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Most areas of science, technology, engineering, and 
mathematics (STEM) are dominated by men, signifi-
cantly contributing to overall gender inequality in pay 

and positions of influence (Beede et al., 2011; Oh & Lewis, 
2011). Medicine, another domain of high pay and status, should 
be a countervailing force—by the end of high school, girls are 
much more likely than boys to express interest in medical careers 
(Sadler, Sonnert, Hazari, & Tai, 2012), have higher high school 
grades (Duckworth & Seligman, 2006; Perkins, Kleiner, Roey, 
& Brown, 2004), and are more likely go to college (Lopez & 
Gonzalez-Barrera, 2014; Ryan & Bauman, 2016). Other fields 
where similar asymmetrical interests exist (i.e., teaching, social 
work) are now female dominant, and 30 of the 34 Organization 
for Economic Co-operation and Development (OECD) coun-
tries have higher rates of women physicians than men. However, 
the U.S. Bureau of Labor Statistics (2017) reports that only 
about 38% of physicians and surgeons are women, placing the 
United States as 31st out of 34 OECD countries in terms of 
percentage of women physicians (OECD, 2018).

While gender differences in medical training have also been 
studied internationally (Kvaerner, Aasland, & Botten, 1999; 
Riska, 2011), gendered attrition in the pursuit of medical careers 
may be particularly problematic in countries like the United 
States, which place medicine as a postgraduate degree. Indeed, 

national data show that women are not persisting through 
undergraduate premed pathways (Fiorentine & Cole, 1992); 
women’s overrepresentation in pathways to medicine in high 
school largely disappears by the time students finish college and 
apply to medical school. However, despite these recent reports of 
growing equality by gender in medical school matriculation over 
the past decade (Association of American Medical Colleges 
[AAMC], 2017a), this parity may hide that the large attrition 
from core premedical science courses during the undergraduate 
years is not equitable by gender; if early trends in medical interest 
remained constant, women should be overrepresented in the 
medical profession, as they are in many other OECD countries. 
Further, given the documented barriers for women occurring at 
later stages of medical training and careers, and particularly from 
administrative positions and male-dominated specialties where 
women’s health issues are often relatively understudied (Bates et al., 
2016; Bickel, 2005; Johnson, Fitzgerald, Salganicoff, Wood, & 
Goldstein, 2014; Kvaerner et al., 1999), promoting equity in 
these areas is likely to require encouraging high-performing 
women to persist at levels above 1:1 gender parity, through and 
beyond the point of medical school matriculation.
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Explanations are unlikely to lie in innate biological or cogni-
tive differences related to competence in science; psychology 
research shows gender differences to be very small or exhibit rela-
tive strengths in both directions (Hyde, 2005; Kilminster, 
Downes, Gough, Murdoch-Eaton, & Roberts, 2007; Spelke, 
2005). Instead, motivational mechanisms or relative academic 
performance may provide alternative hypotheses. There is a 
wealth of evidence to suggest that students’ academic decision 
making, including course-taking behaviors, are influenced by 
expectations of success and valuation of academic pursuits and 
that these factors are related to both students’ perceptions of self 
and abilities as well as affective responses to prior academic expe-
riences (Watt, Eccles, & Durik, 2006). Studies show that as early 
as middle school, motivational factors like interest, identity, and 
especially competency beliefs in science are related to girls’ par-
ticipation in and learning of science content (Cromley, Perez, & 
Kaplan, 2016; Hazari, Sonnert, Sadler, & Shanahan, 2010; 
Vincent-Ruz & Schunn, 2017). Problematically, women may 
interpret academic feedback from grades more negatively than 
their male peers, particularly in domains that are traditionally 
male-dominated, and may be more likely to rate themselves 
lower in perceived ability despite similar levels of achievement 
(Beyer & Bowden, 1997; Eccles, 1994; Kugler et al., 2017).

Eccles’s expectancy-value theory (EVT; Eccles, 1994; Wigfield 
& Eccles, 2000) provides a helpful framework through which to 
understand how psychological factors such as interest, identity, 
and competency beliefs may interact to introduce gender differ-
ences in achievement-related choices. EVT proposes that educa-
tional and career decisions are directly influenced by both 
students’ expectations of success on a task and the subjective 
value of the task in terms of students’ intrinsic interest or enjoy-
ment (interest value), their perceived utility of the task (utility 
value), and the relationship between the task and the students’ 
sense of self (attainment value; Eccles & Wang, 2016). In course 
enrollment decisions, for example, students might consider the 
subjective value of a course based on how much they will enjoy 
it (i.e., interest; Semsar, Knight, Birol, & Smith, 2011) and 
whether or not it aligns with their felt sense of self (i.e., identity; 
Gee, 2001) as well as whether or not they expect to be successful 
in the course based on beliefs about their abilities in the subject 
(i.e., competency beliefs; Bauer, 2005). Locating and specifying 
gender differences in these three indicators of student valuation 
and expectation of success within specific courses along the pre-
med pathway could provide a first step to understanding the 
features of particular courses that influence women’s decision to 
leave medical careers. For example, are women’s decisions to 
leave certain required course sequences primarily a result of 
declining interest, perceived incompatibility between the course 
and their identity, a lack of belief in their ability, or some combi-
nation of these factors?

The predicted source of the effect is unclear. On the one 
hand, there is evidence to suggest that large differences in com-
petency beliefs or interest would not be expected within the 
high-performing populations of women typically found on a 
premed track (Eccles, 1994). Instead, some have proposed an 
alternate hypothesis, that some attrition for high-performing 
women is a function of an increased number of viable and more 
desirable alternatives available (Wang, Eccles, & Kenny, 2013). 

For example, girls perform at slightly higher levels than boys in 
non-STEM subjects in high school; this relative academic advan-
tage may increase the variety of non-STEM career options for 
women, which lowers their relative likelihood of pursuing sci-
ence careers. On the other hand, students’ academic self-concept 
has been shown to be constructed through both external and 
internal comparisons—that is, perceptions of one’s ability may 
be a function of both a comparison to others’ ability in that sub-
ject as well as to one’s own relative ability in other subjects 
(Marsh, 1986). Therefore, high academic achievement in other 
content areas compared to medicine-related courses along with a 
false perception of higher achievement by their male peers may 
result in lower competency beliefs even for high-performing 
women.

