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Abstract

Gender bias in science has been thoroughly researched and it is well known that women are underrepresented within
post-secondary Science, Technology, Engineering, and Mathematics (berein STEM) programs. Limiting women’s participation
in science carries beavy consequences for both the economy and scientific community. Therefore, gender inequality must be
addressed with urgency. This research is focused on the following research questions: 1) are there gender differences in bhow
students perceive the underrepresentation of women in STEM; 2) are there gender differences in student support for initiatives
that could enhance gender equity in sTEM? Not surprisingly, the results suggest that women consider proportionate gender
representation to be more important than men (61.9% vs. 39.6%; X* [2, 158]=7.05, p=0.029, Cramer’s V=0.211). Further,
when considering their own experiences, 20% of female respondents reported feeling underrepresented at university. These
perceptions were more common among women studying STEM subjects than other subjects (33% vs. 14%; x* (I, 339)=16.9,
p<0.001, Cramer’s V=022). Women expressed a greater level of support than men _for many programs that would address
this issue and a greater level of interest in participating in them. This interest was heightened among women who felt un-
derrepresented. This suggests that women desire opportunities to connect with like peers through outreach and mentorship
programs. These solutions require increased levels of resources, as well as the cooperation of those who do not identify as
underrepresented individuals. Post-secondary institutions should consider this as they develop new ways of addressing this

issue.
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1 INTRODUCTION

ecent data has shown that although women
earn a greater number of post-secondary degrees,
they remain underrepresented among STEM de-
ree earners'. Within Canada’s prairie region, fe-
male students are less likely to major in Agriculture, Chem-
istry and Physics, Computer Science, Engineering, General
Science and Mathematics than male students®. Within this
region, the only STEM subject area where a greater number
of female than male undergraduate students declare majors
is Biologyz. Similar findings have been documented within
this subject area, across degree levels®. This suggests that
there is generally a more equal gender distribution within bi-
ology, but also that the women earning STEM degrees remain
highly concentrated within certain science subjects such as
biology and are scarcely found within other disciplinesl. For
example, within the prairie region less than 15% of Engineer-
ing majors are female?. This is the lowest rate of female repre-
sentation in any STEM discipline across all of Canada?. These
statistics suggest that additional efforts are required to ad-
dress such gender disparities across STEM subject fields.

*$

Failure to address the gender gaps within these fields has
many negative consequences for the economy and the scien-
tific community, and therefore the underrepresentation of
women in STEM is an issue which should be addressed with
urgency. By ignoring the availability of female labour we in-
hibit the development of scientific knowledge and economic
growth within the sTEM industry as a whole#. This is par-
ticularly troubling as new STEM jobs are emerging at an in-
creasing rate and additional labour will be required to fill
these positions (Dasgupta and Stout, 2014). Although post-
secondary STEM programs can play a critical role in respond-
ing to this trend by training the future workforce?, it remains
clear that these institutions have been relatively unsuccess-
ful at closing these gaps. Women’s labour is in no short sup-
ply as women make up a significant portion of both the stu-
dent population within post-secondary institutions and the
labour market®. Therefore, women should play an impor-
tant role in the STEM workforce® .

Unfortunately, when women exit STEM programs the
knowledge and strengths they bring to the discipline are
lost®. Women have the ability to make valuable scientific
contributions® and as underrepresented individuals, their
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experiences allow them to make unique contributions’. In-
corporating a greater number of perspectives provides new
possibilities for scientific research”. Therefore, efforts to in-
crease gender representation should be viewed as a strategy
for strengthening diversity within STEM and a way of devel-
oping scientific inquiryé.

Women navigating paths towards STEM careers must
complete relevant training within post-secondary institu-
tions. Unfortunately, the climate women enter within many
university STEM programs has been identified as a factor
which prevents their retention and achievement®. Many
women report that they have faced gender bias, as well as dis-
crimination and harassment throughout their education®.
For example, women may be prevented from accessing the
same experiences within science and technology through-
out their developmental years and continue to see a lack of
equal opportunities for women in science throughout their
academic careers, which contributes to limited experiencess.
From an early age boys are socialized in a way that encour-
ages them develop an interest in activities that relate to STEM,
whereas girls are socialized to develop an interest in other
areas’. Therefore, girls may not receive the same exposure to
these activities that boys do’. For example, this may include
learning about technology through video gamess.

