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Abstract

In the absence of real-life role models, women scientists portrayed in the media enable young women to imagine themselves as
future scientists. Both traditional media and social media have the potential to provide role models, but their representations
of scientists reinforce, rather than challenge, long-standing gendered stereotypes. Women Doing Science, a social media
effort, was founded by the authors to address this representation gap by sharing daily photos of diverse women in science,
technology, engineering, and math (STEM) with accompanying research descriptions in English and in other languages. To date,
Women Doing Science has highlighted over 800 scientists to an audience of ~100,000 followers from around the world, who
are primarily women in undergraduate and graduate STEM degree programs. Here, we evaluate the success of the Women
Doing Science Instagram page in portraying women scientists with diverse racial and national identities. Furthermore, we
explore which aspects of posts drive higher engagement from the audience. We find that our Instagram audience has higher
engagement with posts featuring Women of Color, multiple languages, and posts that challenge stereotypes associated with
women in STEM. In addition, we find that Women of Color are more likely to include additional aspects of their identity
in their biographies, and that a primary reason our audience follows the page is because of the diversity portrayed in the
posts. These results imply the powerful potential for social media platforms like Instagram to source diverse role models
that expand conventional images of STEM professionals and allow international audiences to develop their STEM identities.
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much lower rates than their White female colleagues (Ford
et al., 2019; Hurtado & Figueroa, 2013; National Science

Introduction

Internationally, women and minoritized racial and gender
groups are underrepresented in science, technology, engi-
neering, and math (STEM) fields (Botella et al., 2019;
Shannon et al., 2019), despite the demonstrated benefits of
diverse teams in innovation, problem solving, and other key
aspects of scientific research (Hofstra et al., 2020; L. Hong &
Page, 2004; Medin & Lee, 2012; Swartz et al., 2019). For
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example, in the United States, despite women representing
nearly half of the workforce, they only account for 27% of
STEM workers (US 2020 Census). Examining the intersec-
tion of gender and race reveals the compounding impact of
racism and sexism, with US Women of Color giving scien-
tific talks, receiving PhDs, and getting faculty positions at
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Foundation [NSF], 2018). Recent studies point to the impor-
tance of role models for the development of STEM identity
and subsequent retention in STEM of individuals from
minoritized groups (Steinke, 2017), especially role models
who share their gender (Gonzalez-Pérez et al., 2020) or race
(Johnson et al., 2019). Interactions with role models and
mentors with intersectional identities are consistently
invoked as priority interventions in improving the diversity
of the STEM workforce, especially for STEM graduate stu-
dents (McGee, 2019). Such interventions have led to some
improvements in the racial and gender diversity of STEM
graduate students (National Academies of Sciences, 2018).
However, women and members of minoritized racial groups
remain underrepresented at higher levels, that is, postdoc-
toral researchers and faculty. For example, though female
Earth and ocean scientists in the United States now earn
more doctorates than their male peers each year (Bernard &
Cooperdock, 2018), only 27% of US geoscience faculty are
women (Ranganathan et al., 2021). STEM fields have even
more pronounced inequities for Black and Hispanic students
(Riegle-Crumb et al., 2019) and faculty (Li & Koedel, 2017).

In the absence of real-world mentors who share key
aspects of their identities, STEM graduate students from
underrepresented groups may find vicarious role models
through socio-cultural representations of scientists, such as
those in traditional media (e.g., television, movies, maga-
zine; Fujioka, 1999; Steinke, 2017). Significant attention has
therefore been given to the way scientists, particularly
women in STEM, are portrayed in traditional media. Such
women often suffer from stereotyped representations,
depicted as subordinates or assistants to male scientists,
struggling to balance familial and/or personal obligations,
and with increased emphasis on their appearance, sexuality,
and domestic qualities compared with their male counter-
parts (Elena, 1997; LaFollette, 1982, 1988; Nelkin, 1995;
Steinke, 1999; Steinke & Long, 1996). For example, in a
study of magazine articles, researchers found that the most
common portrayal of famous marine biologist and author
Rachel Carson was as a so-called emotional woman (Losh,
2010). Online media platforms exhibit similar representation
issues, with hypersexualized representations of women sci-
entists and scientists depicted as mostly cisgendered male,
White, able-bodied, middle class, and heterosexual (Mendick
& Moreau, 2013). These underwhelming depictions of
women scientists also decrease aspiring female scientists’
continued interest in science and technology (Microsoft,
2017). Stereotyped and homogeneous representations of sci-
entists may therefore have a negative impact on the future
diversity of the STEM workforce, perpetuating the under-
representation of groups who cannot identify with the avail-
able images of STEM professionals (Steinke, 2017).

