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Prevalence of a growth mindset among introductory astronomy students
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While many previous studies have indicated that encouraging a growth mindset can improve student
learning outcomes, this conclusion’s applicability to college-level astronomy classrooms remains poorly
understood owing to the variation in students’ overall and domain-specific learning attitudes. To address
this, we surveyed undergraduate students in an introductory astronomy class about their attitudes towards
learning astronomy over the course of five semesters. Overall, students felt an affinity for astronomy, felt
moderately competent, perceived astronomy to be intermediate in terms of difficulty, and agreed strongly
with standard statements reflecting a “growth mindset,” i.e., the belief that intelligence is malleable rather
than fixed from birth. Their responses were stable over the course of the semester and did not appear to
depend strongly on student demographics. The unexpected start of the COVID-19 pandemic and the
associated shift to all-virtual learning correlated with a drop in their affinity for astronomy, a small decrease
in their perceived competence, and an increase in the perceived difficulty of the topic. Their overall learning
mindset showed negligible change during this time, emphasizing the stability of their belief in a growth
mindset as compared to other measured learning attitudes. However, more nuanced questions about their
behaviors and interpretations in the classroom, about how they felt “in the moment,” and about what factors
were most important for their success in the class revealed significantly lower alignment with a growth
mindset. This suggests that while introductory astronomy students may believe that they have a growth
mindset, this mindset is not necessarily reflected in their self-reported classroom behaviors or measured

responses to actual learning challenges.

DOI: 10.1103/PhysRevPhysEducRes.20.010140

I. INTRODUCTION

Many studies have demonstrated that the belief that
one’s intelligence can be changed with time and effort,
dubbed a “growth mindset,” leads to improved perfor-
mance due to the suite of prolearning behaviors it
encourages, e.g., demonstrating higher academic engage-
ment, taking on additional challenges, making plans to
improve after a setback, setting learning-oriented goals,
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and adopting mastery-oriented strategies, e.g., [1-8] (but
see also Bahnik and Vranka [9]). Conversely, a belief that
one’s intelligence is fixed and unchangeable can lead to
behaviors that hinder or prevent additional learning, e.g.,
avoiding additional challenges, losing interest in the topic
after a setback, or limiting interactions and collaboration
with peers [1,2,4-6,8,10]. The potential benefits of a
growth mindset and attendant mastery-oriented goals have
been shown to be stronger in situations where students are
more challenged [6,11].

In light of these findings, numerous interventions have
been designed to help foster a growth mindset in students
from school-age to university-level [5,7,12—15]. However,
evidence of their effectiveness has been mixed; some
studies show that encouraging a growth mindset improves
academic achievement [16—19] while others show much
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weaker or temporary benefits, in some cases only for
certain groups of students [20-23]. This heterogeneity
was confirmed by a recent meta-analysis, and it was
ascribed to the differing impact of growth mindset inter-
ventions depending on what population was being targeted,
on how well the intervention was carried out, and on other
contextual factors [24].

In addition, studies have found conflicting evidence
about whether student mindsets change over time.
Among school-age children, some work has pointed to
an increase in fixed mindset as children age, while other
work has found the opposite [25-27]. At the university
level, Gunderson et al. [27] found that the mindsets of high
school and first- and second-year undergraduate students
were similar, and Robins and Pals [28] found no change in
mindset for students followed from high school until their
fourth year at the university. On the other hand, a number of
studies have found a drop in the growth mindset scores of
students during introductory university-level courses in
biology [29], computer science [30,31], and mathematics
[32]. Malespina et al. [33,34] found that, after taking an
undergraduate introductory physics course, students
showed a decrease in their endorsement of a growth
mindset, with the drop being more pronounced for female
versus male students. Similarly, Limeri ef al. [35] found
that students in a university organic chemistry course
tended to shift towards a stronger fixed mindset and weaker
growth mindset over the course of the semester, with a
particularly strong trend for students who struggled in the
course. The drop in growth mindset and increase in fixed
mindset scores can be particularly pronounced when
measured in a domain-specific fashion rather than simply
relating to general intelligence [30,32]. Given this context,
continued research is needed into how student mindsets
depend on time and domain.

In this work, we present a study of the mindsets and
attitudes of students in an introductory general education
astronomy course at a public university in the
southwestern United States. We used standard mindset
survey questions as well as a small subset of questions
aimed at the behaviors and interpretations students
demonstrated in the classroom and their “in the moment”
mindset. Along with investigating mindset measures, we
also explored other attitudes that students held about
learning astronomy—their affinity for the subject, their
perceived competence, and the perceived degree of
difficulty. The arrival of the global COVID-19 pandemic
and the associated shift to all-virtual learning during the
course of the study provided an unexpected test of the
stability of the attitudes and mindsets of astronomy
undergraduate students over the course of five semesters.

