Educational debts incurred by racism and sexism in students’ beliefs about physics
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The American Physical Society calls on its members to improve the diversity of physics by sup-
porting an inclusive culture that encourages women and people of color to become physicists. Be-
coming a physicist demands a set of beliefs about what it means to learn and do physics. Rather
than physics courses and degree programs supporting students in developing these beliefs, evidence
shows that physics education filters out students without sufficient beliefs. To better understand
the role of beliefs in the lack of diversity in physics, we investigated the intersectional nature of
race/racism and gender/sexism in inequities in student beliefs towards learning and doing physics
using a critical quantitative intersectionality framework. The analyses used hierarchical linear mod-
els to examine students’ beliefs as measured by the Colorado learning attitudes about science survey.
The data came from the LASSO database and included 1248 students in 29 calculus-based mechan-
ics courses. Like prior studies, we found that beliefs either did not change or slightly decreased for
most groups. Results identified large differences across intersecting race and gender groups. White
students, particularly White men, tended to have more expert-like beliefs than any other group of
students. Physics instruction must address these educational debts to move toward an inclusive
culture supportive of diverse students and professionals.



I. INTRODUCTION

Physicists hold a distinct set of beliefs about the na-
ture of science. These beliefs support learning [1, 2] and
are necessary for becoming a professional physicist [3, 4].
While most students in calculus-based mechanics courses
hold a majority of these beliefs [5], they do not hold
enough of the beliefs to become professional physicists.
Some curriculum explicitly focused on developing beliefs
about learning and doing physics support students in al-
gebra and calculus-based introductory physics courses in
developing expert beliefs. However, mounting evidence
indicates that most introductory physics courses either
harm or do not impact students beliefs [5]. Rather than
the culture and activities of physics courses supporting
students in developing these beliefs, physics education fil-
ters out students who do not arrive with the prerequisite
beliefs for becoming a professional physicist [3, 4].

Many physicists believe that physics is, or should be,
a meritocracy, where all students have equal opportuni-
ties to succeed and those that work hard succeed in their
physics courses. Meritocracy often assumes that individ-
uals and groups start from the same place and ignores
differences in individuals and groups backgrounds. At
the same time, many physicists endorse the idea that
success in physics requires raw innate talent [6]. Criti-
cal Race Theory, the framework for this research, prob-
lematizes the notion of a meritocracy by pointing out
that racist power structures integral to education in the
United States inherently advantage White students [7, §].
Ladson-Billings [9] refers to these systemic differences be-
tween groups as educational debts to make explicit that
they represent a failing of society and not of the stu-
dents. One path to increasing diversity in physics [10] is
to teach physics in a way that addresses the educational
debts students from marginalized groups bear.

We explored the intersectional nature of race/racism
and gender /sexism in beliefs from a large (but not repre-
sentative) sample of students in calculus-based mechanics
courses. Women and people of color are underrepresented
in physics [11, 12]. Being successful in the current system
for preparing physicists requires a particular set of beliefs
about what it means to learn and do physics. Physics
courses and programs seldom generally foster students in
developing these beliefs; rather, physics programs pro-
duce majors from the pool of students who already have
the necessary beliefs [3-5]. If the beliefs about physics
that women and students of color hold are less expert-like
than those of White men, far fewer of them can become
physicists in the current system. In that case, increas-
ing diversity in physics will require developing and using
pedagogies that support students in developing the be-
liefs they need to succeed in physics. To investigate these
issues we asked the following research question:

To what extent does the intersection of race/racism and
gender/sexism predict students’ beliefs before and after
taking calculus-based mechanics courses?

II. FRAMEWORK

Critical Quantitative Intersectionality (CQI) provides
a framework for applying critical theory [7, 13, 14] and
intersectionality [15, 16], which have been used primarily
for qualitative studies [17, 18], to quantitative studies
in physics education [19]. CQI examines unique con-
stellations of race, gender, and class social location as
categories of experience in a given educational context
[20]. CQI positions us to, “use data to represent educa-
tional processes and outcomes on a large scale to reveal
inequities and to identify social or institutional perpetu-
ation of systematic inequities in such processes and out-
comes”; and to “question the models, measures, and an-
alytic practices of quantitative research in order to offer
competing models, measures, and analytic practices that
better describe experiences of those who have not been
adequately represented” [18, p. 10-11].