Studies have suggested that science educators can weaken
these pervasive gender-related stereotypes by highlighting
more examples of diverse scientists (Miller et al., 2015),
especially via the integration of narrative content (Arya &

Maul, 2012; H. Hong & Lin-Siegler, 2012). Social media
such as Instagram, YouTube, and Facebook may offer an
improved outlet for such depictions of women scientists, par-
ticularly in terms of reaching younger audiences who tend to
prefer online media content over traditional media outlets,
such as magazines, film, and television (Perrin, 2015).

The volume of content on social media is greater than tra-
ditional media and posts are not limited to professional jour-
nalists. This gives individuals more agency in determining
posted content and more opportunity to promote diverse
examples of women scientists. As such, STEM content has
significantly grown on social media, with science related
Facebook posts up 115% from 2014 to 2017 (Funk et al.,
2017). Millions of people worldwide follow science-related
pages, demonstrating the capacity for STEM-related social
media to reach wide audiences (Hitlin & Olmstead, 2018).
On Instagram, engagement trends are visible from hashtag
usage, with #STEM (3.7 million posts), #womeninSTEM (1
million), #STEMeducation (801k), and #SciComm (391k).
With this surge of STEM content comes individual and group
STEM content creators, who vary in age, STEM field, race/
ethnicity, and career field. Finally, although studies on the
impact of social media STEM content are limited, initial
studies have identified links to reduced stereotypes: partici-
pants who viewed self-portraits, for example, selfies, of
female scientists were less likely to perceive scientists as
largely male (Jarreau et al., 2019).

There is a distinct need to characterize social media’s
potential to represent diverse women scientists, and how
aspiring future scientists interact with such representations.
Here we investigate these questions using data from the
Women Doing Science Instagram page. Women Doing
Science was founded in 2018 to address the lack of diversity
in portrayals of scientists on social media. The movement
began as an Instagram page featuring daily photos and biog-
raphies of diverse international women scientists and has
since expanded to Twitter and Facebook. Since its founding,
the Women Doing Science Instagram page, hereafter, Women
Doing Science, has reached almost 100,000 followers from
around the world and has profiled over 800 women scientists
and engineers doing research in the lab, field, and office. The
hashtag #womendoingscience has been used in over 25,000
posts. Women scientists submit 150-200-word captions
through a Google form for editing by a Women Doing
Science team science writer, and the captions are often trans-
lated to a second language. The Women Doing Science team,
which includes groups focused on translation, recruitment,
and science writing, actively aims to showcase scientists
with varying identities (e.g., race, location, field of study) to
our audience of largely undergraduate and graduate women
interested in STEM.

In this study, we investigate whether posts on Women
Doing Science do reflect a diverse, international community
of women scientists, and how followers of the account have
chosen to interact with, and have been affected by, such
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content. Given the active recruitment efforts of the Women
Doing Science team, we hypothesized that posts would rep-
resent a higher percentage of historically minoritized groups
(i.e., Hispanic/Latino, Native American/Alaskan Native,
Black—as defined by the National Science Foundation
[NSF]) than reported populations. Although we anticipated
that most posts featured American scientists with monolin-
gual English captions, many Women Doing Science team
members are from outside the United States, and our experi-
ence with the page suggested that this was also true of the
page’s followers. We therefore hypothesized that Women
Doing Science had international reach in terms of both coun-
try of origin and language. To investigate how followers
interact with the page, particularly which aspects of the
Instagram posts drove engagement, we compared normal-
ized post “likes” with demographic information and caption/
photo content, surveyed Women Doing Science followers for
their perceptions of the page, and investigated case studies of
high-engagement (top 1 percentile of engagement) posts. We
hypothesized that followers would engage more with, and
therefore value, more diverse visual representations of scien-
tists. Here, we considered diversity broadly, including cap-
tion content (e.g., talking about outreach, mentoring), racial/
ethnic diversity (e.g., posts of Women of Color), and nation-
ality (e.g., non-US scientists, having bilingual captions).
This analysis allows, for the first time, an intersectional
exploration of how diversifying representations of female
scientists on social media can impact role model formation
and STEM identity.