In Sec. II, we describe the survey instruments used in our
study, and in Sec. III, we review the resulting datasets. We
present our results in Sec. IV, and discuss the implications
in Sec. V. We conclude in Sec. VI.

II. SURVEYS

Each semester for five semesters, pre- and postsurveys
were given to students taking an introductory general
education astronomy course at a medium-sized public
university in the southwestern United States. The course
consists of twice-weekly lecture sessions covering basic
principles of light and gravity, seasons and the Moon,
stellar evolution, galaxy formation and evolution, and an
introduction to cosmology. Weekly laboratory sessions
provide hands-on experience with related topics such as
stellar parallax, optics, galaxy morphologies, and the
discovery of the expanding universe. The course counts
towards general education laboratory requirements and
can be used to fulfill requirements for earning a minor in
astronomy.

We received approval from the university Institutional
Review Board to conduct our surveys. Students were
informed that an optional, nongraded survey about student
attitudes towards learning astronomy would be distributed
at the beginning (presurvey) and end (postsurvey) of the
semester. All participants in the surveys gave consent that
they were over 18 years of age and that their responses
would be reported in aggregate. In addition to the main
survey questions, students were asked to report demo-
graphic information (year in school, gender, and race or
ethnicity). Final grades were collected at the end of the
semester for students who completed the surveys.

For this exploratory study, we developed a baseline
survey that included questions covering the following
areas: affinity (whether students like astronomy), compe-
tence (whether students feel competent at astronomy),
difficulty (whether students think astronomy is difficult),
and mindset beliefs (the degree to which students subscribe
to a growth versus a fixed mindset). The questions on
attitudes about learning astronomy (affinity, competence,
difficulty) were included in order to provide context for
student responses regarding their learning mindset in an
astronomy class. They were adapted from an existing
“survey of attitudes toward astronomy” by Zeilik [36],
which was modeled on a validated survey of students’
attitudes toward introductory statistics developed by Schau
[37] and which has been used in past research on
introductory astronomy students [38,39]. Questions on
mindset beliefs were modeled on standard questions used
to assess learning mindsets, adapted from Dweck [2] and
from a related online “Mindset quiz” by Diehl [40], which
has been used in a related undergraduate mindset inter-
vention [41].

After administering the baseline surveys over two
semesters, there were indications that the mindset beliefs
questions were not fully capturing students’ approach to
learning astronomy. For example, despite the fact that the
responses to these standard mindset questions were over-
whelmingly consistent with a growth mindset, in-person
conversations with students and responses on student
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evaluations often included comments about being “bad at
math” or requests to reduce the challenging material in the
class in order to improve learning, statements that seemed
to betray a classically fixed mindset approach. To inves-
tigate this possibility, after two semesters, three sets of
additional questions were added to investigate student
mindsets in a more nuanced fashion. The first two sets
touched on how well a student’s behaviors (set 1—mindset
behaviors) or their interpretations of learning situations (set
2—mindset interpretations) aligned with a growth versus a
fixed mindset. The third set was aimed at taking students’
growth mindset “temperature” by simply asking students
where they would fall “right now” on a scale from 1-5,
where 1 indicates they do not feel they have what it takes to
succeed in astronomy, and 5 indicates they do (set 3—
mindset temperature). During the final semester, a fourth
set was added to assess whether a student felt they were

TABLE 1. Baseline survey—Astronomy affinity.

generally strong at math and science and whether they felt
that their success in the class depended more on their
natural ability or on devoting sufficient time and effort to
the task of learning (set 4—mindset self-assessment). As
this study was exploratory in nature, future work, e.g.,
using student interviews, will be needed to further validate
the survey questions.

Each survey question was associated with a question
category, as shown in Tables I-VIII. Questions were
scored using a Likert scale (1-5). Responses to positively
versus negatively phrased questions were averaged sep-
arately to produce a category mean, standard deviation,
and standard error of the mean. For attitude questions, this
resulted in scores for positive affinity (liking astronomy)
and negative affinity (disliking astronomy), positive
competence (feeling competent at astronomy) and neg-
ative competence (not feeling competent at astronomy),

Question (positive)

Source

6. I will like (liked) astronomy.
16. I will enjoy (enjoyed) taking this astronomy course.

— Zeilik [36] (adapted)
— Zeilik [36]

Question (negative)

Source

10. I will be (was) under stress during astronomy class.

15. T will feel (felt) insecure when I have (had) to do astronomy homework.
22. The thought of taking an (another) astronomy course scares me.

— Zeilik [36]
— Zeilik [36]
— Zeilik [36] (adapted)

TABLE II.

Baseline survey—Astronomy perceived competence.