Quantitative research on STEM student equity often
takes a neutral stance and lets the numbers speak for
themselves [21]. As with our research into student learn-
ing [19], however, we take a critical perspective that prob-
lematizes power structures and their roles in perpetuat-
ing classroom and social inequities. To avoid our find-
ings being interpreted from a deficit perspective, we often
used advocative terms (e.g., gender/sexism, race/racism,
and marginalized) over more neutral terms (e.g., gender,
race, and underrepresented minority).

III. METHODS

The data for this study comes from the Colorado learn-
ing attitudes about science survey (CLASS) [22]. We
accessed student and course data through the Learning
About STEM Student Outcomes (LASSO) platform [23].
The LASSO platform is an online platform that collects
large-scale, multi-institution data by administering, scor-
ing, and analyzing research-based assessments. To sup-
port research, the LASSO platform makes an anonymized
version of its database of student and course data avail-
able. The database only includes students who consented
to share their data with researchers. The data came from
2088 students in 34 courses from 13 institutions. Thirty
of the 34 courses used the Learning Assistant Model [24]
and only included one two-year college.

To clean the data, we removed the pretest or posttest
score if the student took less than 3 minutes on the as-
sessment or incorrectly answered the filter question [22].
After cleaning the data, we used hierarchical multiple im-
putation (HMI) with the hmi [25] and mice [26] packages
in R~ Studio V. 1.1.456 to address missing data. HMI is
a principled method for maximizing statistical power by
addressing missing data while accounting for the hierar-
chical structure of the data [27-31]. Descriptive statistics
for the imputed data are shown in Table I.

To investigate student beliefs, we developed two sets of
models to predict student beliefs on the pretest and the



TABLE I. Descriptive statistics

Gender Race N Pretest Post-test

Mean SD Mean SD
Female Asian 130 57.3 15.9 57.4 16.9
Male  Asian 249 61.0 15.5 58.7 18.4
Female Black 38 57.6 14.9 55.1 15.3
Male Black 50 58.8 15.8 56.3 19.0
Female Hispanic 109 55.6 17.2  53.2 17.8
Male Hispanic 358 61.0 14.5 58.6 16.9
Female other 102 58.7 17.2  56.4 19.0
Male  other 131 62.4 15.5 62.6 15.5
Female White 293 64.6 16.5 61.5 18.6
Male White 628 66.2 15.6 64.9 17.1

posttest. We scored student’s beliefs using the instru-
ment developers scale [22]. Our models were 2-level hier-
archical linear models with student data in the first level
and course data in the second level. Using hierarchical
linear models allowed us to account for the nested nature
of our dataset [32]. We developed the models and pooled
the results for the imputed datasets using the mitml [33]
and lme4 [34] packages in R. We developed the models
through a step-wise addition of variables. To identify the
simplest model that accounted for the most variance, we
only included variables that improved the student-level
variance explained by at least 1%. We focused on the
student level variance because the course level variance
was relatively small <3% and fluctuated between models.
The final models met all assumptions.

Our analysis focused on the point estimates and stan-
dard errors produced by the models. We follow the rec-
ommendations made in the American Statistical Associ-
ations special issue on moving beyond p-values because
of their consistent misuse in the scientific literature [35—
37]. We do not present p-values because they lead to se-
lective reporting and selective attention [37] that would
ignore injustices borne by the most underrepresented and
marginalized groups of students because p-values depend
on sample sizes.

Our model development included variables for, gender
(Female;;) and race (Asian,;, Black;;, Hispanic;;, and
other;;). The female group included all students that
did not identify as male. This included four students
that identified as trans and four students that identified
as gender nonconforming. Samples this small do not pro-
vide dependable statistical results, however we included
all students in the analyses because removing them could
have biased course level measures. We combined them
with the female students because the marginalization
both groups face is rooted in sexism. Labeling the group
female represented the majority of students in the group
and avoided a male-centric term like non-male. We in-
cluded students who did not reply to the race demo-
graphic questions, chose “a race or ethnicity not listed
here”, or chose a race with a small representation in the
other category. The two races with low representation
were Native Americans (N=1) and Hawaiian or Pacific

Islander (N=13). We included the other category in our

model to maximize sample size and minimize bias at the

course level but will not discuss the results for this group.

