by Sisk et al. [42]
revealed that the effectiveness of mindset interventions
varies significantly, with only 12% of included interven-
tions significantly improving academic achievement. One
possible factor that could determine the effectiveness of a
mindset intervention is the demographic groups a student
belongs to. An intervention may be more effective for
women or low-income students than for men or high-
income students [43]. Indeed it is important to examine
which groups experience low growth mindsets or high
ability mindsets to understand which groups are likely to be
helped by a mindset intervention. However, Sisk et al. also
raised concerns about mindset’s ability to predict learning
outcomes in particular contexts. We argue (see below) that
general intelligence mindsets may not be as important as
discipline-specific mindsets for participation and learning
outcomes within disciplines, especially in disciplines like
physics for which there are especially strong stereotypes
about brilliance [44].

B. Dimensions of intelligence mindset

Researchers initially viewed intelligence mindset as a
single continuum in which a growth and fixed mindset sit
on either end [28]. However, interviews show that students
may simultaneously have some growth mindset beliefs and
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fixed mindset beliefs, pointing to a need for more nuanced
dimensional measures of mindset [14,45]. Technically
speaking, the former approach is a “one-factor” model,
while the latter is a “multifactor” model. Though the one-
factor approach is still popular [43,46,47], there is a
growing body of work that uses separable growth and
fixed mindset dimensions [12,13,48–50]. For example, in a
two-factor model, a student might report both some growth
mindset and some fixed mindset beliefs. Such a student
may understand that practice and hard work are necessary
to excel in physics. However, that student may also believe
a base level of ability is also needed and feel disempowered
if they think that they do not personally posses that
“necessary” talent or ability to excel.
Another conceptual divide in mindset research involves

beliefs about self versus others. One study [51] found that
high-school students conceptualized intelligence mindsets
differently for themselves than for others. They also found
that intelligence “self-theory” was a stronger predictor of
academic performance than general intelligence mindsets.
As noted in the next section, similar patterns were recently
found with self versus other physics mindsets.
We aim to investigate if students had separable beliefs

about growth and fixed mindsets, as well as if they held
different mindset beliefs about themselves versus others.
If student mindsets are separable along these divides,
then there is an opportunity to learn which more specific
mindsets are particularly important for learning out-
comes or especially associated with gender differences.
Those findings in turn would better enable targeted
interventions.

C. Physics intelligence mindsets

Students may have different mindset beliefs in different
domains and contexts. For example, they may believe that
intelligence in general can change through hard work or
that they in general have enough intelligence for most
situations, but still have fixed mindsets about particular
domains with especially strong stereotypes of innate
brilliance such as physics. Physics-specific mindset
research is relatively new [12–14,47]. One of these first
studies found that physics-specific mindsets are both
different from (via a factor analysis) and a better predictor
of physics learning outcomes than general intelligence
mindsets [47].
Further, many stereotypes about women and intelligence

are domain specific. For example, women are perceived to
have strengths in the arts and humanities and weaknesses in
math and the sciences [21,52]. Physics in particular is a
field with particularly strong stereotypes and biases about
who belongs in and who can excel in the domain
[20,21,53]. Both the general public [20] and working
physicists [44] believe that success in physics requires
innate talent or brilliance and societal narratives about
talent and brilliance tend to ascribe these traits to boys and

men [22,53,54]. Parents of girls are less likely to believe
their child could succeed in a career that requires
mathematical ability [55,56]. Boys are more likely than
girls to receive positive recognition from their science
instructors, including in physics courses [19,57,58].
Finally, there is evidence that physics intelligence mind-
sets become more fixed after taking a physics course,
especially for women [47].
Recent research supports a four-way division of physics

intelligence mindsets, and finds that one of the four
physics-specific mindsets was especially predictive of
introductory physics course grades in the male-dominated
courses for physical science and engineering majors
[12,13]. In particular, Kalander et al. were the first to find
that physics intelligence mindsets can be divided into four
dimensions along the combinations of me versus others and
growth versus ability and the best fitting model to the
survey data separately measures the four factors: my ability
(students’ beliefs about their own abilities), my growth
(students’ beliefs about their own potential to grow),
others’ ability (students’ beliefs about others’abilities),
and others’ growth (students’ beliefs about others’ potential
to grow) [12].
However, the Kalender et al. study uncovered these four

mindset factors using a survey that was not specifically
designed to measure four dimensions of physics intelli-
gence mindset (i.e., had too few items per dimension)
because this was not the original conception that drove the
design of that survey instrument [12]. Malespina et al. then
built upon this work in the same context by expanding the
number of survey items and designing their structure to
directly map onto the four hypotheses components and was
able to replicate the original findings [13]. Further, both
studies (each conducted in the calculus-based context for
engineering and physical science majors) found that my
ability was the best predictor of physics course grade, had
the largest gender differences, and appeared to largely
mediate the effects of gender on grades.

D. Research questions

Here the same survey items from the Malespina et al.
study are used in a new context: introductory physics for
bioscience majors [13]. The survey aims to pinpoint
specific mindset beliefs (such as if a student holds different
mindset beliefs for themselves versus their peers).
Additionally, the measure is context-specific to physics.
We will also examine whether mindset beliefs predict
learning outcomes differently for men and women, as
suggested by Yeager and Dweck’s [43]. In addition, this
research will investigate whether student grades are pre-
dicted by mindset across the full range of possible mindset
levels or whether there are threshold effects such that
mindset differences only matter at the high or low end.
Here, we use “low,” “medium,” and “high” threshold values
to measure student mindset. Though these thresholds are
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specific to the instrument used in this study, such threshold
effects could help investigate which courses and students
are most in need of intervention. For example, if outcomes
for low and medium mindset values are similar, then it
would be important to prioritize high scores for students
through interventions and other means. We aim to answer
the following research questions for students in introduc-
tory physics courses for bioscience majors at a large
research university:

RQ1. Do physics intelligence mindsets organize into
four factors (my ability, my growth, others’ ability,
and others’ growth) as they did for students enrolled in
physics for engineering and physical science majors?