Question (positive)

Source

14. T will find (found) it easy to understand astronomy concepts.

20. I can learn astronomy.

21. I will understand (understood) how to apply analytical reasoning to astronomy.

— Zeilik [36] (adapted)
— Zeilik [36]
— Zeilik [36]

Question (negative)

Source

2. I will have (had) trouble understanding astronomy because of how I think.

9. I will have (had) no idea of what’s going on in astronomy.

— Zeilik [36]
— Zeilik [36]

TABLE III. Baseline survey—Astronomy perceived difficulty.

Question (positive)

Source

8. Learning astronomy requires a great deal of hard work.
19. Astronomy is a complicated subject.

26. Astronomy concepts are hard for most people to understand.

— Zeilik [36] (adapted)
— Zeilik [36] (adapted)
— Zeilik [36] (adapted)

Question (negative)

Source

1. Astronomy is a subject learned quickly by most people.
13. Astronomy is not highly technical.

— Zeilik [36]
— Zeilik [36] (adapted)
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TABLE IV. Baseline survey—Mindset beliefs. Note that * are general mindset questions and ** are astronomy-specific mindset

questions, as discussed in the text.

Question (positive) Source

3. No matter how much intelligence you have, you can always change 1t quite a bit.” — Dweck [2]
12. T appreciate when people give me feedback about my performance — Diehl [40]
17. T will be (was) able to learn how to apply concepts 1n astronomy. — This work
24. You can substantially change how intelligent you are. — Dweck [2]
27. The harder you work at something like astronomy, the better you will be at it. ‘ — Diehl [40]
28. An important reason why I am studying astronomy is that I like to learn new things. — Diehl [40]
Question (negative) Source
4.1 often feel upset or angry when I get feedback about my performance.” — Diehl [40]
5. Only a few people will be truly good at astronomy - you have to be “born w1th it.” — Diehl [40]
7. You can learn new things, but you can’t really change how intelligent you are. — Dweck [2]
11. Truly smart people do not need to struggle to learn things like astronomy. — Diehl [40]
18. Your intelligence is something very basic about you that you can’t change very much ‘ — Dweck [2]
23. Astronomy is much easier for people of a certain gender or from a certam culture.” — Diehl [40]
25. Learning new things is stressful for me, and I tend to avoid doing so. — Diehl [40]
TABLE V. Additional question set I—Mindset behaviors.

Question (positive) Source
34. When I am (was) confused about something in astronomy, I will look (looked) up additional — This work

resources or get (got) help from teachers or classmates until I understand (understood).

Question (negative) Source
29. When I am (was) having difficulty understanding a particular topic in astronomy, I will try (tried) — This work

to focus my energy instead on the areas where I feel (felt) stronger.

and positive difficulty (viewing astronomy as difficult)
and negative difficulty (not viewing astronomy as diffi-
cult). In the case of the mindset questions, this resulted in
separate scores for positive mindset (growth mindset) and
negative mindset (fixed mindset), the suggested best
practice [35,42,43]. In addition, a composite affinity,
competence, difficulty, and mindset score was generated
after inverting the response scales for negatively phrased

questions, so that a score of 5 always corresponded to
stronger affinity, competence, and difficulty attitudes and
a stronger growth mindset. In this case, a score of 1
corresponded to weaker affinity, competence, and diffi-
culty attitudes and a weaker growth mindset. Again,
question responses were averaged by category to produce
a composite category mean, standard deviation, and
standard error of the mean.

TABLE VI. Additional question set 2—Mindset interpretations.

Question (positive) Source

32. I learn the most when a class covers topics or skills that I find challenging. — This work

Question (negative) Source

30. My learning is improved when a class does not focus too much on topics or — This work
skills that I am not good at.

31. If I quickly and easily understand (understood) what the teacher says or said, — This work
I am (was) satisfied I know (knew) enough about that topic.

33. When I have (had) to work hard to understand a topic in astronomy, this means (meant) — This work

that I am (was) not good at that topic.
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TABLE VII. Additional question set 3—Mindset temperature.

Question Source

39. Where are you right now on the following scale? — This work
1 2 3 4 5

| feel like I do | feel like I can

not have what it understand/do well

takes to understand/do in astronomy given

well in astronomy. enough time and effort.

TABLE VIII. Additional question set 4—Mindset self-assessment.

Question (positive) Source

38. The primary factor determining my level of success in astronomy will be (was) my ability to — This work
devote sufficient time and effort.

Question (negative) Source

36. The primary factor determining my level of success in astronomy will be (was) — This work
my natural math or science abilities.