Methods

Featured Scientists Survey

A survey designed to collect demographic information was
sent to scientists previously featured on the Women Doing
Science Instagram page via email. Reminders were sent peri-
odically to encourage participation over a few months. The
survey included 17 demographic questions (including seven
on race/ethnicity, three on sexual orientation/gender identity,
and three on other underrepresented characteristics in STEM
like neurodivergence and disabilities) and four questions on
career path (including position and field of study).

Racial identity was queried through two questions: whether
a respondent was a woman of color (WOC) and whether they
were a Black or Indigenous woman of color (BIWOC), allow-
ing scientists to choose one, both, or neither. Responses were
separated into BIWOC, WOC who are not Black or Indigenous
(hereafter simply “WOC”), and non-WOC (those who
responded “no” to each race-related question).! Second, scien-
tists in the United States were asked to report their race accord-
ing to designated US census categories (American Indian/
Alaskan Native, Asian, Black, or African American, Native
American or other Pacific Islander, or White). Field of study
categories were defined from subcategories of the NSF Survey

of Earned Doctorates (SED) and were later aggregated to
increase the statistical power of our analyses. Academic career
stage was similarly collapsed into pre-graduate school, gradu-
ate education (including masters, dental, veterinary, and medi-
cal students), postdoctoral researchers, and professor/staff
scientists. Age groups were adopted following bins used by
Instagram’s built-in analytics. Finally, scientists were classi-
fied by their self-reported country of origin.

Data From Instagram Posts

Reach data (number of unique views, regardless of whether
the viewer follows the Women Doing Science page) were
retrieved manually from each post (n=572) via the Instagram
analytics feature. The first 132 posts did not have reach data,
as they were published before Women Doing Science was an
Instagram business account, which enables account holders
to view post analytics. The number of likes per post was col-
lected using Instamancer, an open-source project that pulls
information about a user’s posts using the Instagram public
Application Programming Interface (https:/github.com/
ScriptSmith/instamancer). Engagement was defined as the
number of “likes” divided by reach. This is a strategy com-
monly adopted by social media analytics programs (e.g.,
Buffer, Later) and has been used in previous social media
science communication studies to normalize the number of
“likes” a post gets to the audience size (Amarasekara &
Grant, 2019). Intuitively, a post that received 100 “likes” but
is viewed by 150 people should be interpreted differently
than a post with the same number of likes but is seen by
10,000 people. Normalization to number of followers is not
recommended, as these data are not as reliably available, and
many non-followers view content on social media. This nor-
malized engagement metric served as our primary dependent
variable for the study.

Captions from each post were collected using
Instamancer and manually coded for themes: outreach (e.g.,
working with K-12 students), mentoring (e.g., discussing
their mentor or mentee), STEM identity (e.g., being a scien-
tist, being a female scientist), science communication or
policy (e.g., running a podcast, interning in science policy),
racial or ethnic identity (e.g., being a Latina scientist), or
the absence of any additional information (i.e., only sci-
ence). Themes were classified and refined using an iterative
constant comparative process with two sequential coders
(Glaser, 1965). Any disagreement between coders was
resolved by discussion between the authors. Bilingual cap-
tions were classified by language using the R textcat pack-
age (Hornik et al., 2013). These bilingual captions were
excluded from thematic analyses, as adding in a translation
often requires scientists to remove other content from their
biography to fit within Instagram’s character limit. Images
were manually labeled based on the location of the first,
featured photo (i.e., field, office, lab, or blackboard) and
whether the subjects of the photo were looking directly at
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the camera or whether the subject was actively “doing”
science—a.k.a. an “action shot.” We chose to investigate
these aspects of photos to cover other potential drivers of
engagement that might interact with demographic variables
like race and language, and because previous research has
suggested that photos of faces on Instagram receive high
engagement (Bakhshi et al., 2014).

