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Abstract

Background The body of work regarding gender bias in academia shows that female instructors are often rated
lower by students than their male counterparts. Mechanisms are complex and intersectional and often associated
with role congruity theory. Little research has examined parallel patterns in graduate teaching assistant (TA) evalua-
tions. In research institutions, TAs make up a large portion of teaching teams. Identifying bias and working to remove
it is critical to shifting the already-well-documented gender imbalance in higher education. To evaluate gender-asso-
ciated perceptions of graduate TAs'teaching skills, we analyzed Likert-scale, mid-semester survey data using ordinal
logistic regression models for PhD TAs in five (pre-COVID) semesters in the College of Engineering at Cornell Univer-
sity, a large R1 institution in the United States. We also regressed scores for each survey question against the overall
TA quality rating for male- and female-identifying TAs to compare the strength of those relationships and explore
potential differences in student expectations associated with gender roles. A subset of narrative comment data were
coded into themes, analyzed, and triangulated with other observed patterns.

Results Male TAs had a higher likelihood of receiving a better rating than female TAs for all survey questions in which
students rated performance. Statistical evidence of different slopes of relationships between particular questions

and overall TA quality rating suggested that female and male TAs were “valued” more for behaviors/attributes con-
gruent with roles ascribed to that gender in broader society. Female TAs received a higher proportion of positive
comments for communication skills and more comments regarding supportiveness than male TAs. Males received
more comments about their overall value as TAs, however all comments regarding overall quality as TAs were positive
regardless of gender. The amount and proportion of comments that were positive or negative for knowledge, enthu-
siasm, preparedness or fairness were the same for male and female TAs.

Conclusions Gender-based disparity is occurring in TA evaluations and aligns with patterns observed in research

on teaching evaluations for faculty. Correlation between overall TA ratings and scores for specific survey questions
and narrative responses indicate that role congruity influences traits that students perceive as important and positive
in TAs of different genders.

Keywords Teaching evaluations, Equity, Gender, Graduate TAs, Inherent bias, Student evaluation of instruction, Role
congruity theory

*Correspondence:

C. A Evans

cae223@cornell.edu

Full list of author information is available at the end of the article

. ©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ SPrlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40594-023-00460-5&domain=pdf
http://orcid.org/0009-0001-3528-2146

Evans et al. International Journal of STEM Education (2024) 11:5

Introduction

Gender disparity in STEM education and employment
trends are widely acknowledged and well researched (e.g.,
Grieco and Deitz, 2023; Hill et al., 2010; Jesse, 2006; Mas-
tekaasa & Smeby, 2008; Modi et al., 2012; Weeden et al,,
2020). A large portion of the gender disparity in higher
education and subsequent employment for women in
STEM continues to be associated with math, computer
science, physics, and engineering. Overall, STEM enroll-
ment in U.S. institutions of higher education between
2008 and 2018 has been consistently slightly dominated
by women (55%) (Hamrick et al., 2019). However, most
students graduating with bachelor’s degrees in engineer-
ing from U.S. programs are men (National Center for
Education Statistics, Integrated Postsecondary Educa-
tion Data System [NCES & IPEDS], 2016, Fall 2015, Fall
2016).

This difference in undergraduates who successfully
complete engineering curricula is a factor impacting
the proportion of women who enter graduate degree
programs and subsequently enter academia as instruc-
tors. In 2021, women represented 25% of undergraduate
enrollment and 25% of doctoral engineering programs
nationwide. According to the same source, the number
of tenured or tenure track female faculty in Engineering
in the United States, is approximately 19%, with variation
across different engineering disciplines (American Soci-
ety for Engineering Education, 2022, p. 56). Clearly there
remain large challenges for women in STEM higher edu-
cation and specifically, engineering. The data presented
here are from the United States, however, this disparity
is global in scope (Huang et al., 2020). Many documented
challenges to female-identifying students and faculty in
STEM disciplines have been linked to gender biases and
related issues, such as stereotype threat and a “fixed”
mindset that emphasizes “innate ability” over effort and
growth (Blackburn, 2017; Llorens et al., 2021). These per-
sistent attitudes influence women’s self-efficacy and feel-
ing of belonging and can decrease the desire to stay in
and to advance in particular fields (Clark et al., 2021).

Implicit bias and gender bias in STEM disciplines

Implicit biases may result from what Greenwald and
Banaji (1995) refer to as implicit cognition. They articu-
lated that “the signature of implicit cognition is that
traces of past experience affect some performance, even
though the influential earlier experience is not remem-
bered in the usual sense—that is, it is unavailable to self-
report or introspection” (p. 5). Implicit gender biases
are related to long standing institutional and societal
“norms.” Biases against women in academia may be both
internalized by women and imposed upon them by oth-
ers in their sphere of influence across the education
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landscape (Hughes et al., 2017; Weisshaar, 2017; Witte-
man et al., 2019). For example, faculty bias while review-
ing applications for laboratory manager employment
favored students that they believed were male in a dou-
ble-blind study. This bias was independent of the gender
of the faculty (Moss-Racusina et al., 2012). Student biases
toward female instructors are also well studied (Adams
et al, 2022; Aragén et al., 2023; Boring, 2017; Buser et al.,
2022; Ceci et al, 2023; Chatman et al.,, 2022; MacNell
et al,, 2015; Mengel et al., 2019; Witteman, et al., 2019).
Female instructors are often rated lower by students than
are their male counterparts even when evidence suggests
that female instructors are just as effective (Boring, 2017).
Evidence for these gender-biased patterns come from
both post hoc analyses of student teaching evaluations
over multiple years and across disciplines (Adams et al.,
2022) and experimental research designs that directly test
and show differences in evaluations as biases (MacNell
et al., 2015; Mengel et al., 2019). Differences in responses
on evaluations for teachers who identify as male versus
those who identify as female, are also influenced by dis-
ciplinary affiliation (Basow & Montgomery, 2005), cul-
tural identity (Fan et al., 2019; Llorens et al., 2021), the
gender of the student who is completing the evaluation
(Boring et al, 2016; Fan et al, 2019), specific gender
expectations for behavior (Eagly & Karau, 2002) and very
often the intersectionality of multiple variables includ-
ing gender (Llorens et al., 2021). These deeply engrained
unidentified, or inaccurate, attitudes are linked to what
people have seen enacted within gender identities in their
personal experiences. Biases linked to lifetime exposure
to slow-changing social roles and expectations are tena-
cious (Hughes et al., 2017).

Role congruity theory and gender bias in teaching
evaluations

The role congruity theory (Eagly & Karau, 2002) builds
off earlier work by Eagly and Karau (2002) and colleagues
who coined the term social role theory, suggesting that
the societal differences we perceive in people of differ-
ent genders (M/F) come from the way in which men and
women have historically been cast into specific roles in
society. Role congruity theory posits that we have been
socialized to expect different behaviors from women than
from men (Piatek-Jimenez et al., 2018), which leads to
our unconscious expectations and valuing of behaviors
based on gender. Eagly and Karau (2002) hypothesized
that nurturing, encouraging, communicating, and being
accessible are expected positive aspects in female leaders
and teachers, whereas command and control and disci-
plinary expertise might be expected and valued in men.
These perceptions inhibit women moving into leader-
ship positions and make it more difficult for them to be
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perceived as successful in such situations (Eagly & Karau,
2002; Ritter & Yoder, 2004).

