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Abstract

Background: Women and ethnic minorities remain underrepresented in science, technology, engineering, and
math (STEM) fields. The goal of this pilot study is to better understand the beliefs and experiences of underrepresented
US students pursuing STEM. Our focus was to gain insights into their mentorship experiences and preferences regarding
having mentors who are gender and ethnicity matched. Environmental and psychological factors associated with
participants’ decision to pursue STEM, such as family influences, academic mindsets, and attitudes towards STEM, were
also studied.

Methods: We developed a survey tool based on published literature and established instruments, including measures of
STEM belonging, science identity, and growth mindset, as well as measures assessing students’ views on their STEM
participation. We surveyed members of a STEM-focused non-profit who were in college, graduate school, or were recent
graduates.

Results: Forty-eight adults currently pursuing STEM responded to the survey. The majority (71%) were female and nearly
all (96%) identified as an ethnic minority. Most reported knowing someone of their same gender (68%) or ethnicity (66%)
with a STEM career who served as a role model. The majority (54%) stated that meeting a STEM professional of their own
gender and ethnicity would be effective encouragement to pursue STEM. A similar percentage (56%) believed that media
exposure to gender- and ethnicity-matched STEM professionals would be effective encouragement. Most (73%)
demonstrated a growth mindset and had strong family support to pursue STEM (68%). Only two-thirds (66%) felt
they belonged in STEM careers, and 30% agreed that people in their STEM classes are a lot like them.

Conclusion: This study contributes additional information on the views and experiences of diverse students
actively pursuing STEM. Most participants indicated the importance of meeting and being mentored in STEM by
those of their same gender and ethnicity, either in person or through media. Future educational efforts to increase
STEM diversity should consider students’ mentorship preferences and facilitate interactions with matched-background
mentors accordingly, with consideration given to the use of media. Educators should focus on inclusive learning by
highlighting the accomplishments of diverse STEM professionals, to help strengthen feelings of STEM belonging.
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Background
Women are significantly underrepresented in STEM
(science, technology, engineering, and mathematics)
fields in the USA, making up less than a quarter of those
working in STEM occupations (Noonan, 2017; Ong,
Smith, & Ko, 2018). Representation of women of color is
even lower, with Hispanic, Asian, and African American
women each receiving less than 5% of STEM bachelor’s
degrees in the USA (Ong et al., 2018; National Center
for Education Statistics, 2017). People of color are also
underrepresented in US STEM leadership positions
across the industry, academia, and the federal workforce
(Wu & Jing, 2013). Increasing representation of women
and people of color in STEM fields can help increase di-
versity, creativity, and innovation in STEM. However,
there is limited data available on underrepresented stu-
dents who are pursuing STEM careers regarding factors
associated with their participation in STEM.
Several factors may influence participation of under-

represented students in STEM. These may include both
intrinsic psychological factors and external environmen-
tal variables, such as their mentorship experiences and
preferences, their academic mindsets, STEM attitudes,
and family background characteristics. By examining the
views and experiences of diverse STEM students across
these domains, insights can be gained which may help
develop strategies to facilitate STEM participation by
other underrepresented students.
One factor thought to be relevant to persistence and

success in STEM is the academic mindset or the psych-
ology and key beliefs of a student (Rattan, Savani,
Chugh, & Dweck, 2015; Walton, 2014). An important
academic mindset is whether students feel a sense of
“belonging” or acceptance and fit in STEM (Ito &
McPherson, 2018). Prior research suggests that gender
and ethnicity can impact feelings of acceptance, with
students from underrepresented groups reporting more
uncertainty about whether they belong in their academic
fields than students from well-represented demographic
groups (Ito & McPherson, 2018; Walton & Cohen, 2007;
Zaniewski & Reinholz, 2016). Feelings of belonging and
interest in STEM contribute to a student’s STEM iden-
tity or the degree to which someone perceives STEM to
be a key component of their sense of self (Kim & Sina-
tra, 2018; Robnett, Nelson, Zurbriggen, Crosby, & Che-
mers, 2018). Another academic mindset that can
influence STEM participation is whether students view
intelligence as fixed and something they cannot change
(fixed mindset) or instead view it as something that can
be developed over time with effort and dedication (a
growth mindset). Growth mindsets have been found to
especially benefit women and underrepresented minor-
ities in math and science (Rattan et al., 2015).

