Gender in Sustainability Studies
Systematic Gender Inequalities in STEM,
An American Perspective

Yasemin Besen-Cassino, Nina Cheung, Matthew Murray, Elizabeth Emery, Brian
Johnson, Nina M. Goodey and Amy R. Tuininga

Abstract There is a long-standing record of systematic gender inequalities for women
who study and work in Science, Technology, Engineering, and Mathematics (STEM).
This paper explores the role of gender inequality in sustainability internships. Thus, we
aim to explore the impact of internships on women to challenge systematic gender in-
equalities in STEM. As a part of a five-year National Science Foundation NSF-funded
project, we surveyed students participating in our internship in sustainability before and
after the program about their attitudes towards STEM, analyzed their responses, and
found that internships have a differential effect on women compared to men. Our find-
ings show female students show higher learning gains in all categories and benefit more
from internships.
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With the rising climate crisis and major threats to the environment, sustain-
ability and STEM are gaining attention in the United States. However, they are
not isolated issues; they can be connected to issues of inequality. The system-
atic inequalities in majoring in STEM and pursuing careers in STEM are well-
documented in the United States. Earlier studies establish that even though
women outpace men in college attendance and graduation rates, they are un-
derrepresented in STEM fields and STEM careers (Koch et al.) not only in the
United States but also in many other countries (Stoe and Geary). The system-
aticinequalities that discourage women from majoring in and staying in STEM
fields should be contemplated because prior research documents the impor-
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tance of equal gender representation in STEM fields. Women who persist in
STEM fields and become established in the field as professors or practition-
ers inspire and encourage other women. The lack of female role models and
mentors jeopardizes the future recruitment and retention of women in STEM
(Nealy et al.; Rainey et al.). Therefore, the question of what interventions can
be implemented to encourage women to study and persist in STEM should be
posed. Existing research points to the vital role of even small acts and inter-
ventions (Whalen and Shelley) to increase confidence among women. In this
paper, we focus on the gender differences in the study of STEM. In particu-
lar, we explore the role of internships as an important intervention in womern’s
attitudes towards STEM majors and careers. Do internships have differential
effects on male and female students? What is the role of internships in chang-
ing systematic inequalities in STEM in the United States?

Prior Research

Gender inequalities in STEM have been well-documented (NSF). Today, specif-
icallyin the United States, women outpace men in college attendance and grad-
uation rates, yet women are still being underrepresented in STEM fields both
as majors and later in STEM careers (NSF). The existing research on gender
inequalities in STEM operates under a few strands.

First, a substantial body of research focuses on the role of self-esteem
and perceptions of self-efficacy. Research finds that women in STEM have
much lower evaluations of self and perceptions of self-efficacy (Hilts et al.),
with female students evaluating their own abilities in a negative light and
underplaying their knowledge. A University of Pittsburgh study finds that in
physics classes, female students with A's have similar self-efficacy in physics
as male students with C’s in introductory courses (Marshman et al.). Even
with higher performance in the same course, the self-evaluations of female
students were substantially lower than their male counterparts.

Female students’ lower perceptions of their own abilities are well docu-
mented in other studies as well (Reuben et al.). In a randomized study, subjects
were first asked to perform arithmetic tasks and then assigned as either em-
ployers or candidates for potential job interviews. Each employer was assigned
a pair of candidates and asked to “hire” an employee from the pair to perform
a second arithmetic task. The researchers focused on pairs with one male and
one female candidate to see if the employers’selection and prediction of perfor-
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mance would be influenced by the candidates’ gender (Reuben et al.). Based on
the results, both women and men employers were two times more likely to hire
a male employee to perform the second arithmetic task, often despite actual
performance results. The study also considered the candidates’ self-reported
score prediction for the second task and found that male candidates tended to
boast about their performance by engaging in “cheap talk”: overestimating and
exaggerating their own performance.

Female candidates underreported their performance. Here, it can be high-
lighted that not only male candidates were more willing to inflate predictions
of their own future performance, but that employers had more favorable pre-
dictions of the male candidates’ future performance and continued to rely on
their biased preference for male candidates even when objective performance
results favored female candidates (Reuben et al.).