Due to the limited number of women in STEM pro-
grams, women lack social support which may allow them to
deal with adverse situations. The development of interper-
sonal relationships is considered to contribute to a stronger
sense of belonging among STEM students’. Further, Rainey
et al® observed a correlation between a student’s sense of be-
longing within their major and the number of students of
that gender studying that major. For instance, male students
were more likely than female students to indicate that they
felt like they belonged in their STEM major9. Furthermore,
the underrepresentation of women in STEM creates multi-
ple barriers to establishing successful role model and mentor-
ship relationships6. Many female STEM students feel they do
not have female role models to look up to throughout their
education®®. This would suggest that women in STEM re-
quire additional ways of networking with like peers and role
models®.

Therefore, post-secondary institutions should be inter-
ested in taking steps to address unsatisfactory program cli-
mates and feelings of underrepresentation among students as
this could enhance the quality of the learning environments
within the institution. In response to the issue of women’s
underrepresentation in STEM, many post-secondary institu-
tions have begun to seek out and initiate strategies which en-
courage and support women’s participation in STEM. The
present study has two main objectives:
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1. to identify factors that influence perceptions of un-
derrepresentation among post-secondary students,
which would include gender and program of study;

2. to assess students’ interest in initiatives which create
supportive networks for female STEM students.

2 MEeTHODS

Research Questions

Building on the literature, our work is guided by the fol-
lowing research questions: 1) Are there gender differences
in how students perceive the underrepresentation of women
in sTEM? and 2) Are there gender differences in student
support for initiatives that could enhance gender equity in
STEM?

2.1 Data Collection

The method employed for this study was the was that of the
University of Manitoba Student Equity Survey (umses)™.
The survey addressed a great variety of themes as the overall
purpose was to better understand the potential differences in
university climate for students in STEM and non-STEM fields.
The areas of discussion included: 1) choice to pursue cur-
rent academic program; 2) anticipated career path; 3) opin-
ion on equity programs in terms of the importance of such
programs and predicted participation in such initiatives; 4)
perceptions of underrepresentation at university in general
and within their program; 5) incidents of discrimination and
harassment experienced or witnessed; and 6) General demo-
graphic information.

This study specifically addresses opinions on equity ini-
tiatives (UMSEs discussion point 3), perceptions of under-
representation (UMSEs discussion point 4), and general de-
mographic information (UMSES discussion point 6).

2.2 Description of Variables

The measures included in the survey were designed specifi-
cally by the Principal Investigator of the umses, Jenna Rapai
as part of her M.Sc. research. Her decisions were informed
by a general review of the literature, public information, and
personal experiences'

The first factor (Factor 1) pursued in analysis was gen-
der. A crude definition of gender which allowed students to
differentiate between “Female”, “Male”, and “Other” gender
identities was pursued for statistical purposes. Due to an in-
adequate sample size of respondents who reported marginal-
ized gender identities, this study cannot account for the ex-
periences of these students. In social research, researchers are
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Table 1: Questions used to measure students’ perception of their own
underrepresentation in STEM (Perception 1),

# Perception Descriptor

Ia Do you feel underrepresented in any of the courses you
take?

1b Do you feel underrepresented in your program?

Table 2: Common explanations of why women are underrepre-
sented in STEM used to measure students’ perceptions (Perception 2).

# Perception Descriptor

2a Male students are disruptive towards female students in
learning

2b Women are more interested in arts than science

2¢ Women in STEM are unfairly evaluated at a higher stan-

dard
2d Examples in education biased to males
2e There is a lack of female professors to act as role models

of Males are hostile toward women in STEM

28 There are not enough female professors who can act as
role models for female students in STEM

2h Hiring committees consist mainly of men

2i Policy makers consist mostly of men

Table 3: Community building (CB) initiatives.