RQ2.
a. Are there overall gender or sex differences in the

means or distributions (in low, medium, and high
categories) of students’ physics intelligence
mindset beliefs?

b. Are gender or sex differences in the means or
distributions of students’ physics intelligence
mindset beliefs especially localized to particular
dimensions?

c. Do gender or sex differences grow or decline
during students’ first university-level physics
course?

RQ3. Do any of the mindset dimensions predict course
grade and is the predictive relationship linear?

If the findings replicate what was found in the male-
dominated introductory physics courses for physical sci-
ence and engineering majors, then we expect: (i) four
dimensions (my growth, my ability, others’ growth, others’
ability); (ii) men will have higher mindset scores than
women, especially for my ability beliefs, and gender
differences in all of the mindset factors will grow over
time; and (iii) my ability is the best predictor of grade.

II. METHODOLOGY

A. Participants and procedures

We collected survey data at the beginning and end of the
semester. Participants were students enrolled in a physics 1
course for bioscience and health-related majors. At this
institution, introductory physics courses for bioscience
majors are algebra-based, while courses for physical
science and engineering majors are calculus-based. The
physics 1 course primarily covered mechanics, though both
thermodynamics and waves were also included. Faculty
taught the course in a traditional lecture-based format
alongside smaller-sized recitations taught by teaching
assistants in which students work collaboratively on phys-
ics problems. Some active learning approaches were
implemented, such as clicker questions, but the primary
instructional technique was lecture. The student sample
involved three different sections taught by three different
instructors in one semester.

Surveys were handed out and collected by the teaching
assistants in the first and last recitation class of a semester.
Students were given course credit or extra credit for
completing the survey, depending on the instructor’s
preference. We also implemented an attention check (an
item that asked all students to answer “C”). In total,
32 (< 1%) survey responses were excluded from the study
because the student did not pass the attention check. The
completion rate was 83% (N ¼ 547) for the pre test and
78% (N ¼ 500) for the post test. We focused upon the
428 students who took both surveys so we could observe
students’ change in motivational beliefs over time; how-
ever, similar findings were obtained when using the full set
of respondents. An additional 9 students were excluded
from the study due to missing demographic information or
receiving an “incomplete” grade in the course. The final
number of students in the presented analyses was 419.
Based upon institutional data, the longitudinally matched

sample was 66% women (compared to 62% for all enrolled
students), which is typical for introductory physics for
bioscience majors courses at this institution. We note that
response rates were slightly different by gender [pre (post)
response rates were for 85%(79%) for women and 79%
(70%) for men]. Students at this predominantly white
institution (PWI) identified with the following races/eth-
nicities: 68% White, 19% Asian, 3% Hispanic/Latinx, 5%
multiracial, and 5% African American/Black. This course
is taken almost exclusively by students intending to pursue
postgraduate work in the health fields (especially medi-
cine). Most students were in their second (13%) or third
(65%) year of university.
This research was carried out in accordance with the

principles outlined in this institution’s Institutional Review
Board ethical policy, and de-identified demographic data
were provided through university records. For some var-
iables, such as high school GPA, this approach allows us to
rely on records that may be more accurate than students’
memories. However, it limits other measures such as
student sex or gender, which students could only report
as “male” or “female.” We acknowledge the harm that
collecting data this way can cause [59,60]. This institution
recently began to implement more inclusive sex and gender
reporting methods for students, which we plan to use once
student samples are large enough to be meaningful in
quantitative analysis.

B. Measures

1. Physics intelligence mindset

We adapted this mindset survey from previously vali-
dated surveys [12,13,47]. The survey was designed to
measure mindsets across a self versus others dimension, as
across a growth versus ability dimension. Initially, there
were 19 items in the mindset survey, which can be found
in Table VI in Appendix A.
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After the questions were drafted, we conducted 20 1 h
semistructured cognitive interviews to ensure that students
interpreted questions as intended. Participants were stu-
dents who had previously taken physics courses ranging
from introductory to graduate level. One of the 19 survey
items (“I will always be as good at physics as I was in high
school.”) was removed because the cognitive interviews
indicated that students did not interpret it as intended [13].
This survey was designed to have four separable mindset

beliefs based upon the combinations of those two dimen-
sions [12,13]: my ability, my growth, others’ ability, and
others’ growth. The items were distributed across mindsets
as follows: six my ability items, and four items each for the
three other constructs. See Appendix A for the full set of
items. Each item used a common set of four response
options (strongly disagree, disagree, agree, strongly agree).
Responses were correspondingly coded as 1 to 4, with
reverse coding for all my ability and others’ ability
questions such that higher values corresponded to mindsets
hypothesized to support learning.

2. Prior academic preparation

High school grade point average (HS GPA) was reported
using the weighted 0–5 scale, which is based on the
standard 0 (failing)–4 (A) scale with adjustments for
honors, Advanced Placement, and International
Baccalaureate courses (all of these programs may offer a
“weighted” GPA that adds up to one or two grade points as
a reward to taking advanced courses, which can allow a
GPA higher than 4.0). High school GPA is taken as a
measure of general academic skills and generally is a strong
predictor of early undergraduate course performance [61].
Students’ Scholastic Achievement Test math (SAT math)

scores are on a scale of 200–800 and were used as a
predictor of performance on high-stakes assessments
involving mathematical problem solving (e.g., physics
exams) [61–63]. If a student took the American College
Testing (ACT) examination, we converted ACT to SAT
scores [64]. If a student took a test more than once the
school provided the highest section-level score for the SAT
and the highest composite score for the ACT. If a student
took both ACT and SAT tests, we used their SAT score.