Evidence continues to mount regarding the inability of
student evaluations of teaching (SET) to provide unbi-
ased information about teaching quality effectively or
equitably (Adams et al.,, 2022; Spooren et al., 2013; Stro-
ebe, 2020). Adams et al. (2022) evaluated gender and cul-
tural differences in SET across 6 years and a diverse set
of disciplines including science and engineering (nearly
400,000 responses). Their research examined gender
and cultural biases in teaching evaluations. In the sub-
set of their analysis that examines the effect of gender
in English speaking teaching assistants (TAs), men were
1.25 times more likely to get higher scores from female
students and 1.43 times more likely to get higher scores
from male students.

Much less is known about gender patterns in student
evaluations of TAs. Khazan et al. (2019) found no sig-
nificant difference in teaching evaluation scores when a
single online TA was assigned an identity of “male” for
half of the students and “female” for the other half. There
was however a wider range in the evaluation scores for
the TA that students were told was female as well as five
times as many negative comments for the TA presumed
female. The authors interpreted this as an optimistic out-
come, showing a lack of gender bias in evaluating TAs.
However, they also cautioned that a lack of personal con-
tact and relatively low interaction with the purported
online TA may have reduced the triggering of bias. More
research focused on patterns associated with gender
(among other variables) perceptions of graduate TAs is
clearly needed. The positionality of graduate TAs is dif-
ferent than that of instructors/faculty members relative
to the students they teach, thus we might expect different
outcomes from the large body of work examining student
gender biases toward faculty, at least in magnitude. If,
however, social role congruity is a strong driver in per-
sistently male dominated disciplines like engineering, we
would predict similar patterns.

A subset of PhD graduate students will become faculty
of the future, and during their graduate school experi-
ence are developing skills and self-efficacy as teachers.
The fact that ten percent fewer women are in tenured/
tenure track faculty positions than are enrolled in engi-
neering graduate programs means that understanding
factors that influence the experience of female graduate
students in engineering is critical. Any barriers to success
at the graduate student level have the potential to create
obstacles for female graduate students to advance in aca-
demia (Boring, 2017), specifically in this case, into faculty
positions. Experiences as TAs and associated outcomes
of SET are one aspect of graduate student work that
deserves more attention.
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This research is an examination of gender-associated
patterns in five pre-COVID semesters of teaching-assis-
tant mid-semester evaluations in the College of Engi-
neering at Cornell University, where graduate students
take on substantial roles in teaching. We specifically
asked: (1) is there a difference in the “overall TA rating” (a
non-specific survey question) for male versus female TAs
by engineering students? (2) Are students likely to rate
male and female TAs differently depending on the behav-
iors or skills that are specified in a particular survey ques-
tion? And (3) do the relationships between ratings for any
specific behavior or skill (survey question) and the “over-
all TA rating” depend on TA gender?

Methods

This research was undertaken after receiving an exemp-
tion notification (protocol ID# 2009009842) from the
Institutional Review Board at the University. The aim
of the work was to determine if there was evidence for
gender bias in student responses on graduate (specifi-
cally, PhD) teaching evaluations and to further explore
any differences in evaluation patterns between student
responses regarding male and female TAs that would
suggest potential mechanisms such as role congruity
theory.

Gender identity data associated with TA evaluations
was added prior to the dataset being anonymized. The
database used for mid-semester evaluations does not
currently include gender identity. The gender ID data
attached to each TA in the dataset came from the Uni-
versity database. For reasons unknown to the authors,
the choices offered to students to identify gender in this
database are M (male), F (female) and U (unidentified).
Surprisingly, only one TA identified as U, and three did
not answer the question. Those individuals were removed
from the database for these analyses. The authors note
that we strongly support the reporting of a more real-
istic spectrum of gender identities across our student
population, such as using the Gender/Sex 3x3 frame-
work in student surveys (Beischel et al., 2023); however,
based on the source of these gender data, TAs were not
able to identify with a broader array of choices and thus
we report only on patterns associated with TA scores
for those in our population who identified as male and
female. For the remainder of the paper as we share or dis-
cuss our results, we will refer to male or female TAs, or
TAs who identify as male or female in this study.

Study population

The undergraduate student body in the College of Engi-
neering is approximately 3,000 students of whom nearly
50% are women, which is a high proportion of women
and continues to be rare for engineering programs.
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In data analyzed for this study, male undergraduate
respondents numbered 2800, and female undergraduate
respondents 2742: essentially equal proportions. The PhD
population continues to be male dominated and the ratio
of male to female PhD TAs in the data set was 2.20 and
was fairly consistent across the five semesters (Table 1).
Graduate TAs work in courses offered by 18 engineer-
ing programs (Table 2) and the number of TAs working
in each program varies greatly. TA roles range from lec-
turer, grader, recitation or discussion section leader, and
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office hours instructor. Some TAs have singular roles and
some multiple roles. The role of the TA was not explicitly
considered in the analysis of student evaluation survey
responses.

Students in other graduate programs (MS, MEng, and
others) also hold teaching assistantships in the depart-
ments, as do undergraduates. We chose to focus on PhD
TAs in this study because they are closest to faculty in
their professional pathways and most likely to have aspi-
ration to faculty positions. Persistent large discrepancies

Table 1 Number of male and female TAs included in the five semesters of data. Total teaching assistant (TA) numbers include those

TAs that taught in more than one semester

Semester Total Responses Female TAs Male TAs Male/Female TA Female TA # Male TAs #
ratio responses responses

FA17 1345 51 12 24 430 915

FA18 1092 50 11 23 355 737

FA19 1343 63 12 19 337 1006

SP18 1019 47 110 2.3 310 709

SP19 744 44 95 22 274 470

Totals 5543 255 562 1706 3837

The number of unique PhD TAs in the data set is 620 (432=m, 188 =f).