# CB Initiative Descriptor

CB1 Outreach within elementary schools

CB2 Outreach within high schools

CB3 Read brochure or literature

CB4 Voluntary workshops for faculty

CBs Guest speakers who are members of underrepre-

sented groups speaking about their experiences
CB6 Voluntary workshops for students
CB~ Mandatory workshops for students
CBs Mandatory workshops for faculty
CBo Blogs or Twitter feeds

CB1o Apply to a specific program to be eligible for schol-
arships and bursaries
Table 4: Structural change (SC) initiatives.

# SC Initiative Descriptor

SC1 More opportunities for part-time students

SC2 Longer library hours

SC3 Electronic library resources

SC4 Formalized mentorship programs

SCs Centre providing support
SC6 Conferences

-

bound by ethics protocols which require a minimum of
five similar cases in order for results to be shared. There-
fore, this study centers around differences between female
and male experiences within the university setting.

The second factor (Factor 2) pursued in analysis was
program of study. Students had the opportunity to indi-
cate which academic faculty they were enrolled in. During
data analysis the researchers differentiated the responses by
“sTEM program” and “non-STEM program”. The “sTEM
program” category included the Faculties of Science, Engi-
neering, and Agriculture.

In order to measure students’ perceptions of their own
underrepresentation (Perception 1, Table 1), questions were
asked with options for responses of “Yes”, “No”, and “Some-
times”. “Yes” and “Sometimes” considered indicators of per-
ceptions of underrepresentation. In our analysis, students
who answered yes to at least one of these questions are de-
scribed as “feeling underrepresented”. Within this study the
focus is limited to examining perceptions of underrepresen-
tation on the basis of gender identity.

In order to measure students’ perceptions of the un-
derrepresentation of women in STEM (Perception 2, Table
2), the survey questions addressed common explanations of
why women are underrepresented that have been discussed
across the literature on the topic. Students then expressed
their level of agreement with the statement based on their
perceptions of why women may be underrepresented on
a likert scale as possible responses ranged from “Strongly
agree” to “Strongly disagree”.

The survey questions also focused on the importance of
various proposed initiatives and students’ predicted partici-
pation in them. These initiatives were proposed by the orig-
inal authors of the survey and were based on student initia-
tives that could be implemented by universities at no or low
cost, initiatives that could appeal to all students, and initia-
tives that are clearly focused on advancing women students
in STEM, including initiatives that might require substantial
funding.

A first set of initiatives were based on community build-
ing (CB) programs (Table 3). Students expressed how im-
portant each initiative was with their options ranging from
“Very important” to “Very unimportant” and rated their
predicted level of participation from “Very likely” to “Very
unlikely”.

The questions regarding a second set of initiatives also
addressed potential changes to the organizational structure
(structural changes: SC) of the institution (Table 4). Stu-
dents expressed how important each initiative was with their
options ranging from “Very important” to “Very unimpor-
tant” and rated their predicted level of participation from
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Male students are disruptive to
female students in learning

Women are more interested in
arts than science careers

Women in STEM are unfairly
evaluated at a higher standard

Examples in education biased
to males

Males hostile toward women
in STEM

Not enough female professors
in STEM

Hiring committees consist
of men

Policy makers consist mainly
of men

Common Explanations for the
Underrepresentation of Women

0 12.5 25 37.5 50

Students in Agreement (%)

Figure 1: A comparison of how male (grey bars) and female (black
bars) respondents rated their agreement with common explanations
of why women are underrepresented in STEM (Perception 2). Each
of the common explanations variables were proposed by the origi-
nal authors of the survey. Significant differences between men and
women have been indicated with asterisks (%)

Blog or Twitter Feed
Outreach:
Elementary Schools

Reach Brochure/
Literature

Voluntary Workshops
for Faculty
Guest Speakers

Voluntary Workshops
for Students

Mandatory Workshops
for Students

Mandatory Worksholps
for Faculty

Proposed Community Building Initiatives

Outreach: High Schools

0 20 40 60 80
Students who Rated "Important" (%)

Figure 2: A comparison of how male (grey bars) and female (black
bars) respondents rated the importance of the proposed initiatives
aiming to address the underrepresentation of women in STEM. Each
of the initiative variables were proposed by the original anthors of
the survey. Significant differences berween men and women have
been indicated with asterisks (*).
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More Opportunites for
Part-Time Students

