Does Instructor Gender Matter for Student Performance in Introductory Physics?
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A small number of prior studies have investigated whether instructor gender has a measurable impact on
student course grades, though to our best knowledge no study has specifically examined physics courses. We
explored the effect of instructor gender on student performance in calculus-based introductory physics courses
at a large land-grant university. The data set included the scores on midterm, final exams, and final letter grades
for more than 8200 students taught by 11 male and 4 female instructors between 2007-2018. We found no
persistent correlation between student gendered performance and their instructor gender. While statistically
significant differences in student performance were found for particular exams or in final letter grades, the effect
sizes were weak or small. When comparing male and female instructors, we found that the instructor gender
had a larger effect on female students than on their male classmates.
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I. INTRODUCTION

In recent years, physics education studies have found a
consistent performance gap between male and female stu-
dents on conceptual assessments [1-6], though this differ-
ence has been less consistent when it comes to differences in
course grades [2, 3, 6-14]. Female students often find them-
selves to be a minority in their physics classes, and are likely
to be subject to the pressures of societal biases and gender
stereotype threats [15, 16]. It has been argued by prior stud-
ies that this stereotype threat can impact the performance of
female students in their introductory courses [17, 18]. While
some studies have reported on the reduction or elimination of
gendered differences in undergraduate physics through spe-
cific interventions, such as values affirmation [19], or instruc-
tional strategies [20, 21], other groups have found no effect on
these differences when applying selected pedagogies or when
controlling for prior factors [1, 6, 22, 23].

A study from Lockwood et al. suggested that success-
ful female role models, who were at a more advanced ca-
reer stage, may serve as a proxy for students determining
their own potential and may undermine gender stereotypes
[24]. Stout et al. argued that female students who came
into contact with experts of the same gender experienced en-
hanced STEM identity and self-efficacy, and improved moti-
vation to pursue STEM careers [25]. A large-scale study of
nearly 54000 students [26] considered how having a female
faculty member in an introductory course affects the likeli-
hood that a female student will take additional credit hours or
major in a particular subject. The study suggested the exis-
tence of a positive impact of female instructors in some dis-
ciplines, but not in physics. A few studies have explored
whether students’ performance differences in STEM disci-
plines might be statistically impacted by the gender of their
instructor. One such study conducted at the United States Air
Force Academy found a significant effect on female students
suggesting that the gender gap in course grades was elimi-
nated when high-performing female students were assigned
to female professors in mandatory introductory math and sci-
ence courses [27]. Other studies aggregating data from mul-
tiple disciplines found small or no effects of instructor gender
on students’ course grades [28, 29]. To our best knowledge,
there were no prior studies of the instructor gender effect that
would focus on physics classes.

This work explores the intersection of instructor gender
and student performance specifically for calculus-based in-
troductory physics courses. It follows the footsteps of our re-
cent publication that studied performance differences based
on student gender in both calculus- and algebra-based intro-
ductory physics courses at a large land-grant university [14].
We expanded on this study with primary focus on instructor
gender. We studied whether the existence and size of perfor-
mance difference between male and female students depends
on instructor gender while also exploring if there is a measur-
able difference in student performance depending on whether
their instructor has the same gender.
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II. DATA ANALYSIS

We started with a data set previously gathered from fac-
ulty who taught one or both of a two-semester calculus-based
introductory physics course sequence at a large, land-grant
university between 2007-2018 [14]. The data set comprised
more than 8200 engineering, math, and physical science ma-
jors from more than 75 lecture sections from both a first
semester mechanics course and a second semester electricity
and magnetism course during this period. The data included
student name, instructor gender, instructor identifier, course
year, exam grades, and final letter grades. In both courses
there were three midterm exams and a final exam (labeled as
exam 4 later on). Exams typically comprised 60%-90% of a
student’s total grade. Data were collected from 11 male in-
structors and 4 female instructors. Student first names were
used to identify gender using GenderizelO [30]. This tool
returns a probability of gender for each first name based on
census data and tends to be fairly robust with the exception of
east Asian names [31]. Only student data with a 90% proba-
bility of being associated with a particular gender were kept
which removed approximately 17% of the original data set.