3. Course grade

Course grades were based on the 0–4 scale used at our
university, with A ¼ 4, B ¼ 3, C ¼ 2, D ¼ 1, F ¼ 0, or W
(late withdrawal), where the suffixes “þ” and “−,” respec-
tively, add or subtract 0.25 grade points (e.g., B− ¼ 2.75
and Bþ ¼ 3.25), except for the Aþ, which is reported as 4.

C. Analysis

1. Survey validation

Confirmatory factor analysis (CFA) using the R package
“lavaan” was used to provide quantitative validation for

whether the survey items fit the proposed four mindset
constructs. To evaluate whether the model was acceptable,
we chose the following standards: standardized factor
loadings of each item were greater than 0.5 [65]
(p. 301), a Comparative Fit Index (CFI) and Tucker-
Lewis index (TLI) greater than 0.90, a Root Mean
Square Error of Approximation (RMSEA) less than or
equal to 0.08, and a Standardized Root Mean Square
Residual (SRMR) less than or equal to 0.08 [66].
We first investigated whether the conceptual division

into four components in terms of growth or ability and
myself or others was replicated in this course context. In
particular, in addition to testing the fit of the model based
upon the four categories, other models were also evalu-
ated based upon other approaches to intelligence mindset.
A one-factor model in which all items were included in a
single construct was tested and rejected due to poor
model fit. Two-factor models were also evaluated: one
model divided items that asked about the self and others,
and the other divided questions that asked about growth
and ability. Both models were rejected due to poor model
fits. The four-factor model resulted in the best overall
model fits.
After deciding on a four-factor model, the item with the

lowest factor loading was dropped, and the model was
iteratively reevaluated with the remaining items. Items were
dropped as long as fit indices improved or remained
consistent and each factor had at least three items. This
process produced a robust model while eliminating excess
variables. After determining the items to include, we
calculated Cronbach’s α, a measure of internal consistency
between items within a construct. A generally accepted
value for Cronbach’s α is between 0.70 and 0.90 [67].
To create latent variables, we calculated the mean score

of the questions in each validated category using the
reduced set of twelve survey items. As a reminder, all
the mindset dimensions are scored from 1 to 4, and are
coded such that a high score corresponds to agreeing
strongly with growth or malleable physics mindset beliefs
or disagreeing with fixed or ability mindset beliefs. We
used mean scores for constructs because prior Rasch
modeling [67] with this four-point scale for mindset items
had found roughly equal psychological distance between
levels [12] and because the correlation between simple
mean scores and Rasch-adjusted person estimates are very
high (e.g., usually above 0.99).
We also tested different levels of measurement invari-

ance in the final CFA model to make sure the survey items
functioned equally across gender groups given the focus of
the current study. In each step, we fixed different elements
of the model to equality across gender and compared the
results to the previous step using the likelihood ratio test
[65]. We did not find any statistically significant moder-
ation by gender, supporting the use of mean scales scores in
analyses of gender differences.
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After completing the CFAs to determine the mindset
scales, we addressed outliers in all mindset scale values (as
well as in SAT=ACT math, course grade, and high school
GPA) by winsorizing [67]. To winsorize the scores, we
replaced outliers with values two standard deviations above
or below the mean, so that we maintained the direction of
the outlier without introducing extreme values that produce
poor performance in the regression models.
Pearson correlations were calculated between the gen-

erated latent variables within a time point to provide
information on potential problems of collinearity among
predictors in the multiple regressions (e.g., Pearson
r > 0.70). Further, pre-post Pearson correlations for each
attitude were used to examine attitude stability over time:
pre-post correlations below 0.3 would indicate low stabil-
ity, correlations above 0.8 would indicated high stability,
and intermediate values would indicated moderate stability.
We also calculated Pearson correlations between each
mindset dimension and course grades as a baseline pre-
diction model.

2. Descriptive statistics

To analyze gender differences on all measures, we
calculated means and standard deviations by gender and
then we compared men and women’s scores using unpaired
t tests to measure statistical significance of the differences
[67] and Cohen’s d to measure the size of the difference
[68]. Cohen’s d is calculated using

d ¼ μ1 − μ2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðσ21 þ σ22Þ=2
p ; ð1Þ

where μ1 and μ2 are the mean values of each group and σ1
and σ2 are the standard deviations of each group [68].
Group one was women and group two was men. Cohen’s d
is considered small if d ∼ 0.2, medium if d ∼ 0.5, and large
if d ∼ 0.8 [68]. Levene’s test was implemented to ensure
that the homogeneity of variance assumption was met for
the unpaired t tests [67].
Similarly, to compare students’ mindset scores from pre

to post, paired t tests [67] and Cohen’s d effect size
measures were also used. The change-over-time analyses
were also conducted for all instructors separately to check
for consistency of the patterns across instructors. Trends
were generally similar between instructors. One instructor’s
class did not have statistically significant mindset decreases
in all constructs for men, though the decrease was similar in
magnitude to other instructors. This may be due to small
class size, as there were only 22 men in that group of
participants.
Finally, we divided students into groups that reported

low (< 2.5), medium (2.5–3.5), and high (≥ 3.5) on the
1-to-4 scales (after recoding) for each mindset dimension.
The specific thresholds were selected given the distribution
of the data, as it was rare for students to select the lowest

values for each survey item. We divided students into
categories for two reasons. First, for instructors with large
class sizes, strategically dividing students into groups with
low, medium, or high mindset scores may be easier to
manage than placing students into groups based upon a
continuum. Second, analyzing the data this way provides a
test of the linearity assumption in the regression analyses.
Third, if effects were nonlinear, this could shape the scale
of interventions that would be needed (e.g., for moving
students from low all the way to high).