Gaining a better understanding and addressing the underly-
ing causes of gendered attrition from medical careers will likely 
require focusing on the science coursework during the years 
between high school and college graduation (Cromley et al., 
2016; Kugler et al., 2017; Morgan, Gelbgiser, & Weeden, 2013). 
Undergraduate premed typically involves four challenging two-
course science sequences (Introductory Biology 1 and 2, General 
Chemistry 1 and 2, Organic Chemistry 1 and 2, and Introductory 
Physics 1 and 2). Prior studies of premed attrition indicate that 
students perceive chemistry, biology, and physics courses as 
highly indicative of medical career success; underperformance in 
those courses may contribute to declining interest in premed 
(Barr, 2010). While prior research has shown variation in gen-
dered attrition broadly within these domains, with some (i.e., 
biology, chemistry) showing relative advantages for women and 
other domains (i.e., physics) showing relative disadvantages for 
women (Cheryan, Ziegler, Montoya, & Jiang, 2016), little is 
known about which specific premed course sequences show the 
largest gender differences in attrition and most importantly, 
what factors contribute to women leaving these courses. 
Therefore, our approach uses longitudinal analyses to answer the 
following research questions:

Research Question 1: Where do gender differences in attrition 
appear in the premed science sequence?

Research Question 2: What motivational factors may explain 
large gender gaps that may appear?

Research Question 3: Does the cumulative effect of attrition 
over the entire sequence result in gender differences in 
premed persistence?

The Current Study

In this study, we examined institutional data records from 8,253 
undergraduate students at a large undergraduate research univer-
sity enrolled in core premed course sequences within their first 
two semesters between 2008 and 2016; multiple cohorts across 
many sections ensures patterns that are not specific to a small 
number of instructors. Multiple regression analyses were used to 
observe whether women were less likely than men to enroll in 
the second course of an undergraduate premed science course 
sequence even when successful in the first course. Leaving mid-
way through a sequence is a strong and time-specific indicator of 
attrition, with recent experiences (e.g., first-course performance) 
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offering potential explanations. By contrast, modeling factors 
that influence the decision to start sequences are complicated by 
the optional order of some courses, making attrition decisions at 
that timepoint somewhat ambiguous. Our primary analyses 
examine both whether women were more likely than men to 
drop from these courses and whether some sequences (either by 
content domain or timing) showed greater differences in within-
sequence attrition by gender.

Finally, we also use graduation records to determine the pro-
portion of degrees eventually earned by students who entered and 
completed these sequences of premed courses. These analyses 
address the critical outcomes question: If women don’t persist in 
premed pathways, what degrees do they end up pursuing instead?

Methods

Sample

This retrospective multicohort study consisted of 8,253 under-
graduate students at a large urban research university in the 
Northeastern United States (henceforth, “the University”). The 
University is broadly representative of similar institutions with a 
relatively selective admission rate (approximately 60%): It offers 
over 100 undergraduate majors, the majority (60%) of students 
are from in-state, with a smaller number (5%) of international 
students, and while there is large variability in family income 
(SD = $122,000), students tend to come from higher income 
brackets (median = $111,000).

The sample included for analyses those students enrolled in 
General Chemistry 1 within the first two semesters. Importantly, 
in the sample used here, men were not more likely than women 
to pass these courses (i.e., receive an A, B, or C); small differ-
ences instead favor women in introductory biology (94% vs. 
92%, p < .01) and general chemistry (96% vs. 94%, p < .05). 
Therefore, differential failure rates would not account for wom-
en’s higher levels of attrition in the overall pathway. We therefore 
were interested in whether observed gender differences in attri-
tion for this group of students could be explained by relative 
academic strengths and weaknesses in STEM and non-STEM 
disciplines or by motivational factors such as competency beliefs, 
science identity, and science fascination.

An 8-year window was used to ensure generalizability across 
student cohorts and instructors. The racial and ethnic diversity 
of our sample roughly mirrored that of the University as a whole; 
students were predominantly White (71%), with Asian (15%) 
and Black or Hispanic (9%) students making up the next two 
largest ethnic groups. The primary predictor variable, gender, 
was coded as 1 if the student self-identified as female (57%) and 
0 if the student self-identified as male (43%). In-course surveys 
established that overall, 63% of these students planned on going 
to medical school. Of those intending to go to medical school, 
65% were women. All University data were provided for analysis 
with Institutional Review Board approval.

Measures

Course variables. Primary outcome variables included four 
binary measures of enrollment (1 = enrolled, 0 = not enrolled) 
in each of the second courses of the four pairs of courses of the 

core premed sequence: Introductory Biology 2, General Chem-
istry 2, Organic Chemistry 2, and Introductory Physics 2. To 
analyze how performance in the first course of a sequence was 
related to students’ persistence to the next course, only students 
also enrolled in the prior course at the University were in analy-
ses of each course sequence. It is important to note here that 
while not mandatory, this series of premed science courses rep-
resents a progression that is common to premed tracks across 
multiple institutions (AAMC, 2017b), was highly recommended 
by pre-health advisors at the University, and was the most com-
monly observed progression in our data. Therefore, while it is 
possible that a student, for example, entered Organic Chemistry 
1 and Physics 1 without entering Organic Chemistry 2, this 
occurred in less than 4% of our data set, and thus the experi-
ences with later sequence courses would rarely influence earlier 
sequence courses. Further, any effects from gendered selection at 
earlier points would logically lead to a smaller effect in later 
courses as women with a propensity to leave premed would not 
be present in later course sequences. However, the size of the 
effects in organic chemistry and physics were comparable, argu-
ing against selective attrition as the source of the observed tem-
poral pattern regardless of the order of these courses.

A binary measure of students sitting the MCAT exam was 
also included. These analyses focused on students who com-
pleted the full combination of all four core sequences and an 
additional elective course (either biochemistry or chemical biol-
ogy). These “premed courses” are typically taken by premed stu-
dents, make up the content of the MCAT exam, and were not a 
required combination to earn any other degree. Enrollment in 
these courses was highly predictive of taking the MCAT; odds of 
taking the MCAT in students completing this combination were 
about 8.6 times higher than those not completing them, odds 
ratio [OR] = 8.62, 95% CI [7.10, 10.46], z = 21.76, p < .001.

Academic covariates. Academic variables consisted of students’ 
highest SAT math, verbal, and writing scores, Advanced Place-
ment credits and scores, and cumulative high school GPA. Two 
ratio variables were calculated to represent strengths in courses 
outside of the premed track relative to their premed science 
courses: social sciences and arts and humanities. Social science 
ratios were calculated as the mean GPA of all courses within 
anthropology, psychology, sociology, economics, and political 
science divided by the mean GPA of all premed science courses. 
Arts and humanities courses were calculated as the mean GPA of 
all courses taken within English, history, African Studies, arts, 
music, theater, and various languages divided by the mean GPA 
of all premed science courses. For attrition analyses, these disci-
pline-specific ratios were calculated using only courses prior to 
the point of premed attrition (see Table 1).