The following equations describe the final models.
Level-1 Equations (Student-level)

Score;; = Poj + P1j * (Female;;) + Pa; * (Asian;;) +
Bsj * (Blackij;) + pa; * (Hispanic;j) +
Bs; * (otheri;) + Bej * (FemaleX Asian;j) +
Bz * (FemaleX Black;;) +
Bsj * (FemaleX Hispanic;;) +
Bo; * (FemaleXother;;) + ri;

Level-2 Equations (Course-level)

Bij = 7i0

To create an effect size of any racial and gender dif-
ferences we identified, we drew on the literature to es-
tablish a reasonable cutoff in expert beliefs necessary for
students to pursue a graduate degree and become a pro-
fessional physicist. Based on Gire et al. [3] and Bates
et al. [4] we estimated that professional physicists score
about an 85% on the CLASS on average with a standard
deviation of approximately 10%. Given that students do
not tend to improve their beliefs about physics through
their undergraduate education [3, 4], we settled on 75%
as an estimate for the beliefs that a student needs to
start college with to have a reasonable chance of becom-
ing a physicist. This 75% cutoff is not definitive for the
minimum beliefs to become a physicist. Rather, we use
it to illustrate the potential effects of racial disparities
in physics beliefs on diversifying physics. We present
density plots of posttest beliefs by race and descriptive
statistics by race and gender to illustrate the difference
in proportion of students from each race and gender with
the beliefs to become physicists.

IV. FINDINGS AND DISCUSSION

Table II details the final models for pretest and
posttest with point estimates and standard errors pre-
sented in Fig. 1. The models showed small decreases in
beliefs from pretest to post-test for White, Hispanic, and
Black students and no shifts for Asian students. These
results align with prior findings that student beliefs de-
creased in most physics courses, even those that used
active engagement [5]. Taking into account the standard
error, the models indicated that women of color (Asian,
Black, and Hispanic women who are all marginalized by
both sexism and racism) tended to have similar beliefs
and that men of color tended to have similar beliefs. The
models also indicated that on average White men’s and
White women’s beliefs differed from each other and from
both men and women of color.
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FIG. 1. Predicted beliefs for pretest and post-test beliefs dis-
aggregated by race and gender as measured by the CLASS.
The point estimates show large differences in beliefs favoring
male and White students and show little change from pretest
to post-test. Error bars represent one standard error.

Women of color reported the least expert beliefs of
any group followed by men of color. The error bars for
these two groups of students indicated that the model
did not precisely fit the data for both Black men and
Black women. Black women may tend to have lower
scores than other women of color and Black men may
tend to have scores more similar to Hispanic and Asian
women than to other men of color. The inability of the
models to precisely locate the point estimates for Black
men and women results more from the small number of
Black students in the sample than from a larger variation
in their beliefs (Table I). White women reported beliefs
that tended to be lower than White men and slightly
higher than men of color. White men reported the most
expert beliefs on average.

The models indicated an intersectional approach was
necessary for investigating beliefs. Beliefs varied by both
race and gender. Furthermore, researchers often combine
Asian students with White students because both groups
are overrepresented in physics. However, our models
found that Asian students hold beliefs more similar to
other students of color than to White students.

Figure 2 shows the density plots for students post-test
beliefs. The dashed red line represents the 75% cutoff
estimated for becoming a professional physicist we dis-
cussed in the methods. The area under the curve to the
right of the dashed red line represents the likelihood of
a student from each race having beliefs necessary to be-
come a physicist. White students were the most likely
to have these beliefs (26%) followed by Asian (14%),
Hispanic (14%), and Black (10%) students. These re-
sults show a large racial/racist inequity in that Asian,

TABLE II. Hierarchical Linear Models.

Pretest  Post-test
Coefficient B8 SE B8 SE
Intercept 66.0 0.84 65.2 0.87
Female -2.4 1.17 -3.8 1.34
Asian -5.9 1.24 -6.1 1.48
Black -7.3 2.33 -9.0 2.93
Hispanic -4.6 1.07 -6.0 1.28
other -3.3 1.56 -2.0 1.83
Fem. X Asian -2.3 213 2.0 2.60
Fem. X Black -1.2 3.69 2.9 4.09

Fem. X Hispanic -3.7 2.08 -1.7 2.40

Fem. X other -1.9 2.45 -2.8 2.96
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FIG. 2. Density plots of the posttest beliefs by race. The red
line indicates the 75% cutoff for estimated beliefs necessary to
pursue and receive a graduate degree in physics. The density
plots show inequities in students beliefs that may contribute
to the lack of diversity in physics.

Hispanic, and Black students education failed to provide
them with the opportunities to develop the beliefs neces-
sary to become a professional physicist.