All data analysis was done using Python programming lan-
guage and its broadly accepted packages. We converted stu-
dent final letter grades into their corresponding numeric GPA
equivalents; F=0,D=1,C =2, B =3, A =4. To analyze
student performance across multiple years and instructors all
raw numerical exam scores were mapped to a new distribu-
tion using a z score transformation,

X, — X
z =

g

where x; is the raw numerical score for each student, T is the
average score for that course’s assessment, and o is the stan-
dard deviation on that assessment. This new distribution was
separated into student and instructor gender combinations.
We separated the data set into four groups based on both in-
structor gender and student gender and analyzed these groups
to examine difference in student performance on exams and
course grades. In one case we inspected data separated by
instructor gender, while in the other case we inspected data
separated by student gender.

Groups were compared to one another using a two-tailed
independent ¢ test for statistically significant differences (p <
0.05). Assumptions for the ¢ test include homogeneity of vari-
ance as well as normality. We tested homogeneity of variance
using Levene’s test and found that nearly all of the groups
being hypothesis tested had a uniform variance. Likewise,
normality of the data was examined using the Shapiro-Wilk
test and was found to fail. However, with sample sizes above
one thousand the ¢ test remains to be the most robust measure
despite the normality assumption not being met [32]. Effect
sizes were calculated using Cohen’s d with a Hedges’ correc-
tion [33]. Positive values correspond to higher averages for
male students with negative values corresponding to higher
averages for female students. The effect sizes were consid-



ered to be weak for |d| < 0.2 and small for 0.2 < |d| < 0.5.

III. RESULTS & DISCUSSION

First we investigated the student gendered performance dif-
ference on exams, within same instructor gender. Table I
shows the differences between male and female students av-
erage exam z scores for all male instructors (left column) and
all female instructors (right column) as well as corresponding
t and p values. For students of male instructors, which in-
cluded Ny, 41 = 3942 male students and Ny¢p,q1c = 1202 fe-
male students, statistically significant differences were found
on the first, third, and fourth exams. The corresponding
effect sizes, d = 0.228,0.079,0.144, were small, weak,
and weak respectively. For students of female instructors,
Niate = 2397 and Nyemaie = 701, statistically significant
difference between male and female students was found on
the first exam with a weak effect size, d = 0.013.

TABLE I. Mean exam z score differences, A, between male and
female students and corresponding ¢ test results and p-values, sepa-
rated by instructor gender. Statistically significant differences have
been noted with an asterisk(*).

Male instructor Female instructor

AM-F) t D AM-F) ¢ D
Exam1  0.227  6.914 <0.0005* 0.121 2.809 0.005%*
Exam2  0.026 0.790 0.429 0.043 1.009 0.313
Exam3  0.079 2395 0.017* 0.010  0.242 0.809
Exam4  0.144  4.382 <0.0005* 0.013  0.306 0.760

We also examined differences for final letter grades. For
female instructors, Fig. 1, there was a statistically significant
difference in final letter grades, with female students exhibit-
ing a slightly higher average grade. This difference had a
weak effect size (d = 0.084). For male instructors, Fig. 2,
there was no statistically significant difference in final letter
grades based on student gender. From this we can observe
that female students exhibit a small but measurably higher
performance compared to male students with female instruc-
tors, while there is no statistically measureable difference for
male instructors.

Next we consider a similar comparison from an alterna-
tive perspective, separating data based on student gender: we
examined whether students of a certain gender performed sta-
tistically different with male and female instructors. Table II
shows averaged exam z scores differences between male and
female instructors for all male students (left column) and all
female students (right column) with corresponding ¢ and p
values. There were N,,qe = 3942 male students of male
instructors and Nyepmale = 2397 male students of female in-
structors. We observed no statistically significant differences
for male students when it comes to instructor gender. As for
female students, Npqie = 1202 and Nyepare = 701, final
exam grades showed a statistically significant difference be-
tween male and female instructors, favoring the female in-
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FIG. 1. Grade distributions for students with a female instructor,
separated by student gender. Population averages (u), standard de-
viations (o), t test results (¢), and effect size of the difference (d) are
included.
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FIG. 2. Grade distributions for students with a male instructor, sep-
arated by student gender. Population averages (1), standard devia-
tions (o), t test results (¢), and effect size of the difference (d) are
included.

structors. Nonetheless, the effects size for this hypothesis
testing, d = —0.106, was likewise weak.

As with the previous groups, we examined differences for
final letter grades for groups based on student gender. For



TABLE II. Mean exam z score differences, A, between male and fe-
male instructors and corresponding ¢ test results and p-values, sep-
arated by student gender. Statistically significant differences have
been noted with an asterisk(*).