3. Predicting learning outcomes

First, multiple linear regression analysis was used to find
partial correlations between mindset components and
grades, controlling for gender or sex and prior academic
preparation. For the quantitative analyses, gender or sex
was coded as an indicator variable: women ¼ 1, men ¼ 0.
Regression analysis was chosen over hierarchical linear

modeling because the interclass correlation coefficients of
the motivational measure data in these larger lecture
courses are adequately small (always < 0.10 and regularly
< 0.04). Multiple models were evaluated in order to find
which was the best predictor of learning outcomes and
show robustness of relationships across model specifica-
tion. All models used standardized regression coefficients
as a measure of effect size. The models were implemented
using the regress command in Stata [69]. To test the
normality of errors, we compared a kernel density estimate
of each model’s residuals with a normal distribution. Each
model had a normal distribution of residuals. We also
ensured that predictor effects were not miss-estimated due
to multicollinearity by implementing a variance inflation
factor cutoff of 2.0 for each model.
The regression models were built incrementally to assess

the robustness of the findings across different models. A
baseline model predicted course grade using only gender or
sex, high school GPA, and SAT math scores. Next, we
added the mindset variables one by one in order of
correlation strength with course grade until all mindset
variables were included. All models with significant
mindset variables were kept, along with the final model
with all variables included as a robustness test. The
regression analyses used an average across prescores and
postscores. Average scores were used instead of presurvey
or postsurvey scores for two reasons. First, using post-
survey scores raises a question of causality (did course
performance affect mindset or did mindset affect course
performance?). Second, the average score is a proxy for
students’ mindset during the semester, while they were
taking the course, rather than after the class. Using average
rather than only presurvey data is particularly important
given the sizable changes from pre to post alongside only
moderate pre-post stability that were observed in several of
the attitudinal variables. The results of linear regressions
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using either presurvey or postsurvey scores can be found in
the Supplemental Material [70].
After using a linear model, we also implemented regres-

sion analysis using a threshold method based upon the low,
medium, and high categories described in the preceding
section. Instead of using continuous variables for each
mindset score, these models used dummy variables for
the two higher thresholds, treating low as the contrast group.
For each mindset component, we performed a regression
controlling for SAT math, high school GPA, and gender.
Finally, if a mindset belief dummy variable predicted grade,
we performed each regression again, but included an
interaction between gender and that mindset belief dummy
variable. Such an interaction test could reveal whether a
dimension predicts course grade for one gender but not
another or to a much larger extent for one gender.

III. RESULTS

A. RQ1. Do physics intelligence mindsets organize into
four factors (my ability, my growth, others’ ability, and
others’ growth) as they did for students taking physics

for engineering and physical science majors?

Initially, there were 19 items in the mindset survey,
which can be found in Appendix A. A one-factor (in which
all items were contained in the same construct) and both
two-factor models (in which one model construct used
“growth” and “ability” items, and another model used “me”
and “others” factors) were rejected due to poor overall
model fit. After deciding on a four-factor model, six

additional survey items were removed (that is, they were
completely excluded from the analysis) during the CFA
model testing process due to low factor loadings or cross
loading that led to a poor model fit. The factor loadings for
the 12 remaining items in the final model can be seen in
Table I. This model meets all chosen fit index cutoffs.
Standardized factor loadings of each item were all greater
than 0.5 [65] (p. 301), as seen in Table I. All other fit
indices (CFI, TLI, SRMR, and RMSEA) along with their
cutoff values [66], can be seen in Table II. Thus, answering
RQ1, the final model had the four predicted mindset
constructs: My growth, my ability, others’ growth, and
others’ ability. Further, each construct was based upon
three items, similar to prior work on mindsets [12,13,71]. In
Table I, Cronbach’s α values were between 0.71 and 0.89
for all constructs for both the presurveys and postsurveys.
There are some changes in α for each construct from pre to
post. However, small changes in α are generally not treated
as a topic of concern if both fall within the acceptable
values range of 0.70 to 0.90 [67].

TABLE I. Survey items included in the study and standardized factor loadings for pre and postsurveys.

λ

Construct name or item Pre Post

My growth (αpre ¼ 0.83, αpost ¼ 0.89)
1. I can become even better at solving physics problems through hard work 0.77 0.85
2. I am capable of really understanding physics if I work hard 0.85 0.91
3. I can change my intelligence in physics quite a lot by working hard 0.80 0.84

My ability (αpre ¼ 0.77, αpost ¼ 0.88)
4. I won’t get better at physics if I try harder 0.61 0.72
5. I could never excel in physics because I do not have what it takes to be a physics person 0.80 0.88
6. I could never become really good at physics even if I were to work hard because I don’t have

natural ability
0.84 0.90

Others’ growth (αpre ¼ 0.85, αpost ¼ 0.81)
7. People can change their intelligence in physics quite a lot by working hard 0.84 0.77
8. If people were to spend a lot of time working on difficult physics problems, they could

develop their intelligence in physics quite a bit
0.83 0.80

9. People can become good at solving physics problems through hard work 0.74 0.80

Others’ ability (αpre ¼ 0.71, αpost ¼ 0.75)
10. Only a few specially qualified people are capable of really understanding physics 0.68 0.70
11. To really excel in physics, people need to have a natural ability in physics 0.73 0.80
12. If a student were to often make mistakes on physics assignments and exams, I would think

that maybe they are just not smart enough to excel in physics
0.62 0.65

TABLE II. Fit indices for the CFAs testing survey validity at pre
and post, along with the applied fit index cutoffs. There were 419
students included in the factor analysis.

