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of one study that discussed differences across race or
ethnicity [14]. Traxler and Brewe [14] found gender and
ethnic differences favoring men and overrepresented eth-
nicities (i.e., Asian and White [34]). They also found
Modeling Instruction, an evidence based pedagogy with a
focus on developing student attitudes, supported women and
BIPOC students in developing more expertlike attitudes.

The disparities in outcomes for women and BIPOC
students in physics courses result from systemic barriers in
physics education. These barriers perpetuate the educa-
tional debts society owes these students [35]. Society has
accrued educational debts that it owes to minoritized
students through historical, sociopolitical, economic, and
moral forms of inequalities [36]. In this investigation we
examined an avenue by which the racist and sexist power
structures within university physics courses perpetuate and
increase the educational debts society owes women and
BIPOC students through the denial of opportunities and
resources to develop as physicists [10,37]. To better
understand the role of attitudes in the lack of diversity
in physics, we used a critical quantitative framework
(QuantCrit) [38] to investigate the intersecting relationships
between racism and sexism in inequities in student attitudes
about learning and doing physics. We modeled society’s
educational debts due to racism, sexism, and their inter-
section in a multi-institutional dataset (18 institutions and
95 courses) collected using the Colorado Learning
Attitudes about Science Survey (CLASS) [11] using
hierarchical models. Our QuantCrit framework guided















To determine what demographic variables to include in
the models, we first used a rule of thumb to only investigate
scores for populations with at least 20 students total [113].
This meant that we did not include variables for trans-
gender, Hawaiian or Pacific Islander, or Native American in
our models. Because removing the students with these
identities could have biased the course-level results and
because some students did not include a gender or race, we
combined these students into two categories: gender other
and race other. This meant that the final variables used in
our model, which is shown above, included woman, gender
other, Black, Asian, Hispanic, White, and race other. We









between White women and women of color were smaller
than the uncertainty in the measurements. However, in both
courses society owed the greatest educational debt to Black
women whose predicted average attitudes were 8.1 to 12.5
percentage points lower than the predicted average attitudes
for White men. To interpret the size of these differences in
the context of becoming a physics major, we explore the
proportion of students from each race and gender above
the 75% threshold of attitudes held by most physicists in
the next section.

B. Proportion of students above 75%

As we described in the methods section, Table IV and
Fig. 3 represent the results of the hierarchical generalized
linear models predicting the proportion of students from
each demographic group who scored above 75% on the
pretest. Seventy-five percent provided an estimated cutoff
for the attitudes students need prior to taking their first
college physics course to have a reasonable chance of
becoming a professional physicist.

The results of the hierarchical generalized linear models
showed society owed educational debts to women and
BIPOC students. The proportion of students making the
75% cutoff ranged from a low of 7% for Black women in
algebra-based courses to a high of 36% for White men in
calculus-based courses. Across all groups except Hispanic
students in calculus-based courses the models predicted
men to be above the threshold more often than women.
In 6 of 10 comparisons, these raw differences were large.
In both course types, we measured a 13 percentage point
gender difference for Black students and an 8 percentage
point gender difference for Asian students. In calculus-
based physics courses we measured an 8 percentage point
gender difference for White students and White Hispanic
students. These gender differences meant Black men were
more than twice as likely to be above the threshold
than Black women (7% versus 20%). In the two cases
where the absolute difference was smaller, for example,

a 3 percentage point difference for White students in
algebra-based courses, the relative difference was still
large. White men were 1.2 times as likely to be above
the threshold than White women in algebra-based physics
courses. Most of these gender differences were much larger
than the uncertainties in the measurement and the consis-
tent gender difference across 9 of the 10 comparisons
indicated society owed educational debts to women
whereby men are 20% to 290% more likely to meet the
threshold of









includes violin plots, box plots, and jittered scatter plots.
These figures used the average values for each student for
all ten imputed datasets. We included these plots because
they provide data transparency for readers and because they
break down the “gap gazing” perspective that means and
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