In addition to differences in self-efficacy and self-perception of abilities in
STEM, research also documents that women in STEM are treated differently by
others, including their professors. A double-blind study was conducted with
127 biology, chemistry, and physics professors to explore faculty members’
possible gender bias toward students. Professors were tasked with evaluating
applications of science students, assigned as either male (63) or female (64),
to a science lab manager position. Professors rated the students’ competence
and employability, deserved salary, and the amount of mentoring that they
were willing to dedicate to the applicants. The study concludes that professors
viewed female candidates as less competent, less hirable, and deserving of a
lower salary and less mentorship. The researchers also measured the profes-
sors’ liking of the female students to test possible correlation between liking
and perception of employability. They found that the professors’ liking of the
female students was not positively correlated with their perception of the
female students’ employability. Although the results of gender biases were
modest, the subtle biases held by professors accumulate and translate into
“large real-world disadvantages in the judgment and treatment of female
science students” (Moss-Racusin et al.).

These gender differences are felt especially by female students working
with male professors. In a survey-based study of 109 female undergraduate
and graduate students, Powless and team find that especially male professors’
negative and unfair elevations of female students have long-term effects. Due
to such low negative views and evaluations, they are less likely to mentor them.
This often results in isolation of women in STEM and affects women’s sense of
belonging in the field (Rainey et al.). Because of these perceptions of barriers
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and unequal treatment, women in STEM report having to work twice as hard
to get the same amount of recognition as men (O’Connell and McKinnon).

That is why many studies point to the importance of mentorship, especially
by women. An eight-year study of 150 undergraduate female STEM students at
the University of Massachusetts Amherst finds that same-sex peer mentorship
has positive effects on confidence, motivation, graduate intention, and emo-
tional health of students. For example, female participants assigned to male
mentors or no mentors declined in confidence and motivation in engineer-
ing skills and courses, whereas those assigned to female mentors were asso-
ciated with reduced decline in confidence and motivation, increased partic-
ipation in internships, increased graduation rate, higher aspirations for fur-
ther engineering education, and greater reported emotional well-being. The
impact of quality peer mentorship is notable for groups underrepresented in
STEM, such as female students in male dominated STEM majors, who benefit
personally and professionally from having a network of peers who share their
marginalized identity (Wu et al.).

However, despite the need and benefits of mentorship, research finds that
both men and women are more likely to mentor men (Saffie-Robertson). In
fact, because women in STEM are represented in lower numbers, women in
power positions in such fields might be more likely to distance themselves from
female students to avoid tokenism. Women in STEM face the pressure of con-
forming to the male-dominated field by limiting their friendships with other
women (Bergsieker et al.).

Overall, this results in women students getting less attention and mentor-
ship from both male and female professors, resulting in feelings of isolation
and lower confidence (Sterling). With fewer female STEM students, network-
ing and connecting with others is also an issue. Due to this isolation, they are
less likely to be connected to their peers and less likely to network. In this pa-
per, we explore the role of a transdisciplinary, collaborative internship program
and its effects on female students. Based on the prior research, we would hy-
pothesize that internship programs like these provide mentorship opportuni-
ties besides helping female students connect and network both with mentors
and friends. In this paper, we test the efficacy of this potential intervention: do
internship programs potentially help female students?
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Green Teams

The PSEG Institute for Sustainability Studies (PSEG ISS) at Montclair State
University started a 10-week, paid internship program called the Green Teams
in 2016 and has been offering it every summer since then. Green Teams is a
unique, transdisciplinary internship program that provides college students
with the opportunity to work on issues of sustainability. In this program, a
diverse group of advanced undergraduate students are selected nationally
through a competitive application and interview process, and then assigned
to groups of five, with each group serving a host organization. The groups are
interdisciplinary: students come from a wide range of disciplines including
natural sciences, social sciences, business administration, economics and
engineering. They also come from a wide range of backgrounds, universities
and geographic areas. The host organizations consist of nonprofit organiza-
tions, corporations, municipalities and many others. Each group works on a
concrete question of sustainability for the organization and offers solutions to
help the organizations with their sustainability goals.