Table 2 Number of student responses for male and female teaching assistants (TAs) in 18 programs or departments over the five

semesters of mid-semester evaluation data used for this analysis

FA17 FA18 FA19 SP18 SP19 Study

TA Gender TA Gender TA Gender TA Gender TA Gender TOTALS
Program/ F M F M F M F M F M F M
department
AEP 30 17 0 55 4 47 8 29 0 14 42 162
BEE 4 0 43 12 31 13 14 2 9 8 101 35
BME 46 25 9 53 12 18 15 19 78 5 160 120
CEE 79 95 34 43 30 1 13 10 3 30 159 289
CHEME 11 117 24 42 16 76 14 24 24 18 89 277
COMM 4 4 0 0 12 7 7 0 5 2 28 13
cs 28 209 53 106 17 132 7 159 2 85 107 691
EAS 0 10 4 80 49 18 59 30 10 13 122 151
ECE 19 25 0 16 4 28 24 65 4 34 51 168
ENGRD 33 101 98 83 1 233 34 96 17 43 183 556
ENGRI 0 17 0 10 10 0 7 19 19 0 36 46
INFO 35 13 6 Il 18 9 39 61 42 31 140 125
MAE 11 67 M 100 56 154 26 100 13 55 117 476
MSE 31 79 10 69 50 31 12 28 14 24 117 231
ORIE 84 107 62 50 27 112 30 50 25 87 228 406
PHYS 0 M 1 3 3 1 7 0 3 2 27
STSCl 0 0 0 0 0 0 0 9 12 9 12
SYSEN 15 18 0 4 14 0 10 0 6 15 52
TOTALS 430 915 355 737 337 1006 310 709 274 470 1706 3837

Responses 5543
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in female faculty in engineering programs indicates the
need to understand better the experience of women in
PhD programs.

Data collection

Likert-scale, mid-semester evaluation data

Early in each semester, TA names are uploaded to a com-
mon database by administrators in each department. In
the database, TA names are associated with the course
in which they work. Prior to launching the mid-semes-
ter evaluations, final lists of TAs for each course are
sent to the course faculty to be checked and corrected.
At the mid-point of each semester (typically weeks 6-8)
the survey is launched. Students receive an email with
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instructions, rationale, encouragement, and a link to the
survey. They are asked to select their TA(s) from a list
associated with the course and to respond to 18 Likert-
style questions about specific TA behaviors and practices
(refer to Table 3 in results). Two additional questions
asked students to (1) rate the course overall—not includ-
ing the TA—and (2) rate the overall quality of their TA’s
teaching (referred to going forward as “overall TA rat-
ing”). Responding to the survey is voluntary and students
receive at least two additional reminders to complete it
during the two-week period in which it is available. Sepa-
rate reminder emails are also sent to the TAs to encour-
age them to remind students. Students are encouraged
to answer only the survey questions that related to their

Table 3 Outcome of ordered logistic regression for each survey question

Reference gender=M TAsin Estimate Oddsratio Lower-Upper CL zstatistic Holms-Bonferroni
analysis adjusted p-value
(n)

1 Demonstrates command of the subject matter 610 0424 1.529 1.314-1.743 3.878 0.0021

7. Provides clear, relevant and understandable responses 608 0412 1.509 1.297-1.722 3.795 0.0028

to my questions

16. Fair in grading 609 0.340 1.405 1.189-1.621 3.084 0.0349

20. Quality of your TA's teaching? (1 being poor, 5 being 590 0.335 1.398 1.203-1.593 3372 0.0134

great)

3. Provides clear and comprehensive explanations 608 0.333 1394 1.172-1617 2.930 0.0509

and instructions

9. Actively helpful when students need assistance 611 03113 1.365 1.157-1.573 2931 0.0541

15. Makes effective use of illustrations and examples 607 0.289 1.335 1.103-1.566 2438 0.0888

12. Periodically checks to make sure students understand 607 0.281 1.325 1.105-1.545 2.506 0.1220

what was covered

17. Provides helpful comments on my assignment 592 0.277 1.319 1.120-1.517 2728 0.0892

13. Provides periodic summaries of what has been covered 582 0.263 1.301 1.091-1.511 2454 0.0987

or discussed

11. Communicates clearly 597 0.262 1.299 1.109-1.489 2.702 0.0896

4. Emphasizes the conceptual basis of the problem set 597 0.258 1.294 1.092-1.496 2502 0.1116

or the lab experiment

18. Makes effective use of visual aides (blackboards, over- 583 0.253 1.288 1.091-1.485 2518 0.1298

head, slides etc.)

14. Effective at relating lecture material to what is covered 589 0.249 1.283 1.095-1.471 2.600 0.1118

in section or lab

10. Seems enthusiastic about teaching the material 595 0.247 1.280 1.080-1.479 2416 0.0785

5. Encourages students to think in class by asking questions 608 0.232 1.261 1.043-1.478 2.088 0.1472

6. Makes me feel free to ask questions and express my 581 0.231 1.260 1.077-1.442 2481 0.1048

opinions

19. Divides his/her time equitably among laboratory groups 565 0.2066 1.229 1.033-1.426 2.057 0.1191

2 Fully prepared for class, laboratory or review section 603 0.182 1.199 0.975-1424 1.587 0.2260

8. Evaluate this course as a whole. (1 being poor, 5 being 614 0.074 1.077 0.890-1.264 0.780 04350

great)

The Odds ratio is interpreted as: the odds that a male TA has a higher response level is (the Odds Ratio) times higher than it is for a female TA in our data set. 95%
confidence intervals are also reported. Bonferroni-Holms post-hoc adjustment was applied to correct for multiple comparisons in the interpretation of statistical

significance. Data were sorted so that odds ratios are listed from largest to smallest

*Holms-Bonferroni corrected a used to correct for multiple comparisons. Data were sorted by unadjusted p-value (smallest to largest) and the corrected p-value was
determined by multiplying the unadjusted p-value by total number of comparisions (20) for the most significant outcome and multiplying each successive p-value by
one less comparision for each subsequent correction. Adjusted p-values <0.05 are in bold
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interaction with the TA. For example, if a TA is not a
grader for students, rather held office hours and recita-
tions, a student should leave the question regarding “fair
grading” blank. Alternatively, if the only relationship a
student has with a TA is through the grading of exams
and problem sets, they should only respond to questions
about “fair grading” and “feedback on assignments.” Due
to this, the sample size of responses for each survey ques-
tion were slightly different.

Because of concerns over survey burnout, the TA eval-
uation survey is administered only once as a formative
instrument. TAs (and their faculty) receive their scores
with suggestions on how to interpret them and how best
to use them to make changes, if necessary, during the rest
of the semester. Students are asked to evaluate their pro-
fessors’ teaching in separate surveys at mid-semester and
at the end of the semester.

Data for this analysis come from five pre-COVID
semesters of TA mid-semester evaluation data (Fall 2017,
Spring 2018, Fall 2018, Spring 2019, Fall 2019). Pre-
COVID semesters were chosen due to the emergency
online teaching that was implemented during the Spring
2020 to Spring 2022 semester for at least a part of each
of those semesters. The effect of emergency online teach-
ing with inexperienced faculty and TAs was not a variable
in which we were interested. We examined anonymized
data for patterns associated with male and female TAs’
scores for Likert-scale survey questions and a subset of
narrative comment data, collected from students in all
engineering courses in which they interact with TAs,
including through grading.