CFI TLI RMSEA SRMR

Cutoff ≥0.90 ≥ 0.90 ≤ 0.08 ≤ 0.08
Pre 0.97 0.95 0.06 0.05
Post 0.97 0.95 0.07 0.04
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Finally, the upper left and lower right of Table III reveal
that intercorrelations among the scales at pre and at post are
all moderate and positive (after reverse coding of ability
mindsets), but none are so high (r > 0.7) as to represent
redundant measures. Correlations within each construct from
pre to post (upper right of Table III) showed low to moderate
stability of the mindsets during this course experience, with
especially low stability of the my growth mindset.

B. RQ2. Gender differences

1. Are there overall gender or sex differences in the means
or distributions (in low, medium, and high categories) of

students’ physics intelligence mindset beliefs?

The winsorized means of both men’s and women’s
mindset dimensions can be found in Table IV. As a

reminder, all the mindset constructs are scored from 1 to
4, and are coded such that high scores correspond to a
strong agreement with growth mindset beliefs or rejection
of a fixed mindset beliefs. Table IValso shows the unpaired
t tests and Cohen’s d effect sizes comparing men and
women’s mindsets at the beginning of the semester.
Answering the means component of RQ2a, as expected

based upon prior work, men generally had higher mindset
scores than women, as shown in Table IV. The smallest
gender differences were nonsignificant, while the largest
differences had moderate effect sizes. Men had higher
mindset scores than women in every mindset category both
pre and post.
Next, we divided students into groups that reported

low (< 2.5), medium (2.5–3.5), and high (≥ 3.5) on a
1-to-4 scale for each mindset dimension. These student

TABLE III. Pearson correlations between each mindset construct as well as physics 1 course grade. The following abbreviations are
used: my ability (MA), my growth (MG), others’ ability (OA), and others’ growth (OG). p < 0.001 unless otherwise noted by
� ¼ p < 0.05, �� ¼ p < 0.01, and ns ¼ not statistically significant.

Pre Post

MG MA OG OA MG MA OG OA Grade

MG pre 0.28 0.08ns

MA pre 0.53 0.47 0.10�
OG pre 0.58 0.47 0.36 −0.03ns
OA pre 0.42 0.51 0.43 0.44 0.06ns

MG post 0.25
MA post 0.67 0.34
OG post 0.59 0.48 0.16
OA post 0.53 0.67 0.46 0.17

TABLE IV. Mean and standard deviation (SD) by gender or sex of each mindset factor at pre and post, along with SATMath, HS GPA,
and Physics 1 grade, Cohen’s d and t test of gender or sex differences. Positive values of d indicate that women had a higher score or that
scores increase over time. � ¼ p < 0.05, �� ¼ p < 0.01, and ��� ¼ p < 0.001.

Women (n ¼ 276) Men (n ¼ 143)

Variable Mean SD Mean SD d between genders

My growth Pre 3.45 0.47 3.54 0.45 −0.19
Post 2.95 0.60 3.20 0.57 −0.42���

d over time −0.92��� −0.69���

My ability Pre 3.28 0.48 3.52 0.48 −0.51���
Post 2.82 0.64 3.20 0.57 −0.61���

d over time −0.81��� −0.63���

Others’ growth Pre 3.37 0.47 3.40 0.48 −0.08
Post 3.09 0.44 3.20 0.51 −0.24�

d over time −0.62��� −0.41���

Others’ ability Pre 3.03 0.56 3.24 0.47 −0.40���
Post 2.73 0.60 3.00 0.61 −0.44���

d over time −0.52��� −0.47���

HS GPA 4.19 0.38 4.07 0.42 0.30��
SAT=ACT math 669 65 688 65 −0.29��
Course grade 2.91 0.76 3.22 0.71 −0.41���
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distributions can be seen in Fig. 1(a) for the presurvey and
Fig. 1(a) for the postsurvey. As an important context note,
more students in this course had growth rather than fixed
mindsets: average scores for both genders are closer to 4
than to 1 for the presurvey. Distributions of mindset scores
by gender showed similar trends to the means. For all
constructs, men were more likely than women to fall into
the high category, which can be seen in Fig. 1. Similarly, for
all constructs women were more likely than men to fall into
the low category. There was only one exception to this
trend, but this category did not have any student in the low
category. Figure 1 also reveals that at the end of the
semester men continue to be more likely to fall into the high
category and are less likely to fall into the low category.

2. Are gender or sex differences in the means or
distributions of students’ physics intelligence mindset
beliefs especially localized to particular dimensions?

Though men generally had higher mindset scores than
women, the size of the gender differences varied by mindset
construct, which we will now discuss individually. My
growth beliefs had no statistically significant mean gender
difference between men and women at the start of the
semester (see Table IV). For this construct, approximately
half of women report high scores for prebeliefs (compared
to 58% of men). By contrast, pre my ability beliefs had the
largest mean gender difference of any of the four precon-
structs. These gender differences are also apparent in the
score distributions that are found in Fig. 1(a). At pre, over
half of men report a high my ability score, while only one-
third of women do.
The dimension that had the smallest pre gender or sex

mean difference was others’ growth. In this category, men
and women had indistinguishable scores, shown in
Table IV. Others’ growth also had the smallest gender
differences in prescore distributions. Figure 1(a) shows that

less than 5% of both men and women reported low
prescores, and a similar portion of men and women
reported high scores (42% versus 43%).
Others’ ability had the lowest prescores of any construct.