Throughout this full-time internship, PSEG ISS provides interns with
training and workshops on various sustainability topics, methodological
workshops on issues of sustainability, professional development, communi-
cation as well as team building activities. Each team works together with their
organizations to achieve their deliverables. At the end of the program, the
teams provide their host organization with a comprehensive written report
of their work, as well as give a TED-talk style presentation of their work to a
broader audience. Throughout the process, the students are provided a stipend
and housing to ensure equitable participation.

The Green Teams program is particularly unique for several reasons.
Firstly, it combines both academic and experiential learning. The students
receive short instruction on a wide range of topics throughout the summer,
including environmental sustainability, green accounting, return on invest-
ment (ROI), databases, geographic information systems (GIS), professional
communications, resume development, diversity, equity inclusion and mi-
cro aggressions, methodological instructions on making surveys, and using
Qualtrics for data analysis on R. These topics cover the three pillars of sustain-
ability: economic, environmental and equity. Additionally, the program also
covers science communication, professional development as well as leadership
skills.
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Secondly, the students are grouped together in teams and paired with cor-
porations and internship sites. Students collaborate with students from dif-
ferent backgrounds and disciplines in their interdisciplinary groups of five.
The design of the internship helps the students get mentorship from both aca-
demic and corporate mentors. The team design also allows the students to net-
work with peers from different disciplines and perspectives.

Data

The data for this study comes from three-summer cycles of internship from
2021, 2022, and 2023. As a part of a National Science Foundation NSF-funded,
five-year project, participating students are surveyed before and after their
participation in the program about their views of sustainability, science, and
careers.

The Survey of Undergraduate Research Experiences (SURE) survey instru-
ment, developed and validated by Grinnell University (Lopatto) was used in
the Green Teams pre and post surveys. The SURE survey is designed to eval-
uate participants’ self-identified learning gains and perceptions of program
components. For the purposes of the study, we will only focus on the aspect
of self-identified learning gains from the SURE survey. The SURE survey con-
tains alist of 21 statements related to knowledge of the science field, from “abil-
ity to integrate theory and practice” to “understanding of the research process
in your field”. Participants were asked to rate their learning gains by choosing
one of five statements with which they most identify. The five statements are
“No gain or very small gain”, “Small gain”, “Moderate gain’, “Large gain’, and
“Very large gain”. There was also the option of “Not applicable”. SURE surveys
were supplemented with 13 demographic questions that inquired about gen-
der, race, ethnicity, academic major, and financial status.

The Green Teams pre-survey was administered within the first week of
the program to establish base-level findings. Respondents were instructed to
complete the survey through an anonymous Qualtrics link. Before the survey
was conducted, participants were reminded that their response to the survey
was appreciated, it was not required and that they reserved the right to skip
any questions and all their responses were kept confidential. The Green Teams
post-survey was administered the day after final presentations, on the last
day of the internship, with similar instructions. Participants’ answers were
collected by the survey administrator and entered anonymously into an Excel
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spreadsheet. No one else had access to the students’ information to ensure
ethical treatment of the data. Researchers then transferred the spreadsheet
to R, a programming platform. Code was used to place participants into their
appropriate groupings for each graph to assess each grouping. Individuals
who did not complete both the pre-survey and post-survey, or had conflicting
or unclear answers in regards to the specific groupings, were omitted from
the analysis. Graphs were produced showing the averages of each statement
rating.

The statements were translated into numbers, mimicking the style of a Lik-
ert scale. “No gain or very small gain” represented a 1, while “Very large gain”
represented a 5. “Not applicable” responses were not counted toward the anal-
ysis.

Findings and Analysis
Based on the three cycles of Green Team internships, we have a total of 156 par-

ticipants. Table 1 shows descriptive characteristics of the participants. The stu-
dents reflect diversity based on gender, age, ethnic background and income.