Narrative data

As part of the evaluations, students respond to three
narrative evaluation prompts. Two are completely open
ended (“Comment on the TA’s teaching strengths as well
as areas in which improvement is needed or encour-
aged” and “Do you have any additional comments?”),
and one is more focused and invites students to focus
on communication in general, and language specifically
(“Comment on the TA’s communication strategies. Did
the TA effectively use gestures, movement, voice inflec-
tion, and maintain eye contact? Was language a barrier
to your understanding? If so, in what way?”). A random
number generator was used to select a subset of 472 stu-
dents’ comments (in proportion with M/F TA ratio in the
dataset) for TAs whose average overall TA rating score
was a 3, 4, or 5. The choice to exclude TAs with an overall
TA rating score lower than 3 (on a Likert-scale of 1-5)
was made to remove the influence of potentially large
differences in TA quality from the examination of com-
ments for TAs based on their gender. We supposed that
TAs with extremely low ordinal response ratings would
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be more likely to have comments that said less about
skills and behaviors and more about student frustration
regardless of TA gender.

Statistical analysis

Ordinal logistic regression

We used regression models for ordinal data. (Chris-
tensen, 2022, Ordinal package version 2022.11-16) in R (R
Core Team, 2022) statistical software to analyze the effect
of gender on responses for each of the 18 Likert-scale
questions regarding specific skills or practices, one ques-
tion rating a general notion of “overall TA rating,” and one
additional question related to the course overall (n=20
survey questions total; 5543 total student responses for
620 PhD TAs, n=432 male TAs, and n =188 female TAs).
Some TAs taught in multiple semesters; thus, individual
TA ID was included as a random effect in the models.
We applied a Holms-Bonferroni correction for multiple
comparisons to address concerns about the likelihood of
inflated type 1 error (Wright, 1992). We note here that
the discussion surrounding how to deal with multiple
comparisons is important and expert opinions are highly
variable. Correcting for a large number of multiple com-
parisons can inflate the chance of a type 2 error (Midway
et al,, 2020). P-values with ¢ <0.05 are typically chosen
to represent statistical significance and we use that con-
vention here. However, correcting for a large number
of comparisons, such as we examined, greatly increases
the p-values of those individual tests. As noted by Was-
serstein et al. (2019), p-values are one way to ascribe
“importance” to outcomes, and statistical significance is
not necessarily equal to contextual importance. We focus
our discussion and conclusions on all the forms of evi-
dence provided in our analyses.

Relationships between individual questions and overall TA
rating

Spearman correlation To explore the degree to which
individual skills/behaviors were correlated to perceived
performance in TAs of different genders, Spearman corre-
lation (JMP version 16) was used to evaluate the strength
of relationship between each of the nineteen questions
(this included the course rating) and the overall TA rating
for TAs of each gender. Due to the ordinal nature of the
data, we considered Spearman’s Rho the most appropriate
analysis. We used each individual Likert response for spe-
cific questions in the analysis. Sample size for each corre-
lation varied due to students answering only the questions
relevant to their experience with TAs (refer to Table 3 in
results).
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Examining interactions between question scores and gender

on overall TA rating

Because we were also interested in the potential that
student responses to questions about particular skills/
behaviors may interact with TA gender as predicted by
role congruity theory, we averaged question scores for
each TA and used least squares linear regression mod-
els to look for significant interaction terms between TA
gender and the TAs mean score for each specific question
and the TAs mean score for overall TA rating. We justify
this parametric regression approach for exploring the
interactions because the relationships, in all cases, were
monotonic and appropriately linear (based on residual
versus normal quantile plots), and plots of residuals ver-
sus predicted values were evenly distributed around the
best fit line.

Narrative data analysis
We analyzed narrative comment data, for a subset of
unique PhD TAs (n=324 comments for male TAs,
n=148 comments for female TAs) whose overall TA rat-
ing was a 3, 4, or 5. One narrative comment was selected
randomly to represent feedback for each TA in this sub-
set. Comments for male and female TAs were 69% and
31% respectively, in proportion to the general ratio of
male to female TAs. We used a “theoretically driven
inductive approach” to coding the data as described in
Syed and Nelson (2015, p. 4). The random sample of nar-
rative entries that accompanied Likert-scale responses
were split and coded by two independent researchers
using an open coding approach in which themes emerged
from the comments written by students (Creswell &
Creswell, 2022). The unit of analysis was phrases long
enough to clarify the context of the text associated with
each theme. After independently identifying categories
of emergent themes, the two researchers discussed and
came to agreement through discussion moderated by a
third researcher. Subsequent discussions to refine themes
was informed by the theoretical underpinnings of the
research focus: gender bias and role congruity theory.
Finally, to acknowledge and avoid potential concerns
about the potential for the theoretical framework of the
research to influence coding and subsequent thematic
analysis, all language that might indicate TA gender was
removed from the comments and the third researcher
coded the full data set independently using the agreed
upon themes. Upon completion of coding the de-gen-
dered data set, outcomes were compared with the two
initial coders determinations, small discrepancies dis-
cussed, and full agreement achieved.

Students’ comments were observed to fall into eleven
categories which were ultimately similar to those deter-
mined in other teaching evaluation studies (e.g., Sprague
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& Massoni, 2005): communication of content, support-
iveness, verbal/written skills, general TA quality, knowl-
edge, pedagogy, enthusiasm, preparedness, fairness,
confidence, and humor. Each TA’s comments were con-
sidered holistically and marked as positive or negative
within each relevant category. Comments about a TA’s
ability to explain things clearly were coded as “commu-
nication of content,” while comments about a TA’s help-
fulness were recorded as “supportiveness” References to
methods like using guiding questions would fall under
the “pedagogy” category. As an example, the following
comment was given for a TA: “[TA] is incredibly enthusi-
astic and knowledgeable. [TA] is good at communicating
the material and answering questions. Lab is generally
a pleasant place to be” This comment would be marked
positively in the “enthusiasm,” “knowledge,” “communi-
cation of content,” and “supportiveness” categories. A
comment such as: “[TA] demonstrates an extensive grasp
of the concept material. TA does not, however, explain
these concepts well. In their attempts to not give away
answers, their responses end up causing more confusion
than help” would be scored positively for “knowledge”
and negatively for “communication of content”

Contingency analysis was used to determine if differ-
ences between the number of comments in each emer-
gent theme, and the direction (positive or negative) of the
comments associated with each theme were differentially
associated with TA gender. We chose to report Fishers
Exact p-values (for small sample sizes) in all cases, even
where the number of comments were enough to meet
assumptions of the Chi-Square. Holms-Bonferroni cor-
rection for multiple comparisons was applied to adjust
p-values for multiple comparisons.

Results

Gender patterns in survey question scores—logistic
regression outcomes

Male TAs had a 40% increase in the odds of receiving a
higher score than female TAs for the general question
about overall TA rating (Odds ratio (OR)=1.405, 95%
CI [1.189-1.621]) (Table 3). Male TAs were also approxi-
mately one and a half times more likely to receive higher
scores for students’ perception of the “command of sub-
ject matter” (OR=1.53, 95% CI [1.314-1.743]), “pro-
viding clear, relevant and understandable answers to
questions” (OR=1.51, 95% CI [1.297-1.722]). There was
no evidence to suggest a difference between male and
female TA ratings with respect to being “prepared for
class, laboratory, discussion section” (OR=1.199, 95%
CI [0.975-1.424]) and the question regarding the “quality
of the course overall” (OR=1.077, 95% CI [0.890-1.264].
For the remainder of the questions, male TAs were



Evans et al. International Journal of STEM Education (2024) 11:5

between 1.39 to 1.23 times more likely to receive higher
evaluation scores than female TAs. (Table 3).