Instagram Followers Survey

A second survey was developed for followers of the Women
Doing Science Instagram page and was posted periodically
to the account’s “stories” over approximately one month.
Participants were informed that completion of the question-
naire was voluntary, and that consent could be withdrawn at
any time. Following consent, participants were asked an
identical subset of demographics questions as those to fea-
tured scientists, including race, age, and location. Next, sur-
vey participants were asked three free-response questions
regarding their engagement with the Women Doing Science
Instagram page and seven multiple choice/ “select all that
apply” questions on how they engage with posts. There were
10 questions on ranking preferences on Women Doing
Science posts and captions, for example, if they preferred to
see posts of women scientists who shared their racial identity
or who had a range of racial identities.

Statistical Analyses

All analyses were performed in R version 4.0.2 (R Core
Team, 2020). Data were visualized across intersections of
demographic variables with sufficient sample size: race, age,
academic position, and field of study. Two-way ANOVAs
(analyses of variance) were performed on normalized
engagement data across all demographic variables and cap-
tion/ image content classifications, in addition to their inter-
actions, to determine whether there were differences across
categories. Significant main effects and interactions were
further interrogated using Tukey’s pairwise tests.

Chi-square tests were applied to caption data to determine
whether the proportion of posts explicitly mentioning each
theme was different across respondent demographics.
Follow-up pairwise proportion tests were performed with a
Bonferroni correction for multiple comparisons. Women
Doing Science posts were sorted by engagement and the top,
middle, and bottom 10% (nmp=31, Madte =275 Ppoom=37)
posts were extracted to identify which demographic charac-
teristics drove minimum and maximum engagement. Chi-
square tests were used to compare the proportion of
demographics across each of the subsets.

Responses from followers about why they follow the
page were analyzed using y? tests to determine whether
preferences about page content differed by race. Finally,
recurring topics in free response data from the audience
were determined using the topic modeling algorithm latent
Dirichlet allocation (Blei et al., 2003), which defines topics

by defining recurring sets of words within documents. Topic
models including between 2 and 20 topics were run to inves-
tigate the optimal number of topics for each question.
Average topic coherence (a measure of internal consistency
of the terms within a topic) and r? (percentage of variance
explained) were used holistically to determine the optimal
number of topics per model. There was considerable overlap
in the topics for both models—for instance, variations on
“inspire” occurred in 7 of the 17 topics from the reasons for
“following” model. As such, similar topics were combined
into broader themes for ease of interpretability. Additional
details about the development and evaluation of topic mod-
els can be found in the Supplementary Information. Percent
agreement between coders across themes in these topic
models was ~85% (Cohen, 1960).

Results

Featured Scientists Survey

We tested whether the Women Doing Science Instagram
page was successful at portraying racial, ethnic, and
national diversity in featured scientists. The demographics
survey emailed to scientists featured on Women Doing
Science had 294 unique responses (~50% response rate).
Although the survey questions spanned numerous aspects
of identity (e.g., disability, sexual orientation, first-genera-
tion status), only four categories had sufficient sample size
for statistical analysis: age, race, academic position, and
field of study (Figure 1). Some survey respondents indi-
cated non-binary gender identity—we will therefore gener-
ally refer to people who have been featured as “scientists”
throughout this article, although it should be noted that a
majority identified as female. Survey results indicated that
nearly three out of four (72%) featured scientists were
graduate students (Figure la). Undergraduates accounted
for 8% of features, post docs for 11%, and professors and
staff scientists for 9%. These proportions were similar for
WOC, though a significantly higher percentage of featured
BIWOC were graduate students (80%, Figure S1). The
most frequent age group of featured scientists was 25-34,
accounting for 75% of posts (Figure 1b). An additional
16% of posts featured scientists aged 18-24, while 8%
were 35-44, 1% were 45-54, and < 1% were 55+.

Respondents indicated a range of fields of study (Figure 1c),
with 42% in biological sciences, 22% in Earth, space, and
ocean sciences, 8% in physical sciences, 7% in engineering,
7% in health and medicine, 5% in social sciences, 4% in math-
ematics and computer sciences, and 5% in other fields (e.g.,
education, communication, interdisciplinary studies). There
were also differences between non-WOC, WOC, and BIWOC
by field of study (Figure S2).