Feeling a greater sense of belonging in STEM can have
a positive impact on academic achievement and reten-
tion in STEM, particularly for women and students of
color (Rattan et al., 2015). STEM belonging in underrep-
resented students may be influenced by relationships
with mentors (Robnett et al., 2018). Mentoring is
thought to be one possible approach to engage and re-
tain more students in STEM, and mentoring relation-
ships may be particularly helpful to improve diversity in
STEM among underrepresented groups. However, lim-
ited data are available from minority STEM students re-
garding their mentorship experiences and preferences, as
relatively few studies have explored whether having a
mentor of the same ethnicity and gender (a matched-
background mentor) is personally important to women
and students of color in STEM. Past studies have largely
focused on populations that are well-represented in
STEM, such as Caucasian males, but there remains a
need to better understand how experiences may differ in
women and students of color who have demonstrated
persistence in STEM.
Research has shown that women and men form gender

roles in childhood, largely based on their exposure to
media and popular culture (Olsson and Martiny 2018;
Steinke, 2017). Media images often depict men and
women in traditional gender roles, which can negatively
impact the STEM career choices women make (Olsson
and Martiny 2018; Bian, Leslie, & Cimpian, 2017). Dou,
Hazari, Dabney, Sonnert, and Sadler (2019) found that
talking with friends and family about science and con-
suming science media in childhood were predictive of
STEM identity in college. The types of media that stu-
dents are being exposed to are rapidly changing, and the
current generation of students spends a great deal of
time interacting with media platforms and gaining ex-
posure to social media influencers (Pew Research Cen-
ter, 2019). Exposure to ethnically diverse STEM
professionals through media (including social media)
might be utilized to support and encourage underrepre-
sented students to pursue STEM either instead of, or in
addition to, live interaction. Media exposure could be
particularly valuable given the scarcity of female and un-
derrepresented minority professionals available to serve
as mentors and role models to potential STEM students.
By analyzing mentor characteristics that are important
to minority STEM students, researchers can better de-
termine how media exposure to STEM professionals can
be used to support their career goals.
This pilot study’s objective is to better understand the

perspectives and experiences of underrepresented stu-
dents in STEM across several domains which may be as-
sociated with their STEM participation. The study
population is unique in that it consists of nearly all
women and people of color who are actively pursuing a
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career in STEM, most of whom have demonstrated
STEM persistence through at least their second year of
college. Our focus was to gain insights into their men-
torship experiences and preferences regarding exposure
to a gender- and ethnicity-matched mentor, either in
person or through media, to help determine what men-
tor characteristics would motivate underrepresented stu-
dents to pursue STEM careers. We also surveyed the
respondents on environmental and psychological factors
that may be associated with their decision to pursue
STEM, such as childhood and family influences, atti-
tudes towards STEM, and their academic mindsets re-
garding science identity, growth mindset, and feelings of
STEM belonging.

Methods
We developed a survey tool based on published litera-
ture and previously used instruments which included
measures of STEM belonging (Lewis et al., 2017), sci-
ence identity (Vincent-Ruz & Schunn, 2018), and growth
mindset (Rattan et al., 2015; Leslie, Cimpian, Meyer, &
Freeland, 2015), as well as measures assessing students’
views on their STEM participation. The Institutional Re-
view Board (IRB) indicated the study is exempt under 45
Code of Federal Regulations (CFR) § 46.104(d)(2) be-
cause this is an anonymous survey study. Consent to
participate was obtained after students were given suffi-
cient information about the survey and asked if they
wanted to complete an anonymous survey. In order to
protect subject privacy, no names or identifiers were col-
lected. We emailed the survey to the members of a
STEM-focused educational non-profit organization
(MiOra) and peer contacts in STEM fields. The educa-
tional nonprofit has a mission to improve diversity in
STEM, with a focus on serving women and underrepre-
sented minorities. Data was collected between June 2019
and February 2020. Descriptive statistics were used to
report the results of students’ views on their participa-
tion in STEM across several domains including family
background, importance of mentor match, STEM atti-
tudes, and academic mindsets.