Spearman correlations between specific mid-semester
evaluation questions and the overall TA rating
The correlation between TA scores on specific tasks/
responsibilities and overall TA rating may be an indica-
tion of different expectations and values that students
place on skills that TAs are expected to perform. Spear-
man correlations coefficients between questions and
overall TA rating tend to be higher for female TAs than
male TAs in all but one question (“divides time equita-
bly”) (Table 4). This outcome suggests that specific per-
ceived skills (as measured by survey questions) for female
TAs are more indicative of the student’s perception of the
value of female TAs overall.

The strength of the correlations can generally be inter-
preted as an indication of the importance to students of
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particular skills in TAs. While there is a trend of higher
correlations for female TAs in general, skills that appear
to be most important to students regardless of TA gen-
der are: clear, relevant responses; comprehensive expla-
nations; clear communication; and effectively relating the
work in the TA-led session to the material covered in lec-
ture (Table 4).

Interactions between individual question scores

and gender on overall TA rating

We included this analysis in our mixed methods
approach to explore the data for evidence consistent with
role congruity theory. Table 5 includes regression analy-
ses’ output for the five survey questions for which there
was statistical evidence for an interaction between the
two independent variables (the “question” and “TA gen-
der”) on the response variable (overall TA rating). Inter-
actions are represented by differences in the slopes of

Table 4 Spearman correlations between individual survey questions and “overall teaching assistant (TA) rating” for male and female
PhDTAs. Questions are sorted from highest to lowest correlation coefficient for each gender

Survey Question: “My TA,” or “My TA is:" Female TAr (n) Survey Question:“My TA,” or“My TA is:” Male TA
r(n)

Provides clear, relevant and understandable responses 0.83 (1516) Provides clear, relevant and understandable responses 0.78 (3463)

to my questions to my questions

Provides clear and comprehensive explanations 0.82 (1542) Provides clear and comprehensive explanations 0.77 (3508)

and instructions and instructions

Effective at relating lecture material to what is covered 0.79 (1341) Communicates clearly 0.76 (3535)

in section or lab

Communicates clearly 0.78 (1554) Effective at relating lecture material to what is covered 0.75(3138)
in section or lab

Emphasizes the conceptual basis of the problem set 0.76 (1440) Emphasizes the conceptual basis of the problem set 0.72 (3338)

or the lab experiment or the lab experiment

Periodically checks to make sure students understand what = 0.74 (1466) Actively helpful when students need assistance 0.71 (3517)

was covered

Makes effective use of illustrations and examples 0.74 (1427) Makes effective use of illustrations and examples 0.71 (32571)

Actively helpful when students need assistance 0.72 (1550) Seems enthusiastic about teaching the material 0.69 (3496)

Seems enthusiastic about teaching the material 0.72 (1547) Divides his/her time equitably among laboratory groups 0.69 (2629)

Provides periodic summaries of what has been covered 0.72 (1406) Demonstrates command of subject matter 0.68 (3534)

or discussed

Makes effective use of visual aides (blackboards, overhead, 0.72 (1343) Periodically checks to make sure students understand what  0.68 (3326)

slides etc) was covered

Demonstrates command of subject matter 0.71 (1557) Provides periodic summaries of what has been covered 0.68 (3181)
or discussed

Encourages students to think in class by asking questions  0.71 (1411) Makes effective use of visual aides (blackboards, overhead, 0.68 (3039)
slides etc.)

Fully prepared for class, laboratory or review section 0.70 (1491) Provides helpful comments on my assignment 0.68 (2821

Makes me feel free to ask questions and express my 0.69 (1523) Makes me feel free to ask questions and express my 0.66 (3467)

opinions opinions

Provides helpful comments on my assignment 0.69 (1281) Fully prepared for class, laboratory or review section 0.66 (3393)

Divides his/her time equitably among laboratory groups 0.69 (1147) Encourages students to think in class by asking questions  0.65 (3212)

Fairin grading 0.65 (1297) Fairin grading 0.64 (2852)

Evaluate this course as a whole 0.52 (1584) Evaluate this course as a whole 0.48 (3589)

The characteristics included in these survey questions tend toward supportive, nurturing, and structural organization types of behaviors
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Table 5 Least squares regression model outcomes to examine the interaction between specific questions and teaching assistant (TA)
gender as it relates to “overall TA rating” (“intercept” and “survey question” variables not shown). Only survey questions with evidence of

clear interaction terms were included

Survey Question Variable Coefficient St. Err p-value
Provides clear and comprehensive explanations and instructions Gender 0.00097 0.0145 0.9463
Question*Gender [F] —0.0767 0.0226 0.0007
Provides clear, relevant and understandable responses to my questions Gender 0.86104 0.02058 <0.0001
Question*Gender [F] — 0.04549 0.02058 0.0274
Periodically checks to make sure students understand what was covered Gender —0.02705 0.01538 0.0793
Question*Gender [F] 0.09373 0.02404 0.0001
Makes effective use of visual aides (blackboards, overhead, slides etc.) Gender —0.04169 0.01823 0.0226
Question*Gender [F] 0.10136 0.03182 0.0015
Provides periodic summaries of what has been covered or discussed Gender —0.0291 0.01666 0.0811
Question*Gender [F] 0.06295 0.02548 0.0138

relationships between male and female TAs for a specific
question versus overall TA rating. These results suggest
that male TAs were more valued overall when they pro-
vided “clear and comprehensive explanations,” and “clear,
relevant and understandable responses to questions”
(Fig. 1a, b). Note that in Fig. 1, the slopes of the best fit
lines are steeper, and the intercepts are lower for male
TAs than for female TAs. We interpret this as suggesting
that male TAs perceived as having low levels of “knowl-
edge/expertise” are more likely to receive an overall lower
score than female TAs with the similar low scores on the
same question. Using the same interpretation, female
TAs were valued more “overall” compared to male TAs
if they were perceived to “check to make sure that stu-
dents understand what was covered,” “provided periodic
summaries of what was covered, and “make effective
use of visual aids (blackboards, overheads, slides, etc.)”
(Fig. 2a—c).

Narrative analysis of comments for male and female TAs
who received 3,4, or 5 for overall TA rating

Of the three narrative response questions asked in the
mid-semester evaluations, two were open-ended and
one was related to communication and language use.
Thus, it is not surprising that the largest number of com-
ments were related to communication and many of those
were related to verbal and written skill (40% of com-
ments coded). Responses to the open-ended questions
were responsible for approximately 60% of the comments
(Table 6).