Additional questions Source

35. I am naturally strong in terms of my math (science) abilities. — This work

37. 1 will be (was) able to devote the time and effort needed to learn astronomy. — This work

For classes taught in person by the main instructor, the
concept of a growth versus fixed mindset was briefly
mentioned, with general encouragement to adopt a growth
mindset for improved learning. These mentions happened
during the first class period (after the presurvey was
administered) and a few other times throughout the
semester. No deliberate mention of learning mindsets
was made in classes taught by alternate instructors or in
classes taught using a distance education mode. However,
as no significant change in learning mindset was detected
between pre- and postsurvey responses in any case, we
combine survey responses for all instructors and delivery
modes in our analysis.

III. SURVEY DATASETS

Surveys were conducted at the beginning and end of each
semester, but the unexpected start of the global COVID-19

pandemic in Spring 2020 necessitated changes in both
instruction delivery mode and survey administration.
Details on each semester are described below; the resulting
sample sizes are given in Table IX.

In Spring 2019, a single class was taught in person by the
main instructor, a tenure-track faculty member. Baseline
pre- and postsurveys were administered on paper on the
first and last days of class, with no extra credit incentive.
During Fall 2019, two classes were taught in person by the
same main instructor, a tenure-track faculty member, in
back-to-back lecture periods. Baseline pre- and postsurveys
were administered on paper on the first and last days of
class, with no extra credit incentive.

In Spring 2020, two classes were taught by two alternate
instructors, both tenure-track faculty members. The classes

started in-person, but after the university transitioned online
due to COVID-19 in March 2020, they were finished

TABLE IX. Survey samples. Note that * indicates the number of students enrolled at the start of the semester.

*

Semester Nppe Npost Npre  post NEnrolled Included questions
Spring 2019 63 43 39 67 Baseline
Fall 2019 (2 classes) 61 +43 44 + 31 41 4+ 26 70 + 52 Baseline
Spring 2020 (2 classes) 47470 7+ 12 6411 52 + 80 Baseline, sets 1-3
Fall 2020 13 19 4 154 Baseline, sets 1-3
Spring 2021 (2 classes) 17 + 34 17 427 11424 46 + 45 Baseline, sets 1-4
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virtually (asynchronous online). Baseline presurveys with
additional questions from sets 1, 2, and 3 were administered
on paper, with no extra credit incentive. Baseline post-
surveys with additional questions from sets 1, 2, and 3 were
administered online via Qualtrics [44], with no extra credit
incentive.

Because of the continuation of the COVID-19 pandemic
during Fall 2020, a single class was taught using a distance
education mode of delivery (asynchronous online). The
course was taught by an alternate instructor, a tenure-track
faculty member. Baseline pre- and postsurveys with addi-
tional questions from sets 1, 2, and 3 were administered
online via Qualtrics, with no extra credit incentive.

In Spring 2021, due to the continuation of the COVID-19
pandemic, two classes were taught using a distance
education mode of delivery (asynchronous online). The
courses were taught by the main instructor and an alternate
instructor, both tenure-track faculty members. Baseline pre-
and post-surveys with additional questions from sets 1, 2, 3,
and 4 were administered online via Qualtrics, with an extra
credit incentive.

IV. RESULTS

A. Semester-to-semester variation

First, we investigated the stability of student attitudes
and mindsets about learning astronomy over the course of
five semesters straddling the beginning of the COVID-19
pandemic. Figure 1 shows the survey results as a function
of semester (Spring 2019-Spring 2021). The top four
panels show the mean affinity, competence, difficulty,
and mindset beliefs scores with error bars representing
the standard error of the mean. During the Spring and Fall
2019 semesters, students overall showed an affinity for
astronomy (high positive affinity, low negative affinity) and
felt that they were relatively competent at astronomy (high
positive competence, low negative competence). They
perceived astronomy to have an intermediate level of
difficulty (intermediate positive difficulty, intermediate
negative difficulty). They agreed strongly with statements
indicating a growth mindset, i.e., high positive mindset
beliefs and low negative mindset beliefs.

The semester when COVID-19 began (Spring 2020)—
causing in-person courses to be switched to online
delivery—is indicated with light gray shading, and the
two semesters taught entirely in an asynchronous online
mode due to COVID-19 (Fall 2020 and Spring 2021) are
shown with dark gray shading. While scores are relatively
stable prior to COVID-19 and during the hybrid Spring
2020 semester, during the subsequent 2020-2021 year of
COVID-19, the responses even in the presurvey appear to
drop in positive affinity and increase strongly in negative
affinity. The same trends appear more subtly in compe-
tence. For difficulty, the reverse trend appears, with
positive difficulty scores increasing and negative

difficulty scores decreasing somewhat during COVID-19.
For mindset, there is a hint that positive mindset scores
were slightly lower and negative mindset scores slightly
higher after COVID-19 began, but the change was largely
within the uncertainties. Thus, it appears that mindset
beliefs are a particularly stable aspect of students’ mental
landscape.