Results
A total of 48 subjects who are pursuing STEM com-
pleted the survey, and all were adults age 18 years or
older (mean age 25.4 ± 7.8 years). The majority (71%) of
survey respondents were female. Nearly all were students
of color: 46% were Hispanic, 42% Asian-American, 8%
African-American, and 4% Caucasian. Gender propor-
tions were consistent across ethnicities. A total of 5%
were high school students, 52% were college students
(mostly juniors and seniors), 11% were graduate or med-
ical school students, and 32% were recent graduates. Re-
spondents’ parent education levels were relatively high:

32% had completed high school or less, 8% had attended
technical school, 33% had at least some college, and 27%
had attended graduate school.

Childhood STEM experiences and family influences
Participants were asked about their childhood STEM ex-
periences and family influences, and they rated specific
characteristics as either true or false about themselves
when they were a child (12 years old or younger; Fig. 1).
Approximately one third of the respondents reported
having a parent in a STEM career, and most (68%) had
parents who encouraged them to pursue STEM careers.
The majority knew someone of their same gender (68%)
or their same ethnicity (66%) with a STEM career out-
side their families to serve as a role model while growing
up. About half stated that they watched shows or movies
that featured people of their same gender (55%) or eth-
nicity (43%) with STEM careers. Overall, these students
tended to have strong parental support and exposure to
role models of their same ethnicity or gender to encour-
age them to pursue STEM. They wanted to have a
STEM career from a young age and enjoyed STEM-
related media as children. Importantly, about one-third
(32%) did not believe people like themselves had STEM
careers.

Gender- and ethnicity-matching preferences
When students were asked what would encourage others
of their same gender and ethnicity to pursue a STEM
career, over half of the respondents (54%) stated that
meeting STEM professionals of their own gender and
ethnicity would be effective encouragement, whereas
39% stated that meeting STEM professionals of any gen-
der or ethnicity would be effective (Fig. 2). Most respon-
dents (56%) also agreed that exposure to media (social
media, TV, etc.) featuring STEM professionals of their
own gender and ethnicity would be effective encourage-
ment versus 39% who stated that media featuring STEM
professionals in general would be effective (Fig. 2). Not-
ably, the data suggested that exposure to ethnicity- and
gender-matched STEM professionals in the media is
equally as likely to encourage students to pursue STEM
careers as meeting those same STEM professionals in
person (56% vs. 54%; Fig. 2).

Familiarity with diverse STEM professionals
Participants were asked whether it would be easy for
them to name STEM professionals of particular gender
and ethnicity combinations, in order to understand their
familiarity with diverse STEM professionals. We also
asked about their ability to name social media influen-
cers of the same gender and ethnicity combinations, to
provide a comparison point. Less than 30% of respon-
dents could easily name a Hispanic or African-American
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STEM professional of either gender, whereas twice as
many (62%) could name a white male STEM professional
(Fig. 3). Although the majority of respondents identified
themselves as female, they were 4 times as likely to be able
to name a white male than an African-American female
STEM professional (62% vs. 13%; Fig. 3). Twice as many
respondents could name an African-American female so-
cial media influencer vs. STEM professional (33% vs. 13%;
Fig. 3). These results suggest that surveyed students may
have greater familiarity with Hispanic and African-
American female social media influencers than STEM
professionals. The relatively low ability to name STEM

professionals, unless those professionals are Caucasian
males, indicates a broad opportunity to increase awareness
of diverse STEM professionals through media exposure.