Motivational covariates. Motivational data were collected from a 
subset of 520 students during the first 3 weeks of Organic 
Chemistry 1 (i.e., prior to the first summative assessment) for 
in-depth analysis of the largest gender effect and consisted of 
chemistry fascination (e.g., “I want to know everything I can 
about chemistry”), chemistry competency beliefs (e.g., “I can 
usually figure out a way to solve chemistry problems”), and sci-
ence identity (e.g., “I think of myself as a ‘science person’”), 
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adapted from the Colorado Learning Science Survey for Use in 
Chemistry (CLASS-Chem; Semsar et al., 2011), the Chemistry 
Self-Concept Inventory (CSCI; Bauer, 2005), and a science 
identity survey (Hazari et al., 2010). Items were rated on a 
4-point Likert scale (strongly agree, agree, disagree, strongly dis-
agree) and calculated as a mean score (see Table 1). Reliability for 
all items ranged from moderate to good. In terms of discrim-
inability, the highest correlation was between fascination and 
competency beliefs, showing a moderate correlation of r = .55, 
consistent with previous reports in the literature (Bauer, 2005; 
Vincent-Ruz & Schunn, 2017; see Supplementary Materials, 
Table S1, available on the journal website). A single binary indi-
cator of intent to pursue a medical career (yes = 1, no = 0) was 
also collected in General Chemistry 1 and Organic Chemistry 1.

Degrees earned. Bachelor’s degrees earned by students in the sam-
ple were gathered from University historical data and coded across 
498 unique degree combinations into seven general degree catego-
ries: health, social science, arts and humanities, science, math, 
engineering, and business (see Supplementary Materials, Table S2, 
available on the journal website, for a detailed coding scheme).

Procedure

For sequence completion and MCAT enrollment analyses, a mul-
ticohort longitudinal data set was analyzed using a series of multi-
variate logistic regressions in Stata 15. Large, multicohort data sets 
enable discovery of generalizable patterns unlikely to be specific to 
particular instructional styles, course structure, teaching assistants, 
or cohorts of students. However, cohorts may also differ and pro-
duce confounds in the analyses; to control for general cohort 
effects, we also included a model using each student’s starting aca-
demic term as a single continuous cohort covariate in our analyses. 
Each regression model was built showing direct, uncontrolled 
effects of gender on each outcome variable (uncontrolled). Next, 
two groups of covariates were added one by one to determine if 

different academic factors influenced gender differences: relative 
STEM academic strengths (STEM) and non-STEM relative aca-
demic strengths (non-STEM). For each model, covariates were 
only included as potential mediators of the gender effect if they 
were significantly correlated with gender. An alpha level of .01 was 
used for all exploratory analyses of the large data set.

To understand potential motivational mechanisms, we col-
lected additional data via online surveys from multiple sections of 
organic chemistry, the sequence with the largest gendered attri-
tion. Using mediation analysis, we tested whether the relationship 
between gender and enrolling in the second course was mediated 
by each attitudinal factor (i.e., fascination, science identity, com-
petency beliefs) or all three. A generalized linear estimator was 
implemented using the lavaan package in R (Rosseel, 2012) to 
more accurately model binary outcomes. An alpha level of .05 was 
used for this focused analysis of the smaller survey data set.

Finally, because course attrition may be related to career path-
ways through the type of degree earned, logistic regressions were 
performed on each degree category using gender as a predictor. 
In addition, because students enter medical school from many 
undergraduate degrees but some may be more common path-
ways, percentages of students who took the MCAT within each 
degree category by gender were also examined using logistic 
regression, with taking the MCAT as the outcome and degree 
type earned as the predictor.

Results

Overall, attrition by prior course grade showed the expected 
trend; both male and female students with higher grades were far 
more likely overall to continue to the next course, with fewer 
than .01% of students earning a D or F continuing on to take 
the second course of any sequence or the MCAT (see 
Supplementary Materials, Table S3, available on the journal 
website). Further, across all course sequences, there were no sig-
nificant differences in attrition by gender for students in these 

Table 1
Descriptive Statistics of All STEM, Non-STEM, and Motivational Covariates by Gender

Female Male

 N M SD Minimum Maximum N M SD Minimum Maximum

STEM AP scorea 4,686 0.28 0.01 0 1 3,567 0.33 0.01 0 1
STEM AP credit 4,686 1.1 1.4 0 9 3,567 1.3 1.6 0 10
SAT math 4,411 642 69 410 800 3,399 665 67 440 800
Non-STEM AP scorea 4,686 0.3 0.01 0 1 3,567 0.28 0.01 0 1
Non-STEM AP credit 4,686 1.3 1.6 0 11 3,567 1.1 1.6 0 9
SAT verbal 4,411 639 73 390 800 3,399 633 72 400 800
SAT writing 4,643 623 71 380 800 3,524 605 74 390 800
High school GPA 4,676 4.0 0.5 0 9 3,562 3.9 0.5 0 7
Arts and humanities ratio 4,494 1.5 0.6 0 9 3,399 1.4 0.6 0 10
Social sciences ratio 4,367 1.4 0.5 0 8 3,253 1.3 0.5 0 9
Fascination 322 2.9 0.6 1 4 197 3.1 0.6 2 4
Competency beliefs 321 2.8 0.5 1 4 197 3.0 0.5 2 4
Science identity 320 3.6 0.4 2 4 197 3.4 0.5 2 4
Medical career interest 322 0.59 0.03 0 1 198 0.55 0.03 0 1

aAP score defined as proportion of AP Exams earning more than 3 out of 5, a common threshold for acceptance for university course equivalence.
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lowest grade ranges; therefore, the analyses focus on students 
earning a C or higher. No significant differences were found 
between female and male attrition from course sequences typi-
cally taken in the first year, intro biology (89% vs. 91%, p = .14; 
see Figure 1A) and general chemistry (88% vs. 88%, p = .91; see 
Figure 1B). However, in course sequences typically taken in the 
second year (organic chemistry) and third year (physics), signifi-
cant differences were found between males and females. But this 
gendered attrition difference was only found in students who 
received an A or B in the prior course, with women having sig-
nificantly lower odds than men of continuing to Organic 
Chemistry 2 (89% vs. 96%, p < .001) and Physics 2 (82% vs. 
88%, p < .001). That is, women receiving an A or B in advanced 
courses on the premed track were approximately 2.9 times less 
likely than similarly performing men to continue to the next 
organic chemistry course (see Figure 1C) and about 1.7 times 
less likely to continue to the next physics course (see Figure 1D).