B. Alternative mindset questions

To understand whether students’ stated beliefs were
accompanied by growth-oriented behaviors and interpre-
tations of classroom experiences, we explored the
responses to more nuanced mindset questions and how
they compared to our measurements of students’ mindset
beliefs, again, as a function of semester. In each of the
bottom four panels, we reproduce the mean mindset beliefs
scores and take these to represent the degree to which
students’ broad beliefs align with a growth versus a fixed
mindset, respectively. We then overplot the scores for our
alternative mindset questions—those touching on mindset
behaviors (set 1), mindset interpretations (set 2), mindset
“temperature,” i.e., a student’s mindset in the moment (set
3), and a mindset self-assessment of what factors (innate
talent versus time and effort) are most important for success
(set 4). While we have data from fewer semesters for these
question sets, we can begin to see some interesting trends.
In terms of mindset behaviors, while students’ positive
mindset scores are similar to their mindset beliefs, they
show significantly higher negative mindset scores. For
mindset interpretations, both the positive mindset scores
are lower and the negative mindset scores are higher
compared to students’ mindset beliefs. The mindset tem-
perature question shows slightly lower positive mindset
scores as compared to students’ positive mindset beliefs
scores. Finally, in terms of mindset self-assessment, stu-
dents showed similar positive mindset scores but signifi-
cantly higher negative mindset scores compared with their
mindset beliefs.

Overall, from the offsets seen between students’ mindset
beliefs and their responses to more nuanced mindset
questions, it appears that alternate questions can be used
to probe less stable characteristics of students’ approach to
the learning. It may also suggest that while students have
incorporated aspects of a growth mindset into their stated
worldview, they do not always act or respond accordingly
in the learning environment.

C. Stability of survey responses over the semester
as a function of demographics

We also investigated the stability of students’ attitudes
and mindsets over an individual semester. Given our
limited sample sizes, we restrict our analysis to exploring
the correlations between the presurvey versus postsurvey
scores. We report the associated Spearman’s correlation
coefficients, p, in Table X, with statistically significant
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FIG. 1. Mean presurvey (circles, dashed lines) and postsurvey (squares, solid lines) scores versus semester. Error bars represent the
standard error of the mean. Background shading indicates the teaching modality for each semester, whether in-person (white), hybrid
(light gray), or fully online (dark gray). In the top four panels, positive question (blue lines) and negative question (red lines) scores are
shown, where applicable. In the bottom four panels, results from positive (thick green lines) and negative (thick orange lines) alternative
mindset questions are compared with the standard mindset belief questions (blue and red thin lines).

correlations (p < 0.05) indicated in boldface. Results
are given for all students and also as a function of
demographics. For simplicity, in this analysis we consider
only composite mean scores (i.e., combining positively and
negatively phrased questions, as described in Sec. II).

Overall, we find that the pre- and postsurvey responses
are largely consistent with one another for the affinity,
competence, difficulty, and mindset beliefs scores, showing
moderate Spearman’s correlation coefficients of p =
0.5-0.6 when considering all students responses in
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TABLE X. Spearman’s p correlations—age, gender, race or ethnicity. Statistically significant correlations (p < 0.05) are shown in

bold.

Presurvey vs Postsurvey All Younger Older Female Male Hispanic White
Affinity 0.543 0.487 0.596 0.525 0.526 0.595 0.549
Competence 0.592 0.573 0.601 0.531 0.609 0.572 0.600
Difficulty 0.565 0.460 0.627 0.469 0.561 0.548 0.630
Mindset beliefs 0.640 0.692 0.608 0.693 0.564 0.685 0.542
Mindset behaviors 0.295 0.486 0.283 0.320 0.492 0418 0.496
Mindset interpretations 0.559 0.696 0.427 0.512 0.577 0.534 0.520
Mindset temperature 0.515 0.694 0.387 0.488 0.683 0.629 0.293
Mindset self-assessment 0.375 0.220 0.449 0.364 0.147 0.484 —0.099
Postsurvey vs Final score All Younger Older Female Male Hispanic White
Affinity 0.257 0.325 0.218 0.307 0.108 0.346 —0.046
Competence 0.399 0.504 0.335 0.400 0.356 0.526 0.127
Difficulty —-0.011 —-0.056 0.022 0.053 —-0.119 —0.013 —-0.020
Mindset beliefs 0.187 0.219 0.169 0.227 0.022 0.271 —-0.097
Mindset behaviors 0.142 0.044 0.286 0.217 —0.586 0.147 0.086
Mindset interpretations 0.230 0.067 0414 0.289 -0.222 0.288 0.072
Mindset temperature 0.424 0.386 0.476 0.497 —0.112 0.530 0.012
Mindset self-assessment 0.221 0.278 0.203 0.520 —0.109 0.283 —-0.351

aggregate. The results are similar when dividing the
students by age (“younger,” 1st year only, versus “older,”
>1st year), gender (“female” versus “male”), and race or
ethnicity (“Hispanic” versus “White.”) We note that stu-
dents who selected an alternate gender identity (N = 4) and
race or ethnicity category (N = 24) were not numerous
enough for separate quantitative analysis.