Additionally, others’ ability had statistically significant
gender differences in prescores. The others’ ability gender
differences are moderate at the start of the semester. As
others’ ability had the lowest scores of any construct, it also
had the largest portion of students reporting low beliefs. In
particular, 17% of women reported low pre others’ ability
beliefs, compared to < 5% of men. Men were also more
likely than women to report high pre others’ ability scores.
Broadly, we found that men tended to report higher mean

prescores in all four mindset constructs than women. The
categorical distributions had a similar trend: women were
more likely to report low scores and men were more likely
to report high scores for all four pre mindset factors.
However, to answer RQ2b, the gender differences were
smallest in the my growth and others’ growth factors, and
largest in the my ability and others’ ability factors.

3. Do gender or sex differences grow or decline during
students’ first university-level physics course?

All students had statistically significant drops in mindset
beliefs over time. The decreases in mean scores for each
factor can be seen in Table IV and the changes in student
score distributions can be found in Fig. 1. Men had similar
but usually smaller decreases than women, with quantita-
tive variations by construct.
The my growth construct did not have statistically

significant mean gender differences at the start of the
semester. However, by the end of the semester, there is a
moderate and significant mean gender difference in this
construct. This growth in gender difference is the largest of
any construct, and appears to be due to a dramatic drop
(d ¼ −0.92) in women’s my growth beliefs. This decrease

FIG. 1. Percentages of students who reported low (< 2.5), medium (2.5–3.5), or high (≥ 3.5) on a 4-point Likert scale, by gender.
(a) Presurvey distributions; (b) postsurvey distributions. If any category contains ≤ 5% of students, the percent is not labeled.
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is also shown in Figs. 1(a) and 1(b), which shows the
distributions of students low, medium, and high mindset
beliefs at post. At the end of the semester, only 19% of
women have high my growth beliefs, compared to 27% of
men. Both men and women have lower my growth beliefs
at the end of the semester, but the shift was more drastic
for women.
Turning to the mindset with the largest gender difference,

Table IV reveals that my ability gender differences grew
from d ¼ −0.51 at pre to d ¼ −0.61 at post. These gender
differences are also apparent in the score distributions that
are found in Fig. 1. Both men and women show decreases
in the number of students reporting high scores from pre to
post, but at the end of the semester men were over twice as
likely as women to report high my ability scores. Women
were also more than twice as likely as men to report low
post my ability scores.
By contrast, focusing on the dimension that had the

smallest gender or sex differences, others’ growth, men and
women were indistinguishable at pre, and then there was a
small gender difference at post. For pre others’ growth,
Fig. 1 shows that less than 5% of both men and women
reported low scores, and a similar portion of men and
women reported high scores (42% versus 43%). Post
others’ growth distributions show minimal gender
differences for low scores, but 7% more men than women
report high my growth scores at the end of the semester.
The construct with the lowest scores, others’ ability, also

showed the lowest (but still substantial) declines, and these
declines were similar for men and women. Thus, the gender
difference was similar at pre and post, but in the context of
overall relatively low scores. At the end of semester, one-
third of women and one-fifth of men had low scores in this
construct. Women were also less likely than men to report
high post scores.
In sum, to answer RQ3c, mindset scores generally

declined over time, but they tended to decrease more for
women than men, leading to larger gender differences at the
end of the semester than at the start. The largest increases in
gender differences from the start to the end of the semester
were for my growth and others’ growth beliefs. The
smallest increases in gender differences from the start to
the end of the semester were for my ability and others’
ability beliefs. However, my ability had the largest
differences both pre and post.

C. RQ3. Do any of the mindset dimensions predict
course grade and is the predictive relationship linear?

First, we conducted multiple regression analysis to find
which of the four mindset beliefs best predicted physics
course grade. We conducted this analysis two ways. First,
we used linear regression using students’ mean scores for
each construct (see Table V). Each model was conducted
using the average of pre and postsurvey mindset scores due
to the large changes in mindsets across the semester.

Similar models using pre and postsurvey results can be
found in the Supplemental Material [70].
These models needed to include controls because there

were also gender or sex differences in prior academic
performance, although in opposing directions: for our
sample women tended to have higher high school GPAs
than men, but lower SAT math scores, as seen in Table IV.
However, men in the sample tended to have higher physics
1 course grades than women. Here we investigate whether
mindset differences could account for this gender differ-
ence in grade outcome.
Model 1, which can be seen in Table V uses only gender,

SAT/ACT math scores, and HS GPA to predict students’
physics 1 course grades. All three predictors are statistically
significant. This model establishes that women had lower
physics 1 course grades than men, even when controlling
for High School GPA and standardized test scores, formally
establishing that other factors are needed to account for
gender or sex differences in course performance.
Model 2 includes my ability as a fourth predictor. My

ability was chosen the first predictor to add because it has
the strongest correlation with course grade for both the pre
and post mindset components (see Table III). Model 2 in
Table V reveals that adding average my ability to the model
weakens the relationship between gender or sex and physics
1 grade, though it remains a statistically significant predictor.
Model 2 also has an increase in adjusted R-squared
compared to model 1. This means that model 2 explains
more of the variance in course grades than model 1 even with
a penalty for having an additional predictor [67].
Model 3 includes all four mindset components. This

model reveals that both my growth and my ability are
positively correlated with physics 1 course grades. Adding
these other constructs marginally decreases the regression
(β) coefficients of gender, SAT/ACT Math, and my ability.
Additional model testing revealed that my growth average
is a not statistically significant predictor of course grade
unless either or both others’ ability or others’ growth are

TABLE V. Linear regression models predicting final
course grade using average mindset beliefs. The regression (β)
coefficiants are standardized, and the gender or sex variable was
coded such that women ¼ 1 and men ¼ 0. � ¼ p < 0.05,
�� ¼ p < 0.01, and ��� ¼ p < 0.001. N ¼ 418.