As expected, many survey respondents were from the
United States (40%, 119 posts, Figure 1f). The demographic
makeup of this subset was compared with the US 2010
Census and the 2018 NSF SED (NSF, 2018; Figure 1e). The
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Figure |. Results from the demographic survey of scientists featured on the Women Doing Science Instagram page for (a) academic
position, (b) age, (c) field of study, and (d) race. (e) Race/ethnicity was also collected for participants from the United States by
categories designated by the US Census. Note that unlike the US Census and NSF SED, respondents to our survey could select multiple
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with results displayed in a natural log (base e) frequency plot in (f).

Women Doing Science page over-represented minoritized
groups, including Black scientists (26% in posts, 13% in US
population, 6% in NSF SED), Latinx scientists (34% posts,
15% US population, 7% NSF SED), and Native American/
Alaskan Native scientists (1% in posts, <1% in US popula-
tion, <0.5% in NSF SED). Despite the large proportion of
respondents from the United States, location was generally
geographically varied, with 66 unique countries of origin
represented. Frequent countries included the United
Kingdom (17 posts), Australia (12), Canada (12), Brazil (8),
Mexico (7), and Turkey (7).

Engagement Across Instagram Posts

Normalized engagement (number of likes divided by num-
ber of views) was investigated across demographic catego-
ries of featured scientists. This allowed us to test our

hypothesis that followers engage more with, and therefore
value, more diverse visual representations of scientists.
There were no significant differences in engagement across
age, field of study, or academic position (Figure S3), even
when separated by race of the featured scientist (WOC,
n=61; BIWOC, n=47; non-WOC, n=181; Figure S4; all
p>.05). However, race showed a marginally significant
effect on engagement, with higher engagement for features
of WOC and BIWOC versus non-WOC, F(2, 286)=2.53,
p<.1; Figure 2a. Furthermore, % tests of top, middle, and
bottom 10% of posts showed differences in the proportion
of WOC, BIWOC, and non-WOC in each group, (1,
19)=34.247, p<.001. WOC are more frequently featured in
top performing posts compared with bottom percentile
posts, (1, 22)=4.271, p<.05, while non-WOC are fea-
tured in a higher proportion of lower performing posts,
x2(1, 45)=34.247, p<.1 (Figure 2d).
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Bilingual captions, which accounted for 30.4% of posts
(n=174), spanned 29 languages. Spanish was the most fre-
quent, with 44 posts. Other romance languages were also
common, especially French (17 posts), Portuguese (15), and
Italian (9). Other frequent bilingual posts were in Turkish
(14), Mandarin (13), German (11), and Arabic (10). Bilingual
posts showed a marginally higher engagement than monolin-
gual posts, #(330.58)=-1.78, p<.1.

It is important to consider, however, that these two
effects might interact. When the language of the posts
and the race of the featured scientists were entered into a
2x2 ANOVA, there was a significant language by race

interaction, F(2, 283)=3.997, p<.05. Follow-up tests
revealed that bilingual posts had higher engagement than
monolingual posts for WOC, F(1, 59)=5.182, p<.05, while
posts of BIWOC showed the opposite effect, with higher
engagement for monolingual posts, F(1,45)=5.798, p<.05.
There was no difference between monolingual and bilin-
gual posts for non-WOC.

Our investigation of caption content in monolingual posts
revealed differences across five non-exclusive themes (out-
reach, n=106; mentoring, n=24; STEM identity, n=48; science
communication/policy, n=106; racial/ethnic identity, n=82;
just science, n=274; Figure 3a, Table S1). Separate y? tests



Phillips et al.