Longer Library
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Electronic Library
Resources

Formalized Mentorship
Program

Centre Providing
Support
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Underrepresentation
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Figure 3: A comparison of how male (grey bars) and female
(black bars) respondents rated the importance of proposed struc-
tural changes aiming to address the underrepresentation of women
in STEM. Each of the structural initiative variables were proposed by
the original anthors of the survey. Significant differences between
men and women have been indicated with asterisks (*).
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Figure 4: A comparison of how male (grey bars) and female (black
bars) respondents rated their predicted participation in the proposed
initiatives aiming to address the underrepresentation of women in
steM. Each of the initiative variables were proposed by the origi-
nal authors of the survey. Significant differences berween men and
women have been indicated with asterisks (*).
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Proposed Initiatives
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Figure 5: A comparison of bow female sTEM respondents who per-
ceive and do not perceive that they are underrepresented rated their
predicted participation in the proposed initiatives aiming to address
the underrepresentation of women in STEM. Significant differences
(p<0.5) berween men and women bave been indicated with asterisks

(%) grey bars: did not feel represented, black bars: felt represented.

“Very likely” to “Very unlikely”.

The sample was composed of male and female under-
graduate and graduate students at the University of Mani-
toba, with a targeted oversampling framework of students
within sSTEM faculties. The gender distribution also included
an overrepresentation of female students, with a total of 369
female and 163 male respondents. With regards to recruit-
ment, the email addresses of students currently enrolled in
undergraduate programs were obtained by the research team
and all respondents were recruited through an email invita-
tion. All of the surveys were filled out online using an online
survey program. Once responses were collected, the data was
analyzed by the research team using spss. Bivariate statistics
were generated using chi-square.

3 REsuLTS

3.1 Underrepresentation

311 General Perceptions of Gender Underrepresentation

Students’ responses illustrate clear differences in percep-
tions of underrepresentation within university in general
and within their program of study, based on respondent’s
gender (Factor 1) and status as a STEM vs. non-STEM Stu-
dent (Factor 2). In relation to Perception 1, students’ per-
ceptions of how their own identities are represented var-
ied. Overall, 20% of female respondents reported feeling un-
derrepresented at university, regardless of their program of

study. However, female students enrolled in a STEM pro-
gram (33%), were significantly more likely than those in non-
STEM programs (14%; x? [1, 339]=16.9, p<0.001, Cramer’s
V=0.22) to indicate that they feel underrepresented. In rela-
tion to Perception 2, students expressed differences in how
important they regarded the representation of marginalized
identities. STEM students from marginalized groups were
more likely to think it is important that their respective iden-
tities are proportionately represented. For example, 61.9% of
female sTEM students thought proportionate gender repre-
sentation was important, compared to 39.6% of male STEM
students (x2 [2,158]=7.05, p=0.029, Cramer’s V=0.211).

312  Opinions on Possible Causes of Gender Underrepre-
sentation

In relation to Factor 1, generally among the STEM popula-
tion, males and females expressed similar levels of agreement
with the proposed explanations of why women are under-
represented (Fig. 1). For example, in response to statements
such as “Male coworkers in sTEM fields sometimes behave
in a hostile way towards women in their fields” (Perception
2f), 26.3% of females and 21.3% of males were in agreement.
This difference was not statistically significant.

In response to the proposed explanations of why women
are underrepresented, the only significant difference ob-
served between male and female STEM students was Percep-
tion 2b, “Women are more interested in arts than science ca-
reers”. In response to this statement male students (25.0%)
were almost two and a half times more likely than female stu-
dents (10.5%) to agree (X [2,157]=12.69, p=0.001, Cramer’s
V=0.284).

Female respondents who reported feeling underrepre-
sented due to their gender were significantly more likely,
than female respondents who did not feel underrepresented
on the basis of their gender, to agree with “there are not
enough female professors that can act as role models for fe-
male students in STEM”, (Perception 2g) (42.1% vs. 22.7%;
X2 [2,113]=6.6, p<0.05, Cramer’s V=0.24).