There was also large gendered attrition of high performers 
taking the MCAT after having completed all the sequences; the 

odds of taking the MCAT after having received an A or B in the 
full set of premed courses were about two times lower for females 
than males (32% vs. 47%, p < .001; see Figure 1E). Overall, the 
gender proportion shifts from almost 2:1 female-to-male stu-
dents intending med school at the beginning of their first semes-
ter at university to 3:4 female-to-male taking the MCAT (see 
Figure 1F). That is, differential losses by gender throughout the 
premed sequence cumulatively produce a large gender effect 
overall.

Models testing for cohort effects showed a small overall nega-
tive linear trend (i.e., overall lower retention for later cohorts), 
with significant cohort effects found only in general chemistry, 
physics, and taking the MCAT; however, these effects were not 
strong enough to meaningfully change the estimates for gender 
differences in these courses (i.e., adjusted effects were not out-
side the 95% CI of the uncontrolled model), and so we pro-
ceeded without this covariate in our subsequent modeling (see 
Supplementary Materials, Table S4, available on the journal 
website, for model details).

FIGURE 1. Gendered attrition on the path to medical school.
Note. (A–D) Proportion of passing students entering each second course in the four core science sequences and (E) taking the MCAT 
by gender and grade in prior course(s). (F) Estimated numbers of entering students intending medical school and taking the MCAT.
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To better understand which academic preparation and perfor-
mance variables might explain persistence differences, we first 
tested which academic covariates generally predicted persistence in 
organic chemistry, the course sequence with the largest gender 
gap. All tested covariates were correlated with overall persistence as 
expected (see Supplementary Materials, Table S5, available on the 
journal website, for the full correlation table). Because strong cor-
relations were shown among some of our covariates, we examined 
variance inflation factors (VIFs) to check for multicollinearity in 
those predictors; all VIFs were shown to be below 2.5, a conserva-
tive threshold for multicollinearity with such a large sample size 
(O’Brien, 2007; see Supplementary Materials, available on the 
journal website, Table S6). We also tested for gender differences in 
the extent to which each academic variable predicted persistence, 
based on prior research showing differential reactions to negative 
grade feedback (Beyer & Bowden, 1997)—that is, do some aca-
demic variables matter more for women than men?

Analyses showed lower odds for women than men (1:1.3) of 
continuing to Organic Chemistry 2 in the middle two quartiles of 
high school GPA range (42% vs. 49%, p < .001). However, 
women in the highest two quartiles of SAT math had slightly 
higher odds than men (1.2:1) of continuing to organic chemistry 
(61% vs. 55%, p < .01). Across both genders, students with a 
higher relative GPA in either social sciences or arts and humanities 
have lower odds of continuing to Organic Chemistry 2. While 
there were no gender differences for students with the highest and 
lowest range of these ratios, women in the third quartile of the 
social sciences ratio showed lower odds (1:1.7) of continuing than 
men (79% vs. 86%, p < .01), and women in the second quartile 
of the arts and humanities ratio had lower odds (1:2.2) of continu-
ing than men (86% vs. 93%, p < .001). Therefore, some aca-
demic variables favor men persisting in premed, but others favor 

women’s persistence (see Supplementary Materials, available on 
the journal website, Figure S1 for a summary).

To then test the extent to which these relative academic 
strengths and weaknesses explained (i.e., mediated) the differential 
attrition by gender across all course sequences, we included aca-
demic covariates (i.e., AP scores, SAT scores, high school GPA, 
recent course performance) representing both STEM and non-
STEM strengths in each sequence-continuation regression model 
(see Supplementary Materials, available on the journal website, 
Table S7 for model details). While overall including STEM vari-
ables slightly decreased women’s relative attrition and including 
non-STEM variables slightly increased relative attrition as sug-
gested in the literature (Wang et al., 2013), these effects did not 
differ significantly from the uncontrolled model (see Figure 2).

Resulting models still showed lower odds of women continu-
ing to Organic Chemistry 2 when including relative strengths in 
both STEM (91% vs. 96%, p < .001) and non-STEM (90% vs. 
96%, p < .001). Similarly, lower odds for women continuing to 
Physics 2 remained when including relative strengths in STEM 
(84% vs. 90%, p < .001) and non-STEM (82% vs. 89%, p < 
.001). Finally, women had lower odds relative to men of taking 
the MCAT exam (including only students who had completed all 
premed courses) both when controlling for relative strengths in 
STEM (35% vs. 49%, p < .001) and non-STEM (33% vs. 48%, 
p < .001). In sum, differential attrition effects by gender were 
not explained by relative academic strengths and weaknesses.

The next set of analyses tested a mediation hypothesis using a 
subset of A and B students (N = 335) surveyed in several course 
offerings of Organic Chemistry 1. These models included attitu-
dinal survey variables (chemistry fascination, chemistry compe-
tency beliefs, and science identity) as possible mediators between 
gender and enrolling in Organic Chemistry 2 as well as a binary 

FIGURE 2. Changes in relative size of gender effect, with explanatory variables.
Note. Odds ratio of women compared to men for entering a second course in sequence after receiving an A or B in the prior course, 
overall, and after controlling for relative strength in STEM and non-STEM academics, with standard error bars shown.
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indicator of intent to pursue a medical career for students receiv-
ing A and B grades in the prior course. Medical career intent was 
not significantly correlated with either gender (p = .72) or reten-
tion to organic chemistry 2 (p = .58). Overall, this sample also 
showed significantly lower odds of women continuing to 
Organic Chemistry 2 (74% vs. 84%, p < .05). Interestingly, 
mediation of this gendered attrition through chemistry fascina-
tion was not significant, while mediation through science iden-
tity was a smaller effect and in the wrong direction (i.e., predicted 
greater female enrollment in Organic 2); therefore, these paths 
were trimmed from the final model.