(a) — Biwoc [
XX¥
P Non-WOC D
| |
2 [ | EEEEY
3 o4l
[« % *
k] -
c —
.2
T
o F'T'3E"S
=3 Lovevevovammm |
o ¥ FNRR
a 02 — —
0.0 | = _ |:| D S _— :I
Outreach Mentoring STEM SciComm/ Only Racial/Ethnic
Identity SciPol Science Identity
0.15 -(b) b
°
3 - .
2
2
1
Q
S
i}
— 0.10 | .
c
H —
£ ;
: H
=)
o]
=) L .
c
w
0.05 | s
Outreach Mentoring STEM SciComm/ Only Racial/Ethnic
Identity Scipol Science Identity
Caption Content Themes

Figure 3. (a) Frequency and (b) engagement of Women Doing Science Instagram posts by aggregated caption themes. Proportions
reflect the fraction of posts by scientists in each race, who included the respective theme in their post caption. A significantly higher
proportion of BIWOC discussed themes of outreach, STEM identity, and racial/ethnic identity (compared with both non-WOC and
WOC), and mentoring (compared with non- WOC). In contrast, a significantly higher proportion of non-WOC compared with BIWOC
only discussed their science, as opposed to any additional aspects of their identity. In contrast, there were no differences in audience

engagement across race or topic.
~p<.l; ¥p<.5; ¥p<.0l; ¥¥p<.001; ¥ <.0001.

identified differences across race for mentioning outreach, (2,
199)=20.77, p<.001; mentoring, y2(2, 165)=14.248, p<.01;
and racial/ethnic identity, ¥%(2, 199)=35.23, p<.001. Follow-up
Bonferroni-adjusted pairwise proportion tests revealed that
BIWOC were more likely to mention outreach (p<.01), STEM
identity (p<.0001) and racial/ethnic identity (p<.05) than
WOC. Similarly, BIWOC were more likely to mention outreach
(p<.001), mentoring (»p<.01), STEM identity (p<.0001), and
racial/ethnic identity (»<.0001) than non-WOC. In contrast,
posts of non-WOC compared with BIWOC more frequently
only discussed science (p<.05). Although these results show
that the caption content varied with the race of the featured sci-
entist, these differences in caption content did not result in any
significant effects on engagement (Figure 3b, p>.1).

Photo locations showed a significant effect on engage-
ment, F(3, 474)=11.332, p<.001 (Figure 4a), with follow-
up Tukey’s tests showing that scientists at the blackboard
(n=5) receive higher engagement than photos in the lab
(n=274, p<.05), while photos in the lab outperformed pho-
tos in the field (=131, p<.001) and office (=68, p<.0001).
There were no significant differences between action shots
(n=298) and photos where the scientist looks directly at the
camera (n=201), even across locations (Figure 4b).
Proportions of racial identities represented in field, lab,
and office posts showed no significant differences by race,
x2(6, 478)=8.547, p>.05 (Figure 4c). Similarly, there was
no significant race by location interaction effect for engage-
ment (Figure 4d).
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had higher engagement than field photos, while lab photos had higher engagement than both field and office photos. Action shots versus
looking at camera photos had no significant difference. (c) Proportion of posts by location type for BIWOC, WOC, and non-WOC

and (d) their engagement. No new effects were found at the intersection of race and location—only main effects found in (a) were

reproduced in (d).
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Instagram Followers Survey

Our above assessment of engagement trends allowed an
indirect measurement of audience preference. To investi-
gate the impact of Women Doing Science more explicitly,
we combined coarse insights available from Instagram ana-
lytics with a qualitative analysis on survey responses. At
the time of study, the Instagram page had ~94k followers,
with 37.3% in the United States, 6.2% in Brazil, 6.1% in
India, 4.2% in Mexico, 4.1% in Canada, and the remaining
42.1% distributed between other countries. Of the follow-
ers, 83.6% were women and 16.4% were men, with a major-
ity of both men and women between ages 25 and 34 (50%
of followers). Other age categories included 18-24 (25%),
35-44 (16%), 45+ (8%), and 13—17 (1%). We received 259
unique responses to our Women Doing Science Instagram
followers’ survey, which was advertised via Instagram “sto-
ries.” There were 112 respondents from the United States
(43%). Most respondents were between 18 and 34 years

old, matching the demographics of the follower base (as
reported by Instagram analytics). Of the respondents, 24%
were WOC and 4% were BIWOC. A majority (>95%) of
respondents were female.