Variable Model 1 Model 2 Model 3

Gender −0.18��� −0.12�� −0.11��
HS GPA 0.34��� 0.32��� 0.32���
SAT/ACT math 0.39��� 0.39��� 0.38���
My ability average 0.21��� 0.19��
My growth average 0.14��
Others’ ability average −0.04
Others’ growth average −0.09
Adjusted R2 0.37 0.41 0.41
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added to the model. Most importantly, Model 3 shows
that the “my” dimensions of mindset (especially my ability)
are stronger predictors of physics 1 grades than “others”
dimensions.
Next, we conducted the regression analyses predicting

grades using two dummy variables for each mindset
construct: one for students categorized as reporting having
medium mindsets and one for students categorized as
having high mindsets; the regressions then treat the low
group as the reference category [ [67], p. 551]. As a
reminder, on the 4-point Likert scale, low was < 2.5,
medium was 2.5–3.5, and high was ≥ 3.5.
We focus on the models of this type that added

dummy codes for each mindset factor individually, rather
than using all four factors simultaneously. Models that
used all mindset constructs simultaneously can be found in
the supplementary materials. For each construct, we first
introduce a model that predicts physics 1 course grade
using each of the four mindset constructs (my ability, my
growth, others’ ability, and others’ growth), gender or sex,
SAT/ACT math scores, and high school GPA. These
models can all be seen in Table VII in Appendix B.
When both gender and mindset predictors were statistically
significant, we proceeded to include interaction terms to
test whether men and women’s mindset scores predicted
course grade to a different extent.
Looking across the factors, the dummy code approach

replicated the high-level findings of the linear modeling
approach in that strong agreement with my growth beliefs
was the best predictor of course grade. On the other hand,
both medium and high agreement with my ability beliefs
predicted course grade (Fig. 2). Others’ ability also was a
statistically significant predictor, in contrast to being not
significant as a linear predictor. On a related point, the
support for linearity of effects was weak. Saliently, medium
and high effects for others’ ability were almost identical,
potentially explaining why the linear model was not

significant. However, even in the cases of my ability and
my growth, the effect of high levels of agreement was not
statistically different from medium levels. Others’ growth
was not included in Fig. 2 because neither medium nor high
levels predicted course grade. Additionally, no statistically
significant gender interaction term was found for any of the
average mindset components. In other words, the relation-
ship between mindset and course grade was similar for men
and women, validating the use of simpler models that did
not include interaction terms.

IV. DISCUSSION

Regarding RQ1, we found four components to students’
mindsets (my ability, my growth, others’ ability, and others’
growth) using a survey instrument designed to specifically
test for these components. This result replicated the
findings of past work using previous iterations of the
survey [12,13]. These findings build on past work that
separated mindset into multiple constructs, either between
my versus others’ mindset dimensions [51] or between
growth and ability dimensions [48–50].
The four components were only moderately correlated

with one another (18%–34% shared variance at pre) and
were separable in CFA models. Further, though each
component showed similar patterns of gender difference,
and change over time, the magnitudes of these effects were
different and each component predicted course grades with
different strengths. Thus, our components were not only
separated by psychometric analyses, but by empirical
patterns as well. Therefore, future research should avoid
collapse measurement of mindsets into overall intelligence
mindset scores.
Regarding RQ2, there were gender differences in the pre

survey means of my ability and others’ ability, and men
tended to report higher scores than women. There were
gender or sex differences in the distributions of all mindset
beliefs. More men fell into the high score range for each
mindset component, and more women fell into the low
score ranges. These differences were more pronounced for
my ability and others’ ability pre. Women in this context
were more likely than men to believe that physics requires
innate ability. They were also more likely than men to
believe that they did not personally have this innate ability.
This is particularly concerning for this student sample,
which consists of relatively high-achieving students who
had decided to pursue bio- and health-science majors.
Even though women were the numerical majority in this

context, the gender or sex differences in the means of each
mindset component increased substantially from pre to post
for my growth and others’ growth. As a result, men
reported much higher mean scores than women for all
four mindset constructs at the end of the semester. By the
end of the semester, women were more likely to report low
mindset scores than men in three out of four constructs
(men and women reported low others’ growth scores at

FIG. 2. Unstandardized regression coefficients predicting
course grade, controlling for gender, high school GPA, and
SAT or ACT math scores. Error bars represent standard error. On
a 4-point Likert scale, a medium score is 2.5–3.5, and a high score
is ≥ 3.5. Statistically significant regression coefficients are in
bold. Others’ growth is excluded because it did not predict
course grade.
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similar rates). Men were more likely than women to
report high mindset scores for all four mindset constructs.
These inequities are not present because men had steady
or increasing mindset beliefs. Instead, both men and
women had moderate-to-large drops in all four mindset
components during the semester. Women tended to have
larger drops than men, creating or widening gender
differences. It is important to note that, while there are
gender inequities in student mindsets, the decreases over
time are concerning themselves. Research in physics mind-
sets has found decreases in mindset beliefs for both men
and women [12,13]. Motivational factors, such as self-
efficacy or interest, commonly tend to decrease over time in
introductory physics courses, both for physical science and
engineering majors [72,73], as well as for bioscience
majors [74].
A large body of research shows that women tend to have

lower motivational characteristics in physics courses than
men [47,75,76], including mindsets [12,13]. Most of this
research has been conducted in physics courses in which
men outnumber women, such as courses for engineering
and physical science majors. This study shows that gender
differences also exist in courses in which women out-
number men, such as physics courses aimed at bioscience
majors.
One similarity between mindset trends in these two types