Male student Female student

AM-F) t p |[AM—-F) t D
Exam 1 0.026 0.999 0.318] -0.081 -1.684 0.092
Exam2 -0.004 -0.143 0.887 0.014 0.295 0.768
Exam 3 0.016 0.614 0.539| -0.052 -1.144 0.253
Exam 4 0.031 1.171 0.242| -0.100  -2.219 0.027*

female students, Fig. 3 there was a statistically significant
difference in final letter grades, with higher grades being as-
sociated with female instructors. This difference had a small
effect size of d = —0.248. For male students, Fig 4 there
was also a statistically significant difference in final letter
grades, with higher grades again being associated with fe-
male instructors. This difference had a weak effect size of
d = —0.125. It is interesting to note that both male and fe-
male students earned higher grades in courses taught by fe-
male instructors.

Female students

45
Hmale=2.51 premaie=2.76 s Male instructor

40 Female instructor

Omale=1.04 Ofemale=1.04
35
p=0.0
t=-5.225 | |
(2) B(3) A4)
FIG. 3. Grade distributions for female students separated by instruc-

F(0)
tor gender. Population averages (u), standard deviations (o), t test
results (t), and effect size of the difference (d) are included.
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Prior studies that examined the impact of instructor gen-
der on student performance incorporated data across mul-
tiple STEM disciplines, though none specifically looked at
physics. However, we found that our results of instructor gen-
der having only a minimal relation to final course grades were
in general agreement with several of these multi-disciplinary
studies [28, 29]. For example, for male instructors, Fig. 2,
there were no statistically significant differences between fi-
nal grades for male and female students. We observed a sta-
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FIG. 4. Grade distributions for male students separated by instruc-
tor gender. Population averages (u), standard deviations (o), ¢ test
results (%), and effect size of the difference (d) are included.

tistically significant difference for female instructors, Fig. 1,
with a weak effect size. The results presented on gendered
performance on exams, Table I, mirrors results from our prior
study [14] with fewer statistically significant differences for
female instructors compared to male instructors.

Our results from grouping the data by student gender, echo
results from the Air Force Academy study [27], with instruc-
tor gender being a more significant factor for female students
than for male students. The exam performance results, Ta-
ble II, display only one instance of a statistically significant
difference which occurs for female students on the fourth ex-
ams. For male students, no statistically significant differences
were seen to occur on any exams between male and female
instructors, even though the differences existed in the final
letter grades (with a weak effect size). This is in agreement
with Lockwood et al. who observed that the gender of a role
model, who could be an instructor, had no impact on male
students [24].

IV. CONCLUSIONS

We have analyzed a data set of more than 8200 stu-
dents’ exam scores and final course grades over more than
a decade from instructors who taught calculus-based intro-
ductory physics courses at a large, land-grant university. Data
from a first semester mechanics course and a second semester
electricity and magnetism course were collected from 4 fe-
male instructors and 11 male instructors. We examined
whether instructor gender had a measurable impact on stu-



dents’ exams grades throughout a semester and final course
grades. First, we analyzed data pooled by student gender
exploring performance difference between male and female
students with male and female instructors. We also inspected
data grouped by instructor gender to determine if there were
differences in student performance with an instructor of the
same gender. Our analysis did not reveal any significant,
persistent correlation between student gendered performance
and their instructor gender. In all cases where we found sta-
tistically significant differences in student performance on
particular exams or in final letter grades, the effect sizes
were weak or small. Similar to our recent study [14], we
found fewer statistically significant differences in exam per-
formance between male and female students for female in-
structors compared to male instructors. A notable result is
that when comparing male and female instructors, we found
that instructor gender had a larger effect on female students
than on their male classmates.

To our best knowledge, this work and our recently pub-
lished paper [14] are first steps in investigating whether in-
structor gender has a measurable impact on student perfor-
mance in physics courses. Though the results presented here
have the advantage of a relatively large data set of exam
scores and final course grades collected over a decade, we

must note several limitations. The data collected was pro-
vided by a modest number of instructors, with female instruc-
tors representing just four out of fifteen. Female instructors
taught 37.5% of the total population, however, it should be
noted that one female instructor taught approximately half of
those students. Only course level data were collected for this
study. Also, student gender was determined by probability as
opposed to using university level data.

Future studies would benefit from the inclusion of a larger
number of female instructors, as well as considering prior stu-
dent preparation. It would be also important to analyze data
from algebra-based introductory physics classes with larger
number of female students enrolled. More work is needed to
make a more definitive conclusion on the role of gender on
student performance in the introductory course sequences.
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