Most respondents indicated that they often or always read
the captions and “like” Women Doing Science Instagram
posts (Figure S5a to b). Over 50% indicated that they have
followed a scientist after seeing their feature on Women
Doing Science (Figure S5c¢). In addition, 9% of respondents
have attempted to contact a featured scientist (Figure S5d).

Participants were also asked for free response answers to
“What do you like most about Women Doing Science posts?”
and “Why do you follow Women Doing Science?.” Details
on coding themes in these responses can be found in the
Supplementary Information. Respondents (7=210) most
often said they liked Women Doing Science posts for the
content in captions and photos (n=87), the diversity in field
of study (n=73), seeing examples of women in STEM
(n=62), the diversity in background of the scientist (n=58),
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Figure 5. Results from the survey sent to Women Doing Science Instagram followers. Respondents were asked to rank their
preference between two options for a series of questions about engaging with posts’ photos and captions (a to f). Participants indicated
they were slightly more likely to prefer reading about scientific research over outreach (a), no preference between reading about
established versus entry-level scientists (b), no preference between reading for general inspiration over field-specific knowledge (c), no
preference between photos of women in the lab versus the field (d), significant preference over seeing women with a range of racial
identities rather than sharing the participant’s racial identity (e), and slight preference so seeing photos from women in the participant’s
field rather than outside of it (f). Prior to these specific rankings, participants were asked for free responses to (g) why they like Women
Doing Science posts and (h) why they follow Women Doing Science. Responses were grouped by theme (identified using a topic
modeling analysis) and ranked by frequency.

and the internationality of the features, including bilingual
nature of captions (n=24; Figure 5g). For reasons they fol-
lowed Women Doing Science, respondents (7=239) more
often mentioned supporting a community of women in

STEM (n=94), followed by themes of inspiration (n=89),
representation/diversity (n=65), science content (n=54),
and finding a role model/mentor for their career (n=43;
Figure 5h).
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Following this free-response section, participants ranked
their preference between two options for post/caption con-
tent (Figure Sa to f). Participants overwhelmingly preferred
to see features of women with a range of racial identities,
although a y? test identified differences in preference across
race, y(8, 234)=18.01, p<.05. Specifically, BIWOC were
more likely to prefer features of women who share racial
identity than non-WOC, y*(1, 226)=4.631, p<.05.
Participants of all races slightly preferred captions describ-
ing scientific research over STEM outreach and photos from
their personal field of study over outside of their area.
Participants reported no preference between reading about
established versus new scientists, seeing photos from a lab
versus the field, or reading content for general inspiration or
field-specific knowledge.

Qualitative Analysis of Highest Engagement Posts

We investigated three case studies of high engagement (i.e.,
“viral”) posts to further examine how preferences in Women
Doing Science followers manifest in interaction with por-
trayals of women scientists and the broader implications of
these reactions for women in STEM. These three posts were
in the top 1% of engagement with Women Doing Science
posts and had >50% of views from non-followers. All three
of these high-engagement posts featured non-WOC women.
Two posts generated highly positive responses, while the
third provoked anger. The posts have all been explored with
permission of the featured scientist.

The first post featured a postdoctoral researcher studying
computational astrophysics, seen at a lecture-style chalk-
board filled with complex equations. Comments included:
“Nice to see another astronomer, I admire how you bring the
field so much closer to everyone” and “We need more women
like this.” A second high engagement post featured a tenured
biology professor in her office, surrounded by stacks of
messy papers. Her biography mentioned the difficulties she
faced as a scientist in the 1950s ““. . . science was an uphill
battle, but her supportive family nourished her scientific
career.” She ends her caption with direct advice to the audi-
ence, which is rare in Women Doing Science posts: “It is
important to be driven by deep love and inexhaustible curios-
ity, no matter your gender.” Comments included: “I love how
messy her office is. It gives me inspiration because I’m the
same,” although most expressed general deference, calling
her a “powerful woman in STEM,” “a legend,” and even, “a
rockstar!!.”