Of all comments about “communication of content;
female TAs received a higher proportion than male TAs,
and a higher proportion of communication comments
were positive for female than for male TAs. There is evi-
dence that female TAs also received more comments
associated with supportiveness; however, there were no

obvious differences in the proportion of positive and neg-
ative comments for female and male TAs in this category.
Male TAs received more comments regarding general
value/quality as a TA. However, comments for all TAs
in this category were positive regardless of gender. In all
other comment categories, male and female TAs received
approximately equal proportions and there were no dif-
ferences in positive versus negative remarks (Table 6).

Discussion

These outcomes shed more light on the complexity of
human perceptions as influenced by traditional social
roles and constructs that perpetuate inequity in institu-
tions including higher education. Assumptions, expec-
tations, and beliefs result in implicit/explicit biases and
perpetrate barriers to advancement of under-represented
populations in certain fields. We focused here on the role
of TA gender in student perceptions of their skills and
their overall quality as educators in a college of engineer-
ing at a large R1 university. The context of the work is
the persistent gap of female students in graduate student
roles and subsequent faculty appointments in STEM dis-
ciplines, recognizing engineering programs as one of the
largest gaps. Our results show that gender biases, similar
to those shown in female faculty members’ teaching eval-
uations (Adams et al.,, 2022; Boring, 2017; Boring et al.,
2016; Fan et al,, 2019), exist in this earlier iteration of
female instructors in higher education: PhD TAs. Student
perceptions of the performance of TAs are influenced by
the roles they see enacted in the larger societal context—
women in supportive and nurturing roles, men in roles of
knowledgeable and credible sources for answers (Adams
et al.,, 2022; Eagly & Karau, 2002). In each of the following
sections we evaluate the questions that framed the analy-
sis of five semesters of TA mid-semester evaluation data.
By triangulating the outcomes, we articulate the interplay
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Fig. 2 a-c Relationships between survey questions and overall TA Rating (by gender) for which female overall TA ratings are lower than male overall
TA ratings when female TAs are perceived as lacking in these specific skills—a makes effective use of visual aids b periodically checks to make sure
students understand what was covered, ¢ provides periodic summaries of what has been covered or discussed
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Table 6 Narrative analysis of 472 randomly selected comments on the performance of the same number of teaching assistants (TAs)

(n=324 comments for male TAs, n=148 comments for female TAs)

Comment % Male TAs % Female Fishers Exact % Positive % Negative  %Positive %Negative Fishers Exact p
Theme received TAs received  p (2-tailed) Comments Comments Comments Comments (2-tailed) Male
(total #of comments comments Male vs for MaleTAs for MaleTAs for Female for Female vs. Female (pos
comments in Female TAs TAs vs.neg)*

data subset) comments*

Communica- 6204 70.27 **0.0203 80.09 18.90 89.42 8.65 %0036

tion of content

(306)

Supportive- 4414 56.76 **¥0.023 92.30 7.69 90.36 952 0.366

ness (228)

Verbal/written 3245 27.70 0.364 67.57 3243 79.73 29.27 0.845

skills (152)

General TA 29.32 20.95 0.060 100.00 0.00 100.00 0.00 1.000
quality (126)

Knowledge 2377 25.68 0.786 96.10 3.90 94.73 5.26 1.000

(116)

Pedagogy (85) 19.44 14.86 0.192 60.32 39,68 77.27 22.72 0.199
Enthusiasm 10.18 15.54 0177 78.79 21.21 86.96 13.04 0.500

(56)

Preparedness 10.80 10.13 0317 57.17 42.86 3333 66.66 0.217

(50)

Fairness (18) 432 2.70 0.785 64.29 3571 50.00 50.00 1.000
Confidence (8) 1.23 2.70 0.360 0.00 100.00 25.00 75.00 1.000
Fun/humor (4) 0.93 0.68 1.000 100.00 0.00 100.00 0.00 1.000

Note that comment themes are listed in order of number of comments in each category. Percent negative and positive comments for male and female TAs are
reported in proportion to the total number of male and female TAs in the narrative sample. Uncorrected Fishers Exact values are reported. Holms-Bonferroni

correction was applied. See footnote

*When Holms-Bonferroni correction for multiple comparisons is applied to uncorrected Fishers exact p-values (< 0.05), none of the corrected comparisons meet the
p <0.05 criteria for statistical significance. Corrected values for comparison: ¥¥0.223, *¥*0.230, ****0.396

between overall gender bias and student expectations of
behaviors in female versus male TAs that appears to be
related to the framework of social role congruity (Eagly &
Karau, 2002).

We did not use respondent gender as a variable in our
analyses. We note that research regarding the effect of
respondent gender on teaching evaluations is mixed.
Some studies have shown trends in which students tend
to rate instructors or TAs of their own gender lower
than the alternate gender (Boring et al., 2016; Khazan
et al., 2019), while others have shown that each gender
may rate similarly-gendered instructors higher than
the alternate (Young et al., 2009). Some studies show
no trend or main effect of student gender on the out-
comes of instructor evaluations (Fan et al., 2019). In
our data, the total number of responses were evenly
split between male and female students (only 58 more
male than female respondents in 5542 total responses).
We did not determine if male or female TAs received
very different amounts of responses from either male
or female students and thus cannot be sure that there
was no effect of respondent gender. Regardless, the
implications of bias in teaching evaluations remain the

same in the context of hiring decisions and effects on
self-efficacy.

Greater likelihood of higher ratings for male versus female
PhD TAs

Our results corroborate other research that has shown
that students are more likely to rate female instructors
lower than male instructors (Adams et al., 2022; Bor-
ing, 2017; Ceci et al., 2023; MacNell et al., 2015; Mengel
et al., 2019; Mitchell & Martin, 2020; Witteman, et al.,
2019). In a previous study examining this phenomenon
in TAs, Khazan et al. (2019) did not see a significant dif-
ference in evaluation scores in an online course with a
single TA who some students believed was male and oth-
ers believed was female. There was, however, a broader
range in the evaluation scores and many more negative
comments for the purported female TA. The authors sug-
gested that distance between teacher/TA and student in
an online class may have reduced gender bias.

In our study, male PhD TAs had much higher odds
of being rated more highly than female PhD TAs on all
mid-semester evaluation questions regarding skills/
behaviors. Also congruent with other work, men had
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the highest odds ratios with respect to being perceived
as knowledgeable and providing relevant information to
students in clear, concise ways (Adams et al., 2022; Bor-
ing, 2017; Buser et al., 2022; Chatman et al., 2022; Young
et al., 2009). The two questions that showed no appar-
ent gender difference were “preparedness for teaching”
and “evaluating the course as a whole”” It is curious that
female TAs were perceived, overall, as equally prepared
for their teaching roles, yet male TAs were substantially
more likely to be rated highly at “demonstrating com-
mand of the subject matter,” “providing clear, relevant
and understandable responses to questions,” and “pro-
viding clear comprehensive explanations and instruc-
tions”—all of which, in some part, should follow from
preparedness. The fact that students’ perception of the
value of the “course as a whole” was not influenced by the
gender of the TA provides at least a check on students
reading the survey questions and distinguishing between
a question regarding the course versus those about the
work done by TAs.