Table 1: Descriptive Characteristics of Participants

Female Male Total
Cohort Year
2021 33 23 56
2022 37 13 50
2023 30 20 50
Age Range
18-19 20 9 29
20-21 61 33 94
22-23 8 9 17
24-25 4 1 5
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Female Male Total
Age Range
26+ 6 4 10
Prefer not to answer 1 o 1
Undergraduate Academic Level
1 3 4 7
2 18 7 25
3 45 24 69
4 30 13 43
56 1 6 7
Other (Includes graduate level) 3 2 5
Pell Grant Recipient
I don't know 7 2 9
No 62 32 94
Yes 31 22 53
Ethnicity
Hispanic, Latino/a/x, or Other Spanish- 32 12 44
Speaking Culture or Origin
Non-Hispanic 63 41 104
Prefer not to answer 5 3 8
Total 100 56 156

Based on three years of pre and post data collection, we find important
gender differences in how the internship was experienced. While the benefits
of internships are valuable for all students, we find that female students report
higher learning gains at the end of the internship. This is not to say male
students do not benefit from the internship. But rather, we find that female
students benefit differently from the internship experience. There was an 11%
increase of female students who felt that they could do well in science courses
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after the internship experience vs a 7.14% increase for male students, but the
post-survey for female students is still below the pre-survey for male students.
This finding is supported by the literature. Marshman, for example, finds that
female students have lower self-efficacy and lower confidence in their own
STEM knowledge despite their actual class performance or actual mastery of
the material. From a self-confidence perspective, the internship could have an
additional benefit for female students in boosting their confidence.

The gendered benefits are not only limited to higher learning gains, but
also to differential impacts of having mentors. In our survey results, higher
percentages of female students responded positively with 4 or 5 ratings than
male students on the positive impacts that their peer mentors had on their re-
search experience with differences of 3.86% and 6.79% respectively. Although
our survey does not inquire about the gender of the peer mentors to confirm
same-sex mentor-mentee matches, it signals that the mentor and mentee rela-
tionship on an interpersonal level can have a lasting impact on the mentee (Wu
etal.). The design of Green Teams allows for both corporate mentors as well as
peer mentors and academic mentors. The literature documents that women in
STEM receive fewer mentorship opportunities, so given the lack of opportuni-
ties in the field, the internship would be more beneficial for female students,
who might otherwise have fewer mentors.

In terms of specific skills acquired during the internship, our survey asked
about a battery of 21 specific items. Some of these items include specific skills
in scientific inquiry such as analyzing data, ethical conduct, giving oral pre-
sentations, lab techniques; some measure understanding how science careers
work such as clarification of the scientific path, understanding how scientists
work, potential to teach science; and some measure self-reports such as self-
confidence, feeling like part of a community and feeling ready for research.
As figure 8 shows, in every category, female students showed higher learning
gains.

While female students reported higher learning gain averages than their
counterparts in all categories, t-tests found that both groups had significantly
higherlearning gains in “Becoming part of alearning community”, “Self-confi-
dence” and “Potential to be a Teacher of Science” in particular. These categories
are especially important because they show that the internship is building the
confidence of female students significantly more and helping female students
belong to be a part of the science community. This increased sense of belong-
ing is also reflected in how female students see their potential to be a science
teacher.
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Fig. 8: Learning Gains by Gender

Fig. 9: Learning Gains by Gender

Discussion

Overall, based on a three-year data collection of pre and post surveys with par-
ticipating students, we find that female students benefit more from the Green
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Teams internship experience. Our findings show that they show higher learn-
ing gains in all self-reported categories and are more likely to show self-confi-
dence and express higher levels of belonging in the field and profession.

These findings are important because they show significant effects in gen-
der for belonging in STEM and self-confidence. The differential effects for fe-
male students are especially important because fewer female students feel like
they belong in STEM majors or plan for STEM careers due to low representa-
tion, limited advancement and workplace issues (O’Connell and McKinnon).
These structural barriers and negative perceptions limit female representation
in STEM majors and careers. Sears, Jessup and Matthews show that experi-
ences that focus on building identity help to diversify the pipeline. The Green
Teams internship program, in particular, offers a unique opportunity for stu-
dents of sustainability to engage in internship and collaborate in groups, with
specific emphasis on issues of identity, diversity and inclusion. These identity
focused discussions and focus on issues of diversity and inclusion could con-
tribute to the female students’ sense of belonging.