STEM attitudes and academic mindsets
To better understand students’ reasons for pursuing a
STEM career, participants were asked to rate their be-
liefs and attitudes towards STEM on a 1 to 6 scale where
1 represented “strongly disagree” and 6 represented
“strongly agree.” The percentage of responses in the two
top categories (strongly agree or agree) is summarized in
Fig. 4. Most respondents agreed that STEM topics excite

Fig. 1 Childhood STEM experiences and family influences. Which of the following were true about you when you were a child (12 years or younger)?

Fig. 2 Preferences regarding gender- and ethnicity-matched mentors. What do you think would encourage more people of your gender and
ethnicity to pursue STEM careers? The majority of respondents (54%) believed that exposure to a STEM professional of their own gender and
ethnicity would encourage them to pursue STEM. A similar percentage (56%) believed that media exposure to gender- and ethnicity-matched
STEM professionals would be effective encouragement

Kricorian et al. International Journal of STEM Education            (2020) 7:16 Page 4 of 9



their curiosity (85% strongly agreed/agreed) and that
doing STEM is cool (83%), suggesting they found their
STEM studies interesting and meaningful. Recreational
and social enjoyment of STEM was common, but not
universal. About 60% agreed they like to talk with their
friends or family about STEM. Approximately half (49%)
said they follow STEM news on social media/websites,
and 47% indicated they watch movies or shows about
STEM careers. Despite respondents' positive attitudes
toward STEM and interest in STEM careers, approxi-
mately half felt STEM careers were too expensive (46%)
and required too much schooling (46%), and 17% indi-
cated that STEM careers were too hard.

Prior research has shown that a sense of belonging
and a positive STEM identity can be associated with
interest and retention in STEM (Rainey, Dancy, Mickel-
son, Stearns, & Moller, 2018; Kim & Sinatra, 2018). We
surveyed participants regarding their academic mindsets,
based on previously used instruments which included
measures of STEM belonging (Lewis et al., 2017), growth
mindset (Rattan et al., 2015; Leslie et al., 2015), and sci-
ence identity (Vincent-Ruz & Schunn, 2018). Respon-
dents rated their agreement on a 1 to 6 scale, where 1
represented “strongly disagree” and 6 represented
“strongly agree.” The percentage of responses in the two
top categories (strongly agree or agree) is summarized in

Fig. 3 Familiarity with diverse STEM professionals. Which of the following can you name easily? Respondents were 4 times as likely to be able to
name a Caucasian male than an African-American female STEM professional (62% vs. 13%). Twice as many respondents could name an African-
American female social media influencer vs. STEM professional (33% vs. 13%)

Fig. 4 Agreement with STEM attitude statements (percentage of respondents who strongly agree/agree)
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Fig. 5. Although respondents were pursuing STEM ca-
reers, not all agreed that they saw themselves as a STEM
person (66%) or that people like them belong in STEM
careers (66%). Only 30% agreed that people in their
STEM classes were a lot like them. Respondents demon-
strated growth mindsets: they agreed that with the right
amount of effort and dedication, anyone can become a
top scholar in STEM (73%). Consistently, only about
30% thought that a special ability which cannot be
taught is needed to be a top STEM scholar.

Discussion and conclusions
The goal of this pilot study was to better understand the
beliefs and experiences of underrepresented students
who are actively pursuing a career in STEM. A unique
aspect of this study is its focus on a diverse population
that is nearly all women and people of color, a group for
which limited data are available. We sought to describe
the views of this cohort across key domains associated
with their participation in STEM. By examining the pref-
erences and attitudes of these unique students, we can
gain insights into factors associated with their decision
to pursue STEM, which may help develop strategies and
interventions to encourage more underrepresented stu-
dents to do the same.
Few studies have assessed the importance of mentor

attributes by focusing on the experiences and prefer-
ences of women and minorities successfully pursuing
STEM careers. In this study, the majority of respondents
knew someone of their same gender (68%) or their same