Building the case for gender bias—the role of narrative
data

In a post-hoc study such as this, additional evidence
is required to substantiate the claim that consistently
higher odds that male TAs were perceived as doing a bet-
ter job represents gender bias, rather than an exposure of
the lower quality of female PhD TAs. Thus, we contrast
quantitative outcomes with the narrative analysis to fur-
ther build the argument for gender bias.

Female TAs not only received more comments related
to communication of content than did male TAs, but a
higher percent of these were positive. This is in juxta-
position to the logistic regression analysis outcomes for
three survey questions associated with content com-
munication: “communication skills,” “provides clear, rel-
evant and understandable responses to my questions,’
and “provides clear and comprehensive explanations and
instructions” Odds ratios for male TAs range between
1.33 and 1.50 for all these survey questions. Female TAs
also received more comments in the category of “sup-
portiveness” of which 90% were positive. The idea of
supportiveness is reflected in a large subset of the Likert-
scale survey questions, all of which had more favorable
odds for male TAs. The only substantively greater num-
ber of narrative comments for men was in the “overall TA
quality category”—a non-specific ranking. This parallels
the higher odds that a male TA would receive a higher
overall TA score. However, there are no other differences
between male and female TAs in either the number of
comments or the proportion of those comments that are
positive or negative for more specific categories. If male
TAs were actually “better” in these areas, we would also
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expect narrative comment data to corroborate the out-
comes of the logistic regressions in the categories related
to other survey questions like “knowledge,” “verbal/writ-
ten skills,” and/or “enthusiasm” for which the odds ratios
for male TAs were also increase compared to female TAs,
which they did not.

From the combined outcomes of the logistic regression
and the narrative data analysis we find the initial evidence
for bias against female-identifying PhD TAs. The excess
narrative comments regarding support and communica-
tion for female TAs also indicate that students may have
gendered expectations for TAs. The remainder of the
discussion explores evidence suggesting that, in addition
to a general bias against female engineering PhD TAs in
evaluations, survey results for both female and male TAs
are influenced by persistent perceptions of appropriate/
expected social behaviors.

Gendered expectations for TAs—Spearman correlations
for specific skills versus overall TA rating

We interpret the relationship between individual ques-
tion scores and overall TA rating as (1) an indication of
which behavior/skills students considered most impor-
tant, and (2) those behavior/skills expected based on TA
gender. In general, students strongly valued clear and
relevant responses to their questions and comprehensive
explanations and instructions, contextualizing learning,
and relating the topics addressed in TAs’ sessions back to
lecture materials. Least valued skills overall were provid-
ing helpful comments on assignments, making students
free to ask questions and express opinions, and fairness
in grading.

Contrary to our results, the influence of perceived
grading fairness has been shown to have at least a mod-
erate effect on student teaching evaluations for faculty
(Griffin, 2004; Marks, 2000; Spooren et al., 2013). Griffin
(2004) reported that students who did less well than they
expected or deemed instructors as non-lenient in grading
practices rated instructors lower on evaluation questions.
Our TA evaluations are intentionally formative and occur
mid-semester, so it is likely that students are less focused
on the grade they will ultimately receive in the course.
Additionally, graduate students typically do not have con-
trol over final scores that students receive, which could
be another reason that repercussions for TA ratings asso-
ciated with grading are reduced in the present study.

Spearman correlation coefficients for TA skills ratings
versus overall TA rating varied in both strength and rank-
order based on gender, and in most cases, the correlation
coefficients trended higher for female TAs as compared
to male TAs (not statistically analyzed). Most notable
differences in rank-order of importance (correlation
strength) of particular skills included higher ranking for
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female TAs for “periodically checking on student under-
standing” and “encouraging students to think in class by
asking questions” and for male TAs for “dividing time
equitably among laboratory groups”

Stronger correlations between specific survey ques-
tions and the overall rating indicate that the overall TA
rating is perhaps less arbitrary and more a function of a
set of perceived specific skills. The trend of higher cor-
relation between skills and overall TA ratings for female
TAs may suggest that their (within gender) mid-semester
evaluation scores more honestly reflect the implementa-
tion of practices for which we are seeking mid-semester
feedback than do scores for male TAs. Less scrutiny of
male TA skills due to a general bias in their favor could
lead to more variability in the correlations as well as
make the feedback less valuable as a formative tool—its
intended use.

Evidence for role congruity theory—relationships
between ratings for specific behaviors/skills and overall TA
rating by TA gender
Several studies have confirmed that student expectations
for female faculty emphasize skills and behaviors that
are both more time consuming and emotionally inten-
sive than their male counterparts (Boring, 2017; MacNell
et al., 2015; Sprague & Massoni, 2005). Recently, Adams
et al. (2022) confirmed that social role congruity influ-
enced faculty teaching evaluations and concluded that
female faculty were expected by students to do more of
the socially demanding tasks. We posited that if social
role congruity were influencing student responses on
TA teaching evaluations, the slope of the regression
lines for average score vs. average overall rating score
for some survey question would be significantly differ-
ent for male and female TAs. Results showed that female
TAs (as a whole) received disproportionately low over-
all ratings if they were perceived to be deficient in skills
related to supportive tasks like checking understanding,
occasionally providing summaries of topics or materials,
and organizational skills like using effective visuals. Note
that, like previous outcomes for female faculty, these
tasks/skills require more planning and preparation. Male
TAs who were perceived to be lacking the ability to give
clear relevant responses to questions and comprehensive
explanations and instructions were more likely to receive
disproportionately low overall TA ratings. In contrast to
expectations for female TAs, these skills valued in male
TAs are centered around conveying knowledge and direct
communication in the moment and require less prepara-
tion and planning.

In our data set, students generally valued practices and
skills that were more teacher-centered (i.e., clear, rel-
evant responses, and comprehensive explanations and
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instructions) than those more student-centered practices
that have been shown to be most effective for promoting
knowledge generation and critical thinking (providing
feedback on assignments, asking questions to encourage
thought, and creating an atmosphere where student share
opinions and are comfortable collaborating and discuss-
ing) (Connell et al,, 2016; Freeman et al., 2014; Smith
et al., 2014). If students place more value on teacher-cen-
tered pedagogy, and they show bias in attributing these
specific characteristics to male TAs, female TAs will be
even more disadvantaged in survey outcomes.
Limitations of this study are those that apply to any
post-hoc analysis that uses mixed methods to build evi-
dence and make arguments. The mechanisms and mean-
ings ascribed to correlation coefficients, interactions
between the nature of specific survey questions and
gender of TA, and the juxtapositions between quanti-
tative and qualitative analysis used to triangulate and
draw conclusions are ultimately open to interpretation.
In addition, as mentioned, the binary gender designa-
tion was used because the dataset from which these data
were obtained is antiquated. Graduate students in this
database were only offered the choices of M and F (or
U). Likely because of this, most TAs identified as M or
F. We view this as a limitation to this study. We do not
subscribe to binary gender identities and hope that a full
slate of gender identities will be available for more thor-
ough analysis in future work. We also note that our out-
comes are generalized across TAs who are engaging in
varying types of teaching tasks, and also who have vary-
ing levels of teaching experience. For future studies, it
could be particularly valuable to know how these varia-
bles influence student perceptions of TA skills by gender.
Finally, with interactions between general bias against
female TAs and bias ascribed to social role congru-
ity in our outcomes, it is challenging to articulate effect
sizes. Regardless of effect size, with the barriers faced by
women in engineering programs, any effect is too great.