The full sample also shows moderate correlations
(p = 0.5-0.6) between pre- and postsurvey mindset inter-
pretations and mindset temperature scores, with slightly
stronger correlations in both cases for younger (p = 0.7)
versus older (p = 0.4) students. In addition, mindset
temperature scores were slightly more correlated for male
(p =0.7) versus female (p = 0.5) students. A weak correla-
tion (p = 0.3-0.4) is found between the pre- and post-
survey mindset behaviors scores, with slightly stronger
correlations for White (p = 0.5) versus Hispanic (p = 0.4)
students. A similarly weak correlation (p = 0.3-0.4) is
seen between the pre- and post-survey mindset self-
assessment scores.

Thus, students are quite consistent in their reported
attitudes (affinity, competence, difficulty) and mindset
beliefs across the span of a given semester, although there
may be some slight variation in the responses to the
alternative mindset questions as a function of demo-
graphic groups.

D. Relationship of post-survey responses to final grades
as a function of demographics

Given the potential for a student’s performance in the
class to influence their attitudes about learning astronomy,
we investigated whether students’ attitudes and mindsets at

the end of the semester were correlated with their final
grade percentage in the class. Again, given our limited
sample sizes, we restrict our analysis to correlations,
reporting the associated Spearman’s correlation coeffi-
cients, p, in Table X, with statistically significant values
(p < 0.05) indicated in boldface. Results are given for all
students and also as a function of demographics. For
simplicity, in this analysis we again consider only
composite mean scores (i.e., combining positively and
negatively phrased questions, as described in Sec. II).

Overall, we find that the postsurvey responses and final
grades are weakly correlated for affinity (p = 0.3), includ-
ing when dividing by age, but with hints of weaker
correlations for male versus female and for White versus
Hispanic students. We find a moderate correlation for
competence (p = 0.4), including when dividing by gender,
but with a stronger correlation for younger (p = 0.5) versus
older (p = 0.3) students. The competence scores also hint
at a much weaker correlation for White versus Hispanic
students. Overall, mindset beliefs scores are only weakly
correlated with final grades (p = 0.2), with even weaker
correlations suggested for male versus female and White
versus Hispanic students. Mindset interpretations scores
were moderately correlated (p = 0.4) only for older versus
younger students. Mindset temperature scores appear
moderately correlated (p = 0.4) overall, but with hints of
weaker correlations for male versus female and White
versus Hispanic students.

Thus, despite the potential for a student’s course grade to
influence their attitudes about learning astronomy, the
results from our correlation analysis are somewhat mixed,
with hints of variation between demographic groups. These
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data suggest that the attitudes of White and male students,
in particular, may be less influenced by their final grade in
the class than other demographic groups. In addition, the
stronger correlations between affinity, competence, and
mindset temperature responses and final grades as com-
pared to the results for mindset beliefs scores are consistent
with the idea that mindset beliefs questions are tracking a
more stable characteristic than that probed by our attitude
and nuanced mindset questions and one that is less
influenced by the grade in a particular class.

V. DISCUSSION

Our main finding is that university students in intro-
ductory astronomy classes broadly agree with general
statements supporting a growth mindset perspective. This
is true for both fall and spring semester cohorts, as well as
for different course delivery modes (in-person, hybrid in-
person and virtual, and fully virtual). The unexpected
arrival of the COVID-19 pandemic in 2020, partway
through our study, brought with it a host of unprecedented
challenges that affected students striving to continue their
education in myriad ways. Indeed, we see evidence that this
period took a toll on students’ attitudes about learning
astronomy (and presumably other topics). Whether it was
due to overall heightened stress levels during this time or
due to the sudden change in course delivery mode (from
being in-person to taking only online classes), students
began the Fall 2020 and Spring 2021 semesters expressing
significantly lower affinity for astronomy, somewhat lower
levels of perceived competence, and slightly higher levels
of perceived difficulty than during the previous few
semesters. Yet this same time period seemed to have a
negligible impact on students’ learning mindset, as mea-
sured using standard growth mindset questions.