The density plots are only disaggregated by race for
simplicity. Table IIT extends the information presented
in the density plots by providing the percentage of stu-
dents from each intersectional group that reported be-
liefs sufficient to become professional physicists. These
race/racist and gender/sexist inequities are even starker
than those presented in the density plots as very few
women of color report CLASS scores greater than 75%.
Few women of color overcome the educational debt owed
them to take calculus-based mechanics courses. Subse-
quently, these sexist and racist inequities in beliefs mean
that even fewer women of color have the opportunity to
become physicists.



TABLE III. The percentage of each intersectional group with
sufficient beliefs to become a professional physicist.

% > 75
Race Female Male
Asian 11% 16%
Black 3% 16%
Hispanic 9% 15%
White 22% 28%

V. CONCLUSION

Our findings illustrated large educational debts owed
to women and students of color in terms of beliefs about
learning and doing physics. The educational debt owed
women is consistent with a lack of early educational ex-
periences in the sciences playing a role in the underrep-
resentation of women in physics [38]. These differences
in physics beliefs do not represent deficiencies in the stu-
dents themselves; rather, they represent a lifetime of sci-
ence and math experiences catered to White male stu-
dents. By failing to address the educational debt owed
to both women and students of color, physics education
perpetuates the racist and sexist power structures that
created those debts.

These results show the practice of grouping Asian and
White students may obscure inequities between White
students and students of color. Society enacts racism
against Asian Americans through both the model minor-
ity stereotype [39] and by ignoring diversity across the
ethnicities that make up Asian Americans [17, 39, 40].
The model minority stereotype portrays Asian Ameri-
cans as a monolithic, hardworking and successful group
and is used to undermine Black Americans claims of
racism in the United States. Asian Americans are a pan-
ethnic racial group that is represented at higher rates
in many science and technology disciplines at higher
rates than they are in the U.S. population. However,
Asian Americans academic attainment correlates with
their class status [40] and varies across ethnic groups [17].
One possible explanation for the difference between the
attitudes of White and Asian American students in this
study is that the students in our sample of introductory
physics courses from 13 institutions represents a more di-
verse group of students than those who earn undergrad-
uate degrees in physics. Future work can better inform
the racism and classism Asian Americans experience in
their physics education by accounting for both ethnic-
ity and socioeconomic status. We recommend that re-
searchers provide empirical support for combining Asian
and White student populations in their study. Doing oth-
erwise risks minimizing the measurements of racism in fu-
ture studies and perpetuates the harmful model minority
stereotype. The LASSO data used in this study adopted
common demographic measures in physics education re-
search and did not disaggregate across Asian ethnicities,

however the demographics questions have been changed
to collect this information.

Our data do not represent the breadth of calculus-
based mechanics courses and therefor limits the gener-
alizability of our findings. Only one institution in the
data set was a two-year college, but a large portion of
college physics courses are taken at two-year colleges [41].
Future work should explore issues of beliefs and equity
across the intersection of race and gender in the two-year
college environment. Similarly, research should seek to
replicate findings of pedagogies that support students in
developing their beliefs at two-year colleges.

The American Physical Society (APS) statement on
diversity [10] takes a strong stance on creating systems
that support the success of students from diverse back-
ground. In it they, “call upon policymakers, admin-
istrators, and managers at all levels to enact policies
and promote budgets that will foster greater diversity
in physics. We call upon the physics community
as a whole to work collectively to bring greater diver-
sity wherever physicists are educated or employed.” If
few women and students of color have the beliefs that
the physics community requires to become a professional
physicist and physics instruction continues to not sup-
port students in developing these beliefs, physics will not
become more diverse. Pedagogies with an epistemilog-
ical or model-based focus can support students in de-
veloping the beliefs necessary for becoming a physicist
[5]. In particular, Traxler and Brewe [42] found Mod-
eling Instruction supports women and students of color
in developing more expert-like beliefs. Meeting the call
of the APS requires researchers to confirm these results
in other settings and to further identify the mechanisms
by which they support students changing their beliefs.
Meeting this call will also require faculty and instructors
demanding the resources to implement evidence-based
pedagogies that support diverse students in developing
expert beliefs. In pursuing equity, Critical Race Theory
warns that interventions to support women and students
of color will only be implemented when they benefit the
group in power, White men, thereby creating an interest
convergence. The physics community should attend to
which institutions and which students receive resources
to improve diversity in physics, and the physics educa-
tion research community should attend to which institu-
tions and students are represented in our investigations
of these interventions.
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