The third viral post featured a PhD student in biological
sciences, seen in the lab with heels on and her hair down. The
post received so much harassment, in both comments and
direct messages to the featured scientist that it became neces-
sary to temporarily remove the post from Instagram. The
most inflammatory comments were deleted prior to our anal-
ysis, but those remaining reflect the general sense of anger
invoked by her images:

“High school students will think this is the norm. Do we want to
pass on unrealistic and potentially unsafe procedures to future
researchers?,”

“Really? That is how we are showing women in the chem lab?
High heels, open long hair? Because being pretty is important!
... This isn’t reality!”

and “The lab can be a runway sometimes.” Notably, some
commentators immediately pushed back:

“If you think that curled hair, heels, and makeup detract from the
quality of her science then I think you need to update your idea
of what a scientist looks like.”

Discussion

We sought to answer if Women Doing Science Instagram
posts highlight diverse, international scientists, and if yes,
what impact these features have on our audience, as mea-
sured by engagement with posts, audience surveys, and high-
engagement post case studies. In the following discussion,
we conclude that (1) Women Doing Science does highlight
diverse, international scientists, as seen in the racial, ethnic,
and geographical diversity of posts. Furthermore, although
(2) our largely female Instagram audience both rewarded and
sought out these diverse posts, their STEM identities are
fragile, which was clear in (3) viral (i.e., high-engagement)
posts with both positive and negative reactions to conform-
ing or breaking stereotypes of women in STEM.

Women Doing Science Highlights Diverse,
International Scientists

Every scientist’s story is unique—as noted by a respondent
in Kitzinger’s (2008) survey of what female scientists wanted
from media representations of women in STEM: “you can’t
just have one image that would do everything, and one repre-
sentation that would solve all the problems.” Women Doing
Science’s aim in representing diverse scientists is to show-
case as many individual experiences in STEM as possible
and to build an increasingly broad portfolio of potential role
models for aspiring or current scientists. Seeing role models
who share key aspects of individuals’ identities enables indi-
viduals to see themselves as potential scientists (i.e., to
develop a positive STEM identity), which, in turn, can moti-
vate behavior and influence career aspirations and selection
(Markus & Nurius, 1986; Steinke, 2017; Strahan & Wilson,
2006). It is therefore critical to the goals of Women Doing
Science to span diverse identities—across the intersections
of career stage, field of study, geography, language, and race.

A majority of featured scientists were graduate students
(Figure 1a), reflecting the audience of Women Doing Science
and Instagram itself, both of which are dominantly accessed
by young adults aged 18-34years, a typical range for
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undergraduate, masters, and doctoral students. Although
increasing the diversity of career stages seen on Women
Doing Science, particularly at the faculty level, could poten-
tially provide more aspirational role models, there are numer-
ous benefits of primarily showcasing graduate students. The
level of commitment, knowledge, and experience in STEM
required to undertake graduate study is sufficient to inspire
young scientists, while remaining an attainable goal.
Followers of Women Doing Science indicated that they have
equal preference for posts of established career scientists and
the stories of scientists beginning their careers (Figure 5b).
One survey respondent stated that they followed the Women
Doing Science page because: “Often when you hear of
women in STEM they are of exceptional stories (e.g., Madam
[sic] Curie) that can be difficult to relate to.” Sociological
research has demonstrated the importance of this perceived
attainability of role models for women developing their
STEM identity (Steinke, 2017). Graduate students may
therefore be more effective, vicarious role models in social
media spaces than established, tenured faculty, who are more
frequently represented in traditional media. Furthermore,
adversity faced by faculty members decades prior to their
success may no longer be relevant challenges to current stu-
dents. In addition, graduate student populations are more
racially diverse across fields than higher career stages
(American Council on Education, 2019; Liu et al., 2019).
This diversity is evident in our dataset, with a higher propor-
tion of BIWOC graduate students compared with WOC and
non-WOC (Figure S1). Largely featuring graduate students
therefore allows Women Doing Science to represent a more
racially diverse set of scientists on social media.

Featured scientists on Women Doing Science span aca-
demic fields of study, although with clear biases toward dis-
ciplines with higher proportions of female graduate students,
such as biological sciences and Earth, space, and ocean sci-
ences (NSF, 2018). The racial diversity of scientists in these
frequently featured fields also reflects disciplinary biases.
For example, 26% of featured non-WOC are in Earth, space,
and ocean sciences, in comparison to 16% for WOC and
13% for BIWOC. The geosciences are the