The degree to which students agree with growth
mindset statements also did not change substantially from
the beginning to the end of a given semester. Minimal
correlations were found between postsurvey responses to
standard mindset questions versus the final grade in the
class, emphasizing the durability of students’ belief in a
growth mindset, but also failing to corroborate previous
findings of a positive correlation between a growth
mindset and academic achievement at the university level
[35]. The other attitude measures we tracked—the affinity
students have for astronomy, the perceived competence at
astronomy, and the perceived difficulty of astronomy—all
showed more variation semester-to-semester than the
learning mindset scores, showing their learning mindset
beliefs to be a remarkably stable feature of students’
mental landscape.

These findings are particularly interesting in the context
of previous work showing that students in a range of other
undergraduate STEM courses (i.e., biology, computer
science, math, organic chemistry, physics) tend to show
a shift towards fixed mindset beliefs over the course of the

Mindset Beliefs
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FIG. 2. Mean presurvey (circles, dashed lines) and postsurvey
(squares, solid lines) scores versus semester for mindset beliefs
questions. All mindset belief questions are shown in the top panel, as
in Fig. 1, while the lower two panels show the results for general
mindset belief questions (middle panel) versus astronomy-specific
mindset belief questions (bottom panel), as discussed in the text.
Positive question (blue) and negative question (red) scores are
shown. Error bars represent the standard error of the mean. Shading
indicates the teaching modality for each semester, whether in-
person (white), hybrid (light gray), or fully online (dark gray).

semester [29-35]. Studies have shown that students’
mindset can depend on the relevant academic domain,
with domain-specific mindsets evolving more significantly
towards a fixed mindset than students’ general mindset over
the course of a semester [27,30,32]. However, we found
that the results of our study were similar (Fig. 2) when we
considered only those mindset questions referring to
general intelligence versus those referring to astronomy-
specific intelligence (see Table I1V). The reason for this
difference between students taking astronomy classes
versus those taking other STEM subjects is not clear. It
is possible that undergraduate student mindsets depend on
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the particular make-up of the student cohort, e.g., on the
quality of student motivation or engagement in the class
[31], or whether a course is taken as a required (higher
stakes) prerequisite for entering an undergraduate major
versus as fulfillment of a (lower stakes) general education
requirement. The mindset students bring might also be
influenced by the extent to which success in a given field is
thought to require “brilliance” versus hard work; for
example, astronomy has been shown to be somewhat less
strongly associated with the brilliance narrative than fields
like math, physics, and computer science, although it is
comparable to fields like biology and chemistry [45].
Alternately, it is possible that there has been a gradual
evolution in student mindsets over the past two decades, as
the concept of a growth mindset has become more widely
popularized. Future study will be needed to better under-
stand these findings.

The picture becomes more nuanced when we look at
other measures of students’ learning mindset. When asked
about behaviors that are aligned or anti-aligned with a
growth mindset—e.g., asking for help or looking up
additional resources, focusing on what came easily or
avoiding what was challenging—student fixed mindset
scores are significantly higher than when their mindset
is assessed using broad statements of what they believe.
Similarly, when asked about how they interpret situations in
the class—e.g., easily understanding what the teacher says
reflecting that they already know enough, saying learning is
improved when a class does not focus on areas where they
are weak versus saying their learning is improved when a
class covers challenging topics, or interpreting having to
work hard to understand something as an indication they
are not good at that topic—student growth (fixed) mindset
scores are significantly lower (higher) than the scores for
overall beliefs. When simply asked whether their success in
the class would depend mostly on their natural math or
science ability versus on the time and effort they spend,
student fixed mindset scores are somewhat higher.
Interestingly, when asked to put themselves on a scale
from 1-5, where 1 indicated they do not feel they have what
it takes to succeed, and 5 indicated that they do, the drop in
growth mindset score was minimal during the hybrid
Spring 2020 semester, but seemed to become more pro-
nounced in the fully virtual classrooms. Taken together, all
of these different approaches suggest that while introduc-
tory astronomy students say they very much “believe” in a
growth mindset—that intelligence is malleable and that you
can get smarter by putting in time and effort—they do not
necessarily act or respond that way consistently in the class
setting. For example, they do not necessarily engage in the
behaviors that would would allow them to “get smarter
with time and effort,” or they do not necessarily lean into
that next challenge that would help them grow. Instead,
they may run away from challenge or interpret struggle as a
sign that they are not good at something rather than simply

as an indication that they do not understand that topic “yet”
[46]. This discrepancy between stated beliefs and class-
room behaviors or interpretations may indicate that stan-
dard mindset questions do not fully capture student
learning mindsets, at least in the undergraduate classroom
setting. Alternately, once again, it is possible that this
discrepancy reflects evolution over the past two decades.
Having grown up with the idea of a growth mindset,
students may have come to adopt a growth mindset into
their stated beliefs, while not necessarily having the skills
or support needed to put a growth mindset into practice.