Mediation analyses revealed that chemistry competency 
beliefs, which showed the largest gender difference and the 
strongest connection to Organic Chemistry 2 enrollment, was 
the primary mediator (see Figure 3). When only chemistry com-
petency beliefs are included in the mediation model (see Figure 
3, coefficients in parentheses), the initial direct relationship 
between gender and enrollment is no longer significant (76% vs. 
84%, p = .10). Further, there is a significant negative correlation 
between gender and chemistry competency beliefs (p < .001), 
meaning that women are more likely to respond with lower rat-
ings of their beliefs in their chemistry ability. Also, there is a 
positive correlation between chemistry competency beliefs and 
enrollment in Organic Chemistry 2 (p < .001), meaning that 
higher ratings of chemistry competency beliefs are correlated 
with a higher likelihood of continuing to Organic Chemistry 2. 
This significant indirect pathway suggests that the initially 
observed direct effect of gender on enrollment in Organic 
Chemistry 2 is at least partially explained by women’s lower 
competency beliefs in chemistry (Baron & Kenny, 1986).

Finally, additional logistic regressions were performed to deter-
mine whether there were gender differences in the type of under-
graduate degree earned (indicative of career pathways directed 

away from medicine). Similar to broader studies of undergraduate 
degree earning (Morgan et al., 2013), women in our sample were 
more likely than men to earn degrees in health, social sciences, and 
arts and humanities but less likely than men overall to earn degrees 
in science, math, engineering, or business (see Figure 4A). Results 
showed that even in this large sample of students intending medi-
cal school and likely taking many science courses, women’s odds 
were 1.3 times lower than men for earning a science degree (26% 
vs. 32%, p < .001), and students earning science degrees made up 
77% of MCAT-takers. Instead, women’s odds of earning an 
undergraduate health degree were 2.4 times higher than men 
(21% vs. 10%, p < .001), one of the least likely groups to take the 
MCAT (see Figure 4B). Further, even women earning science 
degrees were less likely to take the MCAT than men (17% vs. 
28%, p < .001). Thus, women commonly pursued a career in 
broader health fields but in lower paying, lower status positions 
relative to their initial medical school intentions. When examining 
subcategories of science (i.e., degrees earned in biology, chemistry, 
or physics), our findings follow national trends, with women 
equally likely to earn biology degrees as men (Cheryan, Ziegler, 
Montoya, & Jiang, 2016); however, those women were still less 
likely than their male counterparts to continue to take the MCAT 
(see Supplementary Materials, available on the journal website, 
Table S8 for model details). Similar patterns held when including 
only students who consistently obtained an A or B across each of 
the course sequences, ruling out differential attrition from poor 
course performance (see Supplementary Materials, available on 
the journal website, Table S9 for model details).

Discussion

Gender equity is currently a central problem in the United States, 
particularly in science, but also broadly in all high-status and 

FIGURE 3. Mediating role of competency beliefs on gendered attrition in organic chemistry.
Note. Mediation analysis with logit regression coefficients shown for students earning an A or B in the first course, including all 
motivation variables (and with competency beliefs only).
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high-pay positions. This study brings into focus a large contributor 
to this overall problem that has received relatively little prior atten-
tion: gender equity in premedicine, a pathway to one of the largest 
high-status, high-pay science workforce sectors in the United 
States. Prior work often fundamentally mischaracterizes the current 
situation as one of parity between men and women entering medi-
cal school—yet for a number of reasons that we have presented, 
medicine should be heavily dominated by women. Therefore, par-
ity in medical schools represents an outcome that is far from ideal. 
Our analyses provide critical insight into the clear trend of gen-
dered attrition that can be observed through the comparison of 
national career interest data for students exiting high school with 
national entering demographics of medical schools. We find that 
only later premed courses and the step of choosing to sit the 
MCATs after completing all required courses show large gender 
biases in attrition. Importantly, these effects were found primarily 

for high-performing women, and these effects were partially medi-
ated by differences in competency beliefs. While many previous 
studies have highlighted the importance of competency beliefs in 
STEM persistence, our findings uniquely locate this effect to the 
group of high-performing women in premed; the effect found here 
is therefore unlikely to be one of differential reaction to failure feed-
back from formal grades, a commonly offered explanation.

These findings have a number of implications. First, for this 
population, we have shown that previously offered hypotheses of 
gendered attrition as a function of relative successes in non-
STEM academic areas or relative weaknesses in STEM do not 
hold for our sample. While both men and women are influenced 
by relative academic performance, this effect does not dispropor-
tionately impact women. Instead, the current data support an 
alternative hypothesis related to motivational factors. Yet this 
observed mediation of competency beliefs is also not a simple 

FIGURE 4. Proportions of (A) degrees types earned by gender and (B) the probability of taking the MCAT within each degree type by 
gender, with standard error bars shown.
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replication of past research: a general effect of competency beliefs 
would have predicted gendered attrition that was equally large 
across performance levels due to preexisting differences in com-
petency beliefs (Vincent-Ruz, Binning, Schunn, & Grabowski, 
2018) or gendered attrition only in the C and B range due to 
differential reaction to failure feedback based on grades (Kugler 
et al., 2017). One possible interpretation of the strong media-
tion effect of competency beliefs for women who earn an A or B 
in our data might be related to the perception of the relative 
effort required to earn those grades in these environments. 
Especially in science courses, where stereotype threats are often 
particularly noticeable for women, the level of effort required to 
achieve high grades in these courses may be highly salient and 
attributed to a lack of ability. Future work incorporating addi-
tional components of expectancy value theory could help to 
identify these other important factors of women’s course-taking 
decisions. For example, understanding students’ interpretation 
of the various costs (e.g., psychological costs, opportunity costs) 
associated with continuing through the premed track as well as 
their perception of gendered sociocultural norms associated with 
premedical study at their institution could further inform inter-
vention. Indeed, some research has shown evidence that all stu-
dents are likely to perceive incongruity between STEM careers 
and family caregiving as they get older; while no gender differ-
ences in these evaluations were found for college-aged students, 
structural factors such as family planning may influence women’s 
decisions to continue in a medical career at much later points 
(Eccles & Wang, 2016; Weisgram & Diekman, 2017).

Overall, regarding women’s premed attrition, this study has 
advanced understanding of gendered attrition in this very large 
STEM-focused group:

•• Previously offered explanations shown not to hold for our 
sample:

|| relative academic weakness in STEM;
|| relative academic strength in non-STEM;
|| differential changes in competency beliefs due to differ-

ential reaction to failure feedback based on grades; and
|| differences in competency beliefs prior to arriving at 

university.
•• Alternate explanation supported:

|| differential change in competency beliefs due to fac-
tors other than success.