ethnicity (66%) with a STEM career outside their fam-
ilies to serve as a role model while growing up. Most
participants indicated the importance of meeting and be-
ing mentored in STEM by someone of their same gender
and ethnicity. Given the scarcity of female and minority
professionals who are available to be one-on-one, in-
person mentors to potential STEM students, this study
also examined whether mentoring could be accom-
plished virtually through media so that each STEM pro-
fessional could extend their mentoring impact.
Interestingly, most students believed that media expos-
ure to ethnicity- and gender-matched STEM profes-
sionals would be effective encouragement to pursue
STEM. These findings have implications that can poten-
tially be used to help increase the representation of
women and students of color in STEM fields. Educators
can help build interest in STEM and encourage under-
represented students to pursue STEM careers by asking
about their mentorship preferences and then connecting
students with mentors accordingly, with consideration
given to the use of virtual interaction through media.
Previous studies have examined mentorship through

online networks and its outcomes. Blake-Beard, Bayne,
Crosby, and Muller (2011) followed students who used
an online mentoring network (MentorNet) and were
linked to distal mentors primarily through text-based
media (e.g., e-mail). The investigators found that having
a virtual, e-mail-based mentor who was matched in gen-
der or race was important to women and students of
color and led to increased mentoring help being

Fig. 5 STEM belonging, growth mindset, and STEM identity (percentage of respondents who strongly agree/agree). Most respondents (73%)
demonstrated a growth mindset, believing that with the right amount of effort and dedication, anyone can become a top scholar in STEM.
However, even though they were pursing STEM, not all felt like they belonged in STEM careers (66%), saw themselves as a STEM person (66%), or
felt that people in their STEM classes were a lot like them (30%)
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provided. However, students who were mentor-matched
did not have improved academic outcomes. Dennehy
and Dasgupta (2017) examined the impact of traditional
live peer mentoring and found evidence that it did im-
prove outcomes. In that study, freshman women engin-
eering majors who were assigned a female (but not
male) peer mentor experienced greater belonging, confi-
dence, and retention in their engineering major through-
out college. The population examined in that study
consisted of predominantly Caucasian students.
The results of our current study provide novel infor-

mation and extend prior research by providing data on
the views of a cohort that is almost exclusively non-
Caucasian students of color, with the largest percentage
of respondents surveyed identifying as Hispanic. The
number of students of color in our sample contributes
additional insights into this unique population in STEM.
While our study did not directly examine student out-
comes, nearly all of the students surveyed in our cohort
successfully persisted in STEM through at least their
second year of college, having made it through a period
traditionally associated with significant drop-out from
STEM fields.
The consideration of media as a potential pathway for

mentorship may represent a more novel and modern ap-
proach to mentor interactions. The current generation
of students, and minority students in particular, are
spending a large percentage of their time interacting
with media (Montgomery, 2018; Pew Research Center,
2019). We found that women and students of color are
relatively familiar with minority social media influencers,
but may not have been exposed to media depictions of
minority female STEM professionals to the same extent.
Most surveyed students indicated that matched mentor-
ship through virtual media could be effective and this
approach may have important differences from email-
based interaction. Mentorship via text-based media (e.g.,
email), as studied by Blake-Beard et al. (2011), may not
contain the visual and auditory information that could
convey important similarities between mentors and
mentees. These similarities may help mentees identify
more closely with mentors. Perhaps, use of media-based
mentoring interactions that include such visual and
auditory cues between mentors and mentees could lead
to more positive outcomes from virtual mentorship than
email-based mentoring. Women and minority STEM
professionals on social media may be well positioned to
have a positive influence on the STEM identity of under-
represented students. This area is ripe for further re-
search, especially as improved technology continues to
make mediated interactions more multisensory and
realistic.
Researchers and educators should explore opportun-

ities to provide mentorship exposure through media and

assess its impact and potential benefits. Using digital
media for exposure to role models and mentors can help
to reduce financial and time burdens on current female
and minority STEM professionals. Although only half of
the respondents indicated they watched shows that fea-
tured STEM professionals of their same gender or ethni-
city in childhood, they may not watch these media
simply because the media is not widely produced. Most
currently available STEM shows and movies feature
Caucasian males, highlighting the opportunity for
greater gender and ethnic representation in media.
We also found that family context during childhood