Hilts et al. find that confidence is a central component of achieving equity
and inclusion for female STEM students. The Green Teams internship struc-
ture allows for confidence building, particularly for female students simply
through increased focus on mentorship, which is often not available to female
students. By having designated corporate and academic mentors, the intern-
ship program functions to build confidence.

The Green Teams Program also encourages a collaborative and interdisci-
plinary team-based approach to internship. Working in groups allows students
to express their own values and contribute to the group, learn about the val-
ues of others, and find belonging in academic and professional settings. This
particular design could also be important in building confidence. As opposed
to working alone or being isolated, the team design allows the students to see
their particular contribution to the group. Seeing the direct effects of their con-
tribution and its effects to the final deliverables would potentially help build
confidence. Additionally, the group design would help the students connect
with other peers, expanding the networks of students, which can also increase
confidence.
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Limitations

While our findings point to higher learning gains and benefits for female stu-
dents, these differences are based on self-reports through the participants’ sur-
vey responses. Our data does not measure whether the participants did, in fact,
increase their knowledge of science, but rather we measure their perceptions of
how the internship impacted their knowledge of science. The self-report struc-
ture of the data does not allow us to parse out whether female students actu-
ally learned more, or whether their perceptions of self-reports are higher. We
would argue that the gain is important regardless. A substantial portion of in-
equality in STEM comes from women's lower evaluations of self-efficacy and
self confidence in their knowledge rather than differences in actual knowledge.
Differences in confidence and self-efficacy are central contributors to gender
inequality. Therefore, exploring these differences and identifying mechanisms
to overcome systematic differences can help pave the way for equitable STEM
participation for women and men.

Conclusion and Future

This paper focuses on the role of interdisciplinary internship experiences in
understanding access and representation in STEM. Prior research shows that
an important component of gender inequality in STEM comes from the lower
self-perceptions of female students compared to their male counterparts.
Moreover, issues of self-efficacy, self-confidence and self-esteem in science
impact women’s persistence in STEM majors and careers. Additionally, prior
research documents gender differences in mentorship: where female stu-
dents report having fewer mentorship opportunities. Our findings show that
internships such as the Green Teams Program have important effects on
female students. While positive internship effects are present for both male
and female students, our pre and post survey findings suggest, internship
experiences are invaluable for female students because the provide females
with the opportunity to interact, learn from, and identify with others in the
field. Female students report feeling more confident and gaining more from
their internship experience. It is important to note that based on our data,
we are not able to tell specifically the cause of this higher learning gain. It
is possible that women benefited more from this experience and had higher
learning gains simply because they had an internship since men are more
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likely to receive these benefits in the field as they prior research documents. It
can also be because of the interdisciplinary nature of the internship that they
gained a sense of agency and expertise in the field and were able to see their
contributions in relation to others in the group. It could also be due to the
group nature of the internship that they benefited from the interactive aspect
of the experience or a combination of these factors. To identify these causes
of these gendered effects, the next step would be to explore these potential
factors through more qualitative data collection techniques with interviews
and focus groups.

While our dataset currently focuses on gender, further studies can explore
potential inequalities among STEM students based on differences in race and
ethnicity. We plan to collect more data in future cycles of the program. As a
part of our ongoing NSF-funded project, we are planning on replicating the
same pre-post surveys with the new internship cohort in the 2024 cycle to in-
crease our sample size. In addition to the quantitative data, we will be collect-
ing qualitative data — particularly interviews in focus groups — to better under-
stand the mechanisms through which female students benefit. We would like
to take further steps to complement the trends that we spotted with qualitative
interviews to gain a better sense of the mechanisms and lived experiences of
internship experiences from the perspectives of the female students.
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