Among the overall population of students, female stu-
dents were significantly more likely than male respondents to
agree with Perception 2i, that policy makers consist mostly
of men (45.2% vs. 29.4%; 2 [2, 525]=17.6, p<0.001,
Cramer’s V=0.18), Perception 2h, hiring committees con-
sist mainly of men (39.4% vs. 26.4%; x* [2, 524]=21.3,
p<0.001, Cramer’s V=0.20), and Perception 2g, that there
are not enough female professors teaching in sSTEM disci-
plines (36.1% vs. 27.3%; x? [2,527]=6.5, p<0.05, Cramer’s
V=0.11).
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3.2 Support for Initiatives

321 Gender Differences

In relation to Factor 1, support for a number of initiatives
aiming to increase gender representation varied greatly be-
tween STEM men and women (Fig. 2), with many statisti-
cally significant differences. STEM women were significantly
more likely than men to indicate that almost all of the ini-
tiatives were important. The only exception was reading a
university blog or Twitter feed (CB Initiative 9). Roughly a
quarter of both men (23.4%) and women (24.1%) who re-
sponded indicated that this would be important. Interest-
ingly, among both female and male sTEM students the ini-
tiatives or programs which were believed to be of the greatest
importance were based around outreach, with significantly
greater rates of support from female students. Over three-
quarters of STEM females (79.0%) and more than half of
males (60.4%) thought that CB Initiative 2, outreach pro-
grams to high schools, was important in order to promote
the participation of a given gender in a field where they
are underrepresented (x? [2, 158]=7.01, p=0.030, Cramer’s
V=0.211), while nearly two-thirds of female students (63.8%)
and less than half of males (43.4%) reported that CB Initia-
tive 1, outreach within elementary schools would be impor-
tant, (x? [2,158]=7.19, p=0.027, Cramer’s V=0.213).

322 Structural Changes

In relation to Factor 1, it is clear that female STEM students
were significantly more likely than male sTEM students to
support policy amendments related to the structural initia-
tives (Fig. 3). These suggestions are considered to be “struc-
tural” in nature as they would require a higher level of in-
volvement of university administration and would poten-
tially change the organizational structure of the academic
institution. When questions center on issues of childcare,
for instance, female STEM students were more supportive
than male STEM students of SC Initiative 1, providing more
opportunities for part-time studies, as it may help students
with children to complete their degree in a timelier man-
ner (85.0% vs. 66.7%; x> [1, 206]=9.6, p<0.01, Cramer’s
V=0.22).

A significantly higher number of female than male re-
spondents also supported SC Initiative 2, extending library
hours, in order to assist students with young children 74.6%;
Y2 [1, 208]=4.0, p<0.05, Cramer’s V=0.14). There were sig-
nificant differences observed between female (55.8%) and
male respondents (35.1%) in regard to SC Initiative 4, the
implementation of formalized mentorship opportunities in
programs with gender underrepresentation. Significantly
more women than men were in support of such an initiative
(x? [1,207]=8.8, p<0.01, Cramer’s V=0.21). SC Initiative S,
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the creation of a centre that would provide support for pro-
grams with gender underrepresentation, was also thought
to be significantly more important among women than
men (49.1% vs. 28%; x? [1, 207])=9.6, p<0.01, Cramer’s
V=0.22)(Fig. 3).

3.3 Participation in Initiatives

331 Gender Differences

In relation to Factor 1, results regarding respondents’ pre-
dicted participation in such initiatives also varied greatly be-
tween male and female sTEM students (Fig. 4). The great-
est variances were in response to CB Initiative 2, high school
(41.9% vs. 21.2%; x2 [2, 157]=9.03, p=0.011, Cramer’s
V=0.240) level and CB Initiative 1, becoming an ambassador
in an outreach program at the elementary school level (37.1%
vs. 21.6%; x% [2,156 ]=11.32, p=0.003, Cramer’s V=0.269).
Among female STEM students, half of the proposed initia-
tives received over 40% of respondents’ interest (Fig. 4). No-
tably, programs that involved “role modeling” were among
those that received such levels of support. For example,
among the community building initiatives this would in-
clude CB Initiative 2, becoming an ambassador in an out-
reach program to high schools (47.8%), and Initiative 1, be-
coming an ambassador in an outreach program to elemen-
tary schools (44.2%); and among the structural initiatives
this would include SCInitiative iv) participating in a formal-
ized mentorship program as a volunteer peer-mentor at the
university (48.2%).