of courses is that students enter the course with gender
differences in mindset. One important difference is that,
while women in both categories of courses show moderate-
to-large decreases in mindset scores, men showmuch larger
decreases in mindset scores in courses aimed at bioscience,
rather than engineering or physical science students
[12,13]. In this context, efforts to increase mindset scores
may benefit all students while simultaneously decreasing
gender differences in physics intelligence mindset.
Our data do not allow us to know why women show

larger declines in mindset scores over time, but we
hypothesize that classroom culture and instructors’ efforts
to encourage equity and inclusion in the classroom may
affect gendered student outcomes. Ideally, instructors will
adopt and adapt equitable and inclusive classroom policies
and pedagogies in their classroom. In physics, this may
include countering common societal stereotypes and beliefs
that physics requires innate “brilliance” [44]. These beliefs,
coupled with a lack of female physicists as role models
throughout their life may lead women to feel that they are
not personally capable of excelling in physics. One
example of how to counter these beliefs is explicitly stating
to students that failure is a normal and necessary part of
learning, and that physics can only be learned through
effort and practice.
Successful student-level mindset interventions tend to

provide opportunities for self-reflection and show students
that they can change their own intelligence. For example,
students may be asked to remember instances during which

they were able to improve their abilities [5,77].
Interventions may also share stories from a diverse group
of peers or experts about overcoming academic challenges,
so that all students may find someone they can relate to. If a
relatable role model shares that they were able to work hard
to achieve success instead of relying on innate talent,
students may realize they can do the same and develop
growth mindsets for themselves [5,26]. It is important to
note that successful interventions generally require training
and mentoring for the person who implements them, as
poorly implemented interventions may be ineffective or
harmful.
Instructor-focused change can be useful as well.

Instructor mindsets can predict student achievement in
their courses [78]. In addition, students in courses taught
by instructors with growth mindsets report increased
interest in their courses as well as fewer concerns about
fair treatment and low grades [79]. Instructors with growth
mindsets encourage students to accept mistakes and fai-
lures as a part of a normal learning process, congratulate
persistence, praise effort rather than intelligence when
students succeed [80–84], and are more likely to implement
active learning in their courses [85]. On the other hand,
instructors with fixed mindsets tend to have low expect-
ations of students they believe lack natural talent, which
can lead instructors to give easier assignments or encourage
students to drop difficult classes because of presumed low
ability [81].

V. CONCLUSIONS

This study shows that intelligence mindset can be
divided into four constructs: my ability, my growth, others’
ability, and others’ growth. Previous work in studying
mindset has divided along either growth or ability or me or
others categories, but rarely simultaneously. Next, this
work reveals that gender or sex differences are more
pronounced in the ability categories than the growth
categories. Gender or sex differences developed or widened
over the semester for all mindset constructs. These
differences are the result of substantial drops in all four
mindset factor scores from all students, which tended to be
even larger for women than for men.
Next, students’ mindset scores decrease over the semes-

ter for all four constructs. They also show women’s mindset
scores decrease more than men’s. We also find that my
ability and my growth consistently predict the course grade.
my ability positively predicts grades if students report a
medium or high score, but my growth only predicts grades
if students report a high score. This information may be
useful to target mindset interventions to student beliefs. A
student who believes nobody can become more intelligent
through hard work may have different needs than one who
believes that most people can become more intelligent but
that they personally lack the ability to do so.
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VI. LIMITATIONS AND FUTURE DIRECTIONS

We now note several limitations of this study. First, the
analyses were correlational in nature: the causal nature of
physics intelligence mindsets would need to be further
supported through intervention studies and interview data.
The established benefits of other mindset interventions
[80]) suggest such a causal link is plausible, and we note
that future interventions that focus on my ability and my
growth may show even larger effects.
Another limitation is the generalizability of the findings.

The studied institution is predominantly white, so we were
unable to study if mindset beliefs differ or predict grades
differently for students of different racial or ethnic back-
grounds due to low sample size. Because of the focus on
gender or sex in this study, future work should also
explicitly include students who fall outside of the binary

gender or sex categories included here, as well as trans-
gender students who may not have their gender accurately
recorded by the university. Though this university recently
began to include more sex or gender options for students,
qualitative studies may be more appropriate to understand
mindsets in these marginalized populations until student
samples are large enough to be meaningful in quantitative
analysis.
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APPENDIX A: ORIGINAL SURVEY ITEMS

TABLE VI. Original survey items. Italicized items were removed from analysis during validation. Item 10 was removed during
interviews because students did not interpret the question as intended. All other items were removed to during statistical survey
validation.

Item No. Item

My growth
1. I can become even better at solving physics problems through hard work
2. I am capable of really understanding physics if I work hard
3. I can change my intelligence in physics quite a lot by working hard
4. Struggling with difficult physics problems would help me develop mastery in physics

My ability
5. I won’t get better at physics if I try harder
6. I could never excel in physics because I do not have what it takes to be a physics person
7. I could never become really good at physics even if I were to work hard because I don’t have natural ability
8. If I were to often make mistakes on physics assignments and exams, I would think that maybe I’m just not smart enough to

excel in physics.
9. I won’t get better at physics if I try harder
10. I will always be as good at physics as I was in high school
11. I will always get the same physics grade whether I try or not

Others’ growth
12. People can change their intelligence in physics quite a lot by working hard
13. If people were to spend a lot of time working on difficult physics problems, they could develop their intelligence in physics

quite a bit
14. People can become good at solving physics problems through hard work
15. If people were to persist in struggling with difficult physics problems, they would develop mastery in physics

Others’ ability
16. Only a few specially qualified people are capable of really understanding physics
17. To really excel in physics, people need to have a natural ability in physics
18. If a student were to often make mistakes on physics assignments and exams, I would think that maybe they are just not smart

enough to excel in physics
19. If people really have to struggle to solve physics problems, that means they are just not physics people.
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