It now becomes important to examine the ways in which this 
phenomenon may be moderated by instructional and institution 
factors. For example, the particular institution studied was a mod-
erately selective, large, co-ed, urban school, with a student body 
that was relatively homogenous by ethnicity. Looking at premed 
attrition at universities that are more or less selective, located in 
nonurban areas, more or less ethnically diverse, of a different size, 
or single gender may reveal interesting variation in gendered attri-
tion along the premed pathway. A multiinstitutional approach 
that intentionally incorporates schools with different premed 
course sequences could also address a potential limitation of the 
current study by examining if similar attrition patterns exist in 
organic chemistry and physics in universities where this particular 

premed course combination is less common. Additionally, as this 
work points to the importance of motivational factors rather than 
relative academic strengths and weaknesses, exploring a wider 
range of motivational constructs that could be related to gendered 
attrition might offer a deeper understanding of the underlying 
mechanisms that contribute to gendered attrition in premed and 
how these interact with particular premed science courses. For 
example, we hypothesize that the effects found in organic chemis-
try are related to the pervasive perception of this course among 
students and faculty as a “gatekeeper course” that is predictive of 
success in medical careers, making gender-based stereotypes par-
ticularly salient (Barr, Gonzalez, & Wanat, 2008). It may also be 
that for strong students, the particular content of Organic 
Chemistry 2 is much different from the content of the other 
chemistry courses in which they had positive experiences with up 
to that point, which may further lower their competency beliefs 
and contribute to attrition decisions. These considerations will be 
important in the development of targeted interventions that help 
support women in persisting along this trajectory, which could 
additionally provide opportunities to formally test causal hypoth-
eses relating to gendered premed attrition.

Maintaining the high ratio of women showing interest in 
medicine is integral to improving innovation in the medical field 
and improving equity within health-related professions (Bates et al., 
2016; Bickel, 2005; Kvaerner et al., 1999; Reed & Buddeberg-
Fischer, 2001) and society more broadly. There is an increasing 
need for a larger and more diverse STEM workforce including 
more women (Page, 2007). Like gendered attrition found in 
other fields (i.e., engineering, computer science), losing women 
from highly influential and higher salaried positions in health 
care represents a loss in potential contributions to the field and 
perpetuates problematic wage and power inequities across male-
dominated versus female-dominated health professions (Beede 
et al., 2011; Oh & Lewis, 2011). Further, medical research often 
fails to account for sex-based health differences, sometimes lead-
ing to misdiagnoses (Johnson et al., 2014; Mazure & Jones, 
2015), and patients who see female physicians may receive 
higher quality care in general (Tsugawa et al., 2017) and particu-
larly regarding women’s health issues (Siriwardena et al., 2012). 
Maintaining early medical school interest, particularly for high-
performing female students, could address these concerns by 
increasing the number of female physicians occupying high-level 
positions in various medical specialties.

However, we also acknowledge that while this study attends 
to a “supply-side” explanation of women’s representation in the 
medical profession, we believe this to be an important but not 
sufficient condition for alleviating gender inequities in medi-
cine, particularly in specialty fields. There are also significant 
structural barriers for women within medical institutions on the 
“demand-side,” such as workplace harassment and discrimina-
tory hiring practices, that limit women’s advancement in male-
dominated specialty areas (Boulis & Jacobs, 2008; Davis & 
Allison, 2013). Therefore, gender equity will require both 
increased representation and a concurrent dismantling of dis-
criminatory practices that prevent women from reaching leader-
ship positions in these fields and perpetuate the perception of 
some medical specialties as inhospitable workplaces for women.
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Conclusion

Our analyses provide evidence from a large, multicohort study of 
undergraduate premedical students using a large institutional 
data set to understand where differential losses by gender occur 
along the undergraduate premed pathway. Further, we present a 
method for applying a broad range of prior and concurrent aca-
demic ability and motivation data to characterize the nature of 
this attrition in depth, demonstrating some common explana-
tions of this phenomenon that fail to hold in our sample and 
suggesting alternate models that provide strong explanatory 
power and favor a hypothesis offering a greater potential for 
intervention. This provides a strong and simple metric for other 
institutions interested in identifying potential sources of gen-
dered attrition in premed science courses, namely, focusing on 
continuation of students who earn an A or B within these core 
course sequences by gender. Important to note is that these find-
ings also show evidence that this phenomenon has implications 
for the overall numbers of science undergraduate degrees for 
women. Further, by identifying courses in which these gaps are 
most problematic and providing evidence against absolute and 
relative academic performance explanations, this study provides 
a foundation for interventions focused on addressing underlying 
causes (e.g., gender role models, Rosenthal, Levy, London, 
Lobel, & Bazile, 2013; Sanfey, 2006; and negative instructor and 
peer messages, Archer et al., 2012; Schunk & Meece, 2006; 
Vincent-Ruz & Schunn, 2017; Zohar & Bronshtein, 2005) and 
directly targeting motivational factors that appear to be instru-
mental in large gender gaps found in organic chemistry, intro-
ductory physics, and taking the MCAT.

ORCID IDS

Eben B. Witherspoon  https://orcid.org/0000-0003-0987-3679

Paulette Vincent-Ruz  https://orcid.org/0000-0002-8244-8700

NOTE

The authors declare no competing interests. This study was sup-
ported by research grant Division of Undergraduate Education (DUE) 
1524575 from the National Science Foundation.

REFERENCES

Archer, L., Dewitt, J., Osborne, J., Dillon, J., Willis, B., & Wong, B. 
(2012). “Balancing acts": Elementary school girls’ negotiations of 
femininity, achievement, and science. Science Education, 96(6), 
967–989. doi:10.1002/sce.21031

Association of American Medical Colleges. (2017a). AAMC FACTS 
table (No. Tab. A-1). Retrieved from https://www.aamc.org/data/
facts/applicantmatriculant/

Association of American Medical Colleges. (2017b). Required pre-
medical coursework and competencies. Retrieved from https://
students-residents.aamc.org/choosing-medical-career/article/
required-premedical-coursework-and-competencies/

Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator vari-
able distinction in social psychological research: Conceptual, stra-
tegic, and statistical considerations. Journal of Personality and Social 
Psychology, 51(6), 1173–1182. doi:10.1037/0022-3514.51.6.1173

Barr, D. A. (2010). Questioning the premedical paradigm: Enhancing 
diversity in the medical profession a century after the Flexner report. 
Baltimore, MD: Johns Hopkins University Press.

Barr, D. A., Gonzalez, M. E., & Wanat, S. F. (2008). The leaky pipe-
line: Factors associated with early decline in interest in premedical 
studies among underrepresented minority undergraduate students. 
Academic Medicine: Journal of the Association of American Medical 
Colleges, 83(5), 503–511. doi:10.1097/ACM.0b013e31816bda16

Bates, C., Gordon, L., Travis, E., Chatterjee, A., Chaudron, L., 
Fivush, B., . . . Moses, A. (2016). Striving for gender equity in 
academic medicine careers. Academic Medicine, 91(8), 1050–1052. 
doi:10.1097/ACM.0000000000001283

Bauer, C. F. (2005). Beyond “student attitudes”: Chemistry Self-
Concept Inventory for assessment of the affective component of 
student learning. Journal of Chemical Education, 82(12), 1864. 
doi:10.1021/ed082p1864

Beede, D., Julian, T., Langdon, D., McKittrick, G., Khan, B., & 
Doms, M. (2011). Women in STEM: A gender gap to innovation 
(No. Issue Brief 04-11). Retrieved from http://doi.org/10.2139/
ssrn.1964782

Beyer, S., & Bowden, E. M. (1997). Gender differences in self-per-
ceptions: Convergent evidence from three measures of accuracy 
and bias. Personality and Social Psychology Bulletin, 23, 157–172. 
doi:10.1177/0146167297232005

Bickel, J. (2005). Gender equity in undergraduate medical educa-
tion : A status report. Journal of Women’s Health & Gender-Based 
Medicine, 10(3), 261–270.

Boulis, A. K., & Jacobs, J. A. (2008). The changing face of medicine: 
Women doctors and the evolution of health care in America. Ithica, 
NY: Cornell University Press.

Cheryan, S., Ziegler, S. A., Montoya, A., & Jiang, L. (2016). Why are 
some STEM field more gender balanced than others? Psychological 
Bulletin, 142(206), 1–131. doi:10.1037/bul0000052

Cromley, J. G., Perez, T., & Kaplan, A. (2016). Undergraduate STEM 
achievement and retention: Cognitive, motivational, and institu-
tional factors and solutions. Policy Insights from the Behavioral and 
Brain Sciences, 3(1), 4–11. doi:10.1177/2372732215622648

Davis, G., & Allison, R. (2013). Increasing representation, maintain-
ing hierarchy: An assessment of gender and medical specialization. 
Social Thought and Research, 32, 17–45.

Duckworth, A. L., & Seligman, M. E. P. (2006). Self-discipline gives 
girls the edge: Gender in self-discipline, grades, and achievement 
test scores. Journal of Educational Psychology, 98(1), 198–208. 
doi:10.1037/0022-0663.98.1.198

Eccles, J. S. (1994). Understanding women’s educational and occupa-
tional choices. Psychology of Women Quarterly, 18(4), 585–609. 
doi:10.1111/j.1471-6402.1994.tb01049.x

Eccles, J. S., & Wang, M. Te. (2016). What motivates females 
and males to pursue careers in mathematics and science? 
International Journal of Behavioral Development, 40(2), 100–106. 
doi:10.1177/0165025415616201

Fiorentine, R., & Cole, S. (1992). Why fewer women become physi-
cians: Explaining the premed persistence gap. Sociological Forum, 
7(3), 469–496. doi:10.1007/BF01117557

Gee, J. P. (2001). Identity as an analytic lens for research in education. 
Review of Research in Education, 25, 99–125.

Hazari, Z., Sonnert, G., Sadler, P. M., & Shanahan, M.-C. (2010). 
Connecting high school physics experiences, outcome expec-
tations, physics identity, and physics career choice: A gender 
study. Journal of Research in Science Teaching, 47(8), 978–1003. 
doi:10.1002/tea.20363

Hyde, J. S. (2005). The gender similarities hypothesis. The American 
Psychologist, 60(6), 581–592. doi:10.1037/0003-066X.60.6.581

Johnson, P. A., Fitzgerald, T., Salganicoff, A., Wood, S., & Goldstein, 
J. (2014). Sex-specific medical research: Why women’s health can’t 
wait. Retrieved from https://www.brighamandwomens.org/



MONTH XXXX    11

Departments_and_Services/womenshealth/ConnorsCenter/
Policy/ConnorsReportFINAL.pdf

Kilminster, S., Downes, J., Gough, B., Murdoch-Eaton, D., & Roberts, 
T. (2007). Women in medicine—Is there a problem? A literature 
review of the changing gender composition, structures and occu-
pational cultures in medicine. Medical Education, 41(1), 39–49. 
doi:10.1111/j.1365-2929.2006.02645.x

Kugler, A. D., Tinsley, C. H., Akerlof, G., Autor, D., Butcher, K., Figlio, 
D., . . . Lavy, V. (2017). Choice of majors: Are women really different 
from men? (Working Paper No. 23735, National Bureau of Economic 
Research). Retrieved from http://www.nber.org/papers/w23735

Kvaerner, K. J., Aasland, O. G., & Botten, G. S. (1999). Female medi-
cal leadership: Cross sectional study. BMJ (Clinical Research Ed.), 
318(7176), 91–94. doi:10.1136/bmj.318.7176.91

Lopez, M. H., & Gonzalez-Barrera, A. (2014). Women’s college enrollment 
gains leave men behind. Retrieved from http://pewrsr.ch/1qckLFE

Marsh, H. W. (1986). Verbal and math self-concepts: An internal/
external frame of reference model. American Educational Research 
Journal, 23(7), 129–149. doi:10.3102/00028312023001129

Mazure, C. M., & Jones, D. P. (2015). Twenty years and still count-
ing: including women as participants and studying sex and gen-
der in biomedical research. BMC Women’s Health, 15(1), 94. 
doi:10.1186/s12905-015-0251-9

Morgan, S. L., Gelbgiser, D., & Weeden, K. A. (2013). Feeding the 
pipeline: Gender, occupational plans, and college major selec-
tion. Social Science Research, 42(4), 989–1005. doi:10.1016/j.ssre-
search.2013.03.008

O’Brien, R. M. (2007). A caution regarding rules of thumb for vari-
ance inflation factors. Quality and Quantity, 41(5), 673–690. 
doi:10.1007/s11135-006-9018-6

Oh, S. S., & Lewis, G. B. (2011). Stemming inequality? Employment 
and pay of female and minority scientists and engineers. Social 
Science Journal, 48(2), 397–403. doi:10.1016/j.soscij.2010.11.008

Organization for Economic Co-operation and Development. (2018). 
Health care resources. Retrieved from https://stats.oecd.org/
viewhtml.aspx?datasetcode=HEALTH_REAC&lang=en#

Page, S. (2007). The difference: How the power of diversity creates bet-
ter groups, firms, schools, and societies. Princeton, NJ: Princeton 
University Press.

Perkins, R., Kleiner, B., Roey, S., & Brown, J. (2004). The high 
school transcript study: A decade of change in curricula and 
achievement, 1990–2000. Retrieved from https://nces.ed.gov/
pubs2004/2004455.pdf

Reed, V., & Buddeberg-Fischer, B. (2001). Career obstacles for women 
in medicine: An overview. Medical Education, 35(2), 139–147. 
doi:10.1046/j.1365-2923.2001.00837.x

Riska, E. (2011). Gender and medical careers. Maturitas, 68(3), 264–
267. doi:10.1016/j.maturitas.2010.09.010

Rosenthal, L., Levy, S. R., London, B., Lobel, M., & Bazile, C. (2013). 
In pursuit of the MD: The impact of role models, identity com-
patibility, and belonging among undergraduate women. Sex Roles, 
68(7–8), 464–473. doi:10.1007/s11199-012-0257-9

Rosseel, Y. (2012). lavaan: An R package for structural equation mod-
elingle. Journal of Statistical Software, 48(2), 1–36. doi:10.18637/
jss.v048.i02

Ryan, C. L., & Bauman, K. (2016). Educational attainment in the 
United States: 2015 population characteristics (No. P20-578). 

Retrieved from https://www.census.gov/content/dam/Census/
library/publications/2016/demo/p20-578.pdf

Sadler, P. M., Sonnert, G., Hazari, Z., & Tai, R. (2012). Stability and 
volatility of STEM career interest in high school: A gender study. 
Science Education, 96(3), 411–427. doi:10.1002/sce.21007

Sanfey, H. A. (2006). Influences on medical student career 
choice. Archives of Surgery, 141(11), 1086. doi:10.1001/arch-
surg.141.11.1086

Schunk, D. H., & Meece, J. L. (2006). Self-efficacy development in 
adolescence. In F. Pajares & T. Urdan (Eds.), Self-efficacy beliefs 
of adolescents (pp. 71–96). Greewich, CT: Information Age 
Publishing.

Semsar, K., Knight, J. K., Birol, G., & Smith, M. K. (2011). The 
Colorado Learning Attitudes About Science Survey (CLASS) 
for use in biology. CBE Life Sciences Education, 10(3), 268–278. 
doi:10.1187/cbe.10-10-0133

Siriwardena, A. N., Irish, B., Asghar, Z. B., Dixon, H., Milne, P., 
Neden, C., . . . Blow, C. (2012). Comparing performance among 
male and female candidates in sex-specific clinical knowledge in 
the MRCGP. British Journal of General Practice, 62(599), 446–
450. doi:10.3399/bjgp12X649142

Spelke, E. S. (2005). Sex differences in intrinsic aptitude for mathemat-
ics and science?: A critical review. The American Psychologist, 60(9), 
950–958. doi:10.1037/0003-066X.60.9.950

Tsugawa, Y., Jena, A. B., Figueroa, J. F., Orav, E. J., Blumenthal, 
D. M., & Jha, A. K. (2017). Comparison of hospital mortality 
and readmission rates for medicare patients treated by male vs 
female physicians. JAMA Internal Medicine, 177(2), 206–213. 
doi:10.1001/jamainternmed.2016.7875

U.S. Bureau of Labor Statisics. (2017). Women in the labor force : A 
databook (Rep. No. 1065). Retrieved from http://www.bls.gov/
cps/wlf-databook-2010.pdf

Vincent-Ruz, P., Binning, K., Schunn, C. D., & Grabowski, J. (2018). 
The effect of math SAT on women’s chemistry competency 
beliefs. Chemistry Education Research and Practice, 19, 342–351. 
doi:10.1039/C7RP00137A

Vincent-Ruz, P., & Schunn, C. D. (2017). The increasingly impor-
tant role of science competency beliefs for science learning in 
girls. Journal of Research in Science Teaching, 54(6), 790–822. 
doi:10.1002/tea.21387

Wang, M.-T., Eccles, J. S., & Kenny, S. (2013). Not lack of ability but 
more choice: Individual and gender differences in choice of careers 
in science, technology, engineering, and mathematics. Psychological 
Science, 24(5), 770–775. doi:10.1177/0956797612458937

Watt, H. M. G., Eccles, J. S., & Durik, A. M. (2006). The leaky math-
ematics pipeline for girls. Equal Opportunities International, 25(8), 
642–659. doi:10.1108/02610150610719119

Weisgram, E. S., & Diekman, A. B. (2017). Making STEM “family 
friendly”: The impact of perceiving science careers as family-com-
patible. Social Sciences, 6(2), 61. doi:10.3390/socsci6020061

Wigfield, A., & Eccles, J. S. (2000). Expectancy-value theory of 
achievement motivation. Contemporary Educational Psychology, 
25(1), 68–81. doi:10.1006/ceps.1999.1015

Zohar, A., & Bronshtein, B. (2005). Physics teachers’ knowledge and 
beliefs regarding girls’ low participation rates in advanced physics 
classes. International Journal of Science Education, 27(1), 61–77. 
doi:10.1080/0950069032000138798



12   EDuCATIONAl RESEARCHER

AuThORS

EBEN B. WITHERSPOON,is a PhD student in the Learning Sciences 
and Policy Program at the University of Pittsburgh’s School of 
Education and a graduate student researcher at the Learning Research 
and Development Center, 3939 O’Hara St., Pittsburgh, PA 15217; 
eben.witherspoon@pitt.edu. His research focuses on inequities in educa-
tional experiences and outcomes, with a particular focus on attitudinal 
and environmental factors that shape STEM trajectories during the 
high school to college transition.

PAULETTE VINCENT-RUZ,is a PhD candidate in the Learning 
Sciences and Policy Program at the School of Education, University of 
Pittsburgh; Learning Research and Development Center, 3939 O’Hara 
St., Pittsburgh, PA 15217; pvincentruz@pitt.edu. Her research focuses 
on which intersectional, attitudinal, and environmental factors affect 
the experience individuals have with science, often in ways that 

systematically disadvantage different minoritized populations like 
women or students of color.

CHRISTIAN D. SCHUNN, PhD, is a senior scientist at the Learning 
Research and Development Center at the University of Pittsburgh, 
3939 O’Hara St., Pittsburgh, PA 15217; schunn@pitt.edu. His research 
focuses on innovative STEM education, engagement factors in learn-
ing, learning from peers, and neuroscience of complex learning.

Manuscript received March 27, 2018
Revisions received August 21, 2018;  

November 21, 2018; February 12, 2019
Accepted February 19, 2019