We note that there is precedence in the literature for the
finding that individuals can hold aspects of a growth
mindset and a fixed mindset at the same time, both among
students [33,34,47] as well as among faculty serving on
graduate admissions committees [48]. Indeed, it was this
complexity that motivated the recommendation to track
growth and fixed mindset scores separately [35,42,43]. As
a specific example, Little et al. [49] conducted end-of-
semester interviews of students in an introductory physics
class and found evidence that some students would
express aspects of a fixed mindset and yet would dem-
onstrate a high level of hard work and persistence, i.e.,
behavior that is more aligned with a growth mindset. The
apparent contrast with what we found (growth mindset
beliefs yet fixed mindset behaviors or interpretations)
likely stems from differences in the student population
studied: Little et al. [49] chose to interview STEM majors
who were likely motivated to earn a high grade in a second
semester introductory physics class, whereas students
taking the introductory astronomy courses we studied
were drawn from a wide range of majors and were most
often taking the course simply to fulfill a general educa-
tion lab requirement.

No strong differences in the pre-post correlations for
affinity, competence, difficulty, and mindset beliefs were
found as a function of student demographics. This suggests
that our findings, particularly on the durability of mindset
beliefs, are likely to be fairly representative of the student
body as a whole. While the smaller sample size makes it
difficult to draw firm conclusions on the more nuanced
mindset questions, it appears that in some cases there is less
pre-post correlation and more variation between demo-
graphic groups, suggesting that these questions may be
probing less stable characteristics that are more open to
influence by experiences in the classroom.

A long-standing goal has been to design interventions
that encourage students to adopt a growth mindset in hopes
of ultimately improving their academic performance and
persistence. From this perspective, our results are encour-
aging. The fact that university introductory astronomy
students are in strong agreement with growth mindset
beliefs, i.e., with the idea that they can get smarter given
time and effort, is a great starting point for improving their
learning. However, interventions designed to foster a
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growth mindset may encounter the ceiling effect that we
saw in this work, when the level of growth mindset
agreement is already high [13]. More importantly, there
is clearly more work to do in terms of helping students
understand what good learning actually feels like and
helping them take a growth mindset to heart in terms of
their learning behaviors and interpretations. Many things in
the classroom setting can “trigger” a fixed mindset. For
example, students will inevitably compare themselves to
other students or worry they do not measure up in some
regard [49]; they will encounter a setback or have to
struggle to understand the material. In addition, some
students may encounter financial or personal challenges
that make it difficult to follow through on devoting the time
and effort needed to succeed academically. To maximize
their ability to learn, therefore, students need to not only
believe a growth mindset is a good thing in the abstract, but
they must also develop specific skills for responding
mindfully to classroom experiences and must have suffi-
cient time and resources to devote to their education. This
suggests that the most useful interventions will be those
that focus explicitly on encouraging and supporting spe-
cific growth-oriented habits and behaviors that have been
demonstrated to improve learning rather than on influenc-
ing overarching beliefs.

VI. CONCLUSIONS

In order to understand the attitudes and mindsets
students have towards learning astronomy, we conducted
pre- and postsurveys in an introductory general education
astronomy course taught at a medium-sized public uni-
versity in the southwestern United States. Students showed
strong and consistent agreement with standard mindset
questions, both over the span of a single semester as well as
across semesters coinciding with the beginning of the
COVID-19 pandemic and the associated, rapid shift to
all-virtual learning. Measures of other learning attitudes
showed more variation over the course of the COVID-19

pandemic than students’ expressed mindset beliefs, empha-
sizing that students appear to strongly believe in their
ability to grow their intelligence through time and effort.
Responses to these attitude and mindset questions did not
depend strongly on student demographics, suggesting that
these results are representative of the student population as
a whole. However, on more nuanced measures of students’
learning mindset—i.e., questions that probe the behaviors
and interpretations students demonstrate in the classroom,
their “in the moment” mindset, and students’ self-assess-
ment of what factors are most important for their success—
students showed lower (higher) alignment with a growth
(fixed) mindset. This suggests that standard mindset survey
questions may not (or may no longer) capture a complete
measure of student mindsets in the undergraduate class-
room environment. Specifically, while students may have
adopted the tenets of a growth mindset into their stated
beliefs, they do not necessarily act or respond accordingly
when faced with the inevitable challenges of learning
something new. Interventions aimed at improving student
learning though influencing learning mindsets should
therefore consider focusing less on convincing students
to adopt a growth mindset in the abstract and more on
training students to become mindful of their responses to
classroom experiences—i.e., understanding what real
learning feels like, so they can interpret academic chal-
lenges constructively—and supporting them in adopting
behaviors that foster rather than undermine their learning.
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