appears to have been important in motivating students
in this cohort to seek STEM careers. Most students re-
ported they wanted a STEM career from a young age,
enjoyed STEM-related media as children, and had fam-
ilies that encouraged them to pursue a STEM career.
Nearly 60% said they currently talk to their families and
friends about STEM. Family encouragement and support
have been found to be important factors in students’
ability to amass the social and cultural capital required
for educational success (Mishra, 2020). Prior research
has shown that positive academic reinforcement, espe-
cially from family members, is associated with improved
educational achievement among minority students, even
if those family members did not attend college them-
selves (Elliott and Bachman 2018). Specific to STEM,
parental involvement and interaction are thought to
have important influences on students’ science engage-
ment and identification with science. Talking with
friends and family about science and exposure to science
media in childhood have been shown to predict STEM
identity in college (Dou et al., 2019). The influence of
family support in the success of women and students of
color in STEM should be further investigated, to assess
strategies that could strengthen familial advocacy for
youth aspiring to enter STEM fields.
Helping women and minorities develop strong iden-

tities and academic mindsets related to STEM is a po-
tential opportunity to address underrepresentation in
STEM. Surveyed students tended to demonstrate growth
mindsets, largely agreeing that with the right amount of
effort and dedication, anyone can become a top scholar
in STEM (73%) and disagreeing that success in STEM
requires a special ability which cannot be taught. Al-
though respondents were students pursuing STEM, not
all felt they belonged in STEM (66%) or saw themselves
as a STEM person (66%). Less than a third (30%) agreed
that people in their STEM classes were a lot like them.
Our data provide some evidence that these beliefs
started to form early in childhood, as about one third
(32%) of respondents recalled that, as children, they did
not think people like them had STEM careers. This feel-
ing of not belonging, coupled with minority students’
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inherent challenges with pursuing a STEM education,
could lead some to feelings of alienation and eventual
abandonment of the STEM career path. Access to
matched mentors, whether through traditional in-person
mentorship or digitally through visual media, could po-
tentially help strengthen feelings of belonging and STEM
identity among minority students and should be ex-
plored further.
The current research is not without limitations. The

survey conducted had a limited number of respondents
who were members of a STEM-focused non-profit com-
munity whose mission is to improve diversity in STEM
fields. Future research should be done with larger popu-
lations that include Caucasian students, and/or in a
mixed method study, so that comparisons between gen-
der and racial groups can be further explored. Additional
research should assess whether underrepresented stu-
dents’ STEM pursuits are impacted by visual media ex-
posure to matched STEM mentors and whether this
exposure is causally associated with increased feelings of
STEM belonging, stronger STEM identity, and improved
outcomes in STEM. If so, media-based mentors could be
further utilized to support participation and retention of
underrepresented students in STEM fields. By having
students and role models of the same gender and ethni-
city connected through media, minority students may
find it easier to envision themselves working in STEM
fields. This is an important area for future research.
In conclusion, this study provides additional information

towards understanding the views and experiences of
women and students of color who are pursuing STEM.
The findings have implications for strategies and interven-
tions that can potentially be used by educators to help
support STEM participation among diverse students. Re-
spondents reported strong family support to pursue
STEM subjects, stated that STEM topics excited their
curiosity, and largely demonstrated a growth mindset.
Most indicated the importance of being mentored in
STEM by those of their same gender and ethnicity, either
in person or through media. Future educational efforts to
increase diversity in STEM fields should take students’
mentorship preferences into account and facilitate interac-
tions with matched-background mentors accordingly, with
consideration given to the use of visual media-based inter-
action. Although students were actively pursuing STEM,
not all felt like they belonged in STEM careers or that
people in their STEM classes are a lot like them. Educa-
tors should focus on inclusive learning by highlighting the
accomplishments of diverse STEM professionals more
broadly, both in the classroom and through media, to help
strengthen feelings of STEM belonging.
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