Although not shown, female STEM students who
thought the proposed initiatives and programs were impor-
tant were significantly more likely to express an interest in
participating in them.

332 Differences Based on Perceptions of Underrepresenta-
tion

In relation to Factor 1, differences in respondents’ interest
in participating in the initiatives were also analyzed among
STEM females who felt underrepresented and those who did
not (Fig. 5). Most of these differences were insignificant.
However, female sSTEM students who felt underrepresented
were significantly more likely than those who did not feel
underrepresented to express interest in SC Initiative 4, by
both participating in the formalized mentorship program as
a volunteer peer-mentor (65.8% vs. 39.2%; X2 [2,112]=7.6,
p<0.05, Cramer’s V=0.26) and receiving mentorship from
another peer (52.6%), CB Initiative 2, becoming an ambas-
sador in outreach programs both at the high school (63.2%)
level, CB Initiative 1, becoming an ambassador at the elemen-
tary school (55.3%) level, as well as CB Initiative 5, attend-
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ing free guest lectures given by members of underrepresented
groups (58.3%).

4 CONCLUSIONS

We observed that women report feeling underrepresented at
the university at a greater rate than men and further, women
who study within STEM programs are more likely to feel un-
derrepresented than those who study within other fields.

In response, these women particularly desired the imple-
mentation of programs which help to strengthen their social
ties within STEM. The results revealed that STEM women
overwhelmingly indicated that they would likely participate
in mentorships and outreach programs, while many also rec-
ognized that there could be structural changes made within
the University which would ensure women are supported
in STEM programs and are better connected with their like
peers. Furthermore, support and predicted participation in
the proposed initiatives was also greater among women who
indicated that they felt underrepresented themselves, which
suggests that these women are eager to find new opportu-
nities to connect with like peers in their programs. Post-
secondary institutions should prioritize their role in improv-
ing the learning and working climate for their members and
should develop a response to women’s underrepresentation
which considers these findings. Based on these findings we
would propose two recommendations to post-secondary in-
stitutions.

Firstly, increased support should be provided to under-
represented gender groups. Many of these students are eager
to enact change by participating in community building ini-
tiatives, but would require resources to establish such pro-
grams. There is a large portion of literature which supports
the benefits of community building initiatives for underrep-
resented students in STEM. Recent research by Robnett!!
argues that in order to reduce the negative effects of gender
bias, supportive networks can be created through various ini-
tiatives targeting women studying in sTEM fields. Her rec-
ommendations include developing interventions to meet the
specific needs of the women in specific STEM programs and
partnering with outreach programs. Therefore, discretion
over the structure of such programs will be held by each insti-
tution. However, in order to insure that the structure reflects
the needs of the students who are engaged in the program,
post-secondary institutions should seek input from students
as they develop these programs. In addition to students’
prior notions about STEM fields or the ways students believe
they are perceived by their peers, the sense of community
within their program is an important factor that influences
retention and achievement!?. There could be many bene-
fits to implementing community building programs which

-

5

would be received by the student’s and post-secondary insti-
tutions, including a greater level of inclusivity within Univer-
sity STEM programs, higher rates of enrolment and retention
and improved academic performances among women.

In order to ensure that the learning climate within STEM
programs becomes a more socially inclusive place for stu-
dents of all gender identities, men and women who do not
feel underrepresented would need to be engaged in this pro-
cess. Encouraging a broader audience to take part in learn-
ing and discussing these issues would require creative efforts.
Many sTEM students and professors may vary in their under-
standing of equity, equality and diversity issues; however, in
order to effectively carry out solutions, sharing of this knowl-
edge will be critical. For example, one proposed solution
could be discussing these issues within the courses that stu-
dents are taking. This could help to familiarize everyone with
the experiences of underrepresented students and ensure in-
formation about strengthening gender equity will be com-
municated in a consistent manner to all.
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