Intersections, challenges, and moving toward change

Creating change and equitable opportunities for women
and other underrepresented populations in higher educa-
tion is hard and complex, particularly in disciplines that
have been historically, and are still, dominated by men.
The work of Armstrong and Jovanovic (2015) reminds
us that challenges faced by women in higher education,
while they can be studied one variable at a time, are mul-
tivariate and the more detailed information that occurs at
the intersection of gender, race, and culture needs more
attention. Solutions to increase the number of women
who are interested and successful in STEM programs
can be categorized into “supply-side” and “demand-
side” interventions (Hughes et al., 2017; Salmon, 2022).
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Programs to address supply-side challenges are preva-
lent and include providing high school and undergradu-
ate female students with programs that build confidence,
competency, and interest in STEM fields where their
numbers are low. These programs can be successful
in developing identities and skills as math and science
learners and work on the side of getting and keeping
more members of underrepresented groups in the “pipe-
line” (Akin et al., 2022; Hunt et al., 2021). Demand-side
challenges are those obstacles to women’s successful nav-
igation of and ability to thrive in these roles in the envi-
ronments where roles are enacted. Research that uses the
pipeline analogy tends to refer to these sorts of obstacles
as “leaks” in the pipeline (Almukhambetova et al., 2023;
and many others). The work shared here is representa-
tive of the demand-side challenges that are a part of per-
sistent social, institutional, and disciplinary biases. The
authors of this work believe there must be a distinction
made between what we refer to as “leaks” in the pipeline
for women in science and engineering and the barriers
created by implicit and explicit biases. “Leaks” suggest
a voluntary or passive leaving of women from STEM
pathways. The persistent biases that are constantly docu-
mented, including this work, amount to more than pas-
sive losses of women with aspirations and talent being
excluded from their chosen work. Women rather are
often being squeezed out of this work because of pres-
sure from “barriers” or “roadblocks” to persistence and
advancement, all along the “pipeline”

Studies that corroborate social role congruity theory
are disheartening because they expose a manifestation of
long-entrenched phenomena that permeate all aspects of
human experience and, as such, are not “fixable” in the
short term. Even in the few institutions where undergrad-
uate populations are now close to gender parity (as they
are at the institution from which these data come), sub-
stantial disparities in the proportion of female and male
graduate students (and faculty) persist. Demographics
of female graduate students and female faculty in ten-
ure track positions suggest that these demand-side chal-
lenges are not going away any time soon (Hughes et al.,
2017).

Several studies have suggested that this form of anony-
mous online evaluation should no longer be used for hir-
ing or promotion decisions or, at the very least, should
be supplemented by other feedback mechanisms such as
focus groups, portfolios, peer observations, and inter-
views (Adams et al., 2022; Baldwin & Blattner, 2003; Lat-
tuca & Domagal-Goldman, 2007). Peterson et al. (2019)
showed that simply reminding students about the implicit
biases against female faculty and inviting reflection on
these prior to beginning the survey removed gender
bias. Students in the treatment groups in the study were
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reminded specifically about the prevalence of gender bias
on evaluations. The intervention improved the ratings for
female faculty (n=2) but did not change the ratings for
male faculty (n=2). We agree that reminding students
about biases at the beginning of any teaching evaluation
should be a regular practice if we continue to use this
form of feedback to improve teaching effectiveness. As
Peterson et al. (2019) pointed out, while the positive shift
in scores for female faculty were important outcomes of
that study, it was impossible to know if respondents were
overcompensating for the known gender bias against
women. Considering the multidimensionality of implicit
biases, we suggest that the administration of surveys
include not only considerations of gender but all poten-
tial biases that a person might have based on their own
lived experience. Crafting a statement that invites con-
sideration of one’s unconscious biases should include
reminders about how our perceptions of gender roles,
gender identity, race and cultural, and perhaps other (i.e.,
age) differences have been shown to influence feedback
in ways that bias outcomes and defeat the purpose of the
process (Chatman et al., 2022).

We also suggest making survey questions as specific as
possible so that students are required to focus their eval-
uation on more specific tasks and pedagogical choices
related to evidence supported teaching in the classroom.
As we have shown, asking about specific, tractable behav-
iors associated with evidence supported practices will not
eliminate biases informed by students’ personal indoctri-
nation about gender roles in society, but a focus on spe-
cific skills can at least help to direct student reflection.

Finally, requiring students to answer semi-structured
narrative questions before seeing and answering ordinal
types of questions would allow for reflection and the gen-
eration of examples before viewing the Likert-scale por-
tion of the survey. If students have retrieved memories
of experiences interacting with their TAs, they may have
more reflection with which to better focus on answering
the specific question with more clarity.

Conclusions

This work examining PhD teaching-assistant evaluations
corroborates gender patterns found in student expecta-
tions and biases related to faculty teaching evaluations
and informs us that, not surprisingly, gender biases for
female educators in higher education do not begin when
they advance to faculty status, but in fact are likely one of
the many reasons relatively few women do. Our analyses
showed a general bias against female TAs and also more
complex influences of student perception of gender roles
that corroborate social role congruity theory in teaching
evaluations. Female TAs tended to receive lower overall
TA rating scores if they were perceived as unsupportive
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or if they did not make teaching accessible by checking
understanding or providing good power points. Male
TAs tended to score lower overall if they were seen as
not providing clear, relevant, and comprehensive answers
and instructions. Many studies’ authors have concluded
that SET contain biases and should not be used as evi-
dence in tenure and promotion or hiring. Evaluations
remain one of the easiest metrics with which to pro-
vide feedback on teaching practices, and so are hard to
let go. If they are used, they should be used as formative
measures for improvement of a TAs personal teaching
practice. Even in this case, inviting respondents to con-
sider their complex biases, inviting students to reflect on
semi-structured narrative answers and reflecting before
answering specific questions about evidence supported
practices, should all be added to the evaluation process.
General questions about TA quality should be avoided
and anonymous online evaluations of teaching should
not be used for hiring and promotion purposes. Pervasive
biases that stem from students’ conscious or unconscious
social expectations associated with gender will not be
completely removed from evaluation of teaching, regard-
less of our work to apply these interventions. Research on
intervention success is much needed if we intend to con-
tinue to use and thus hope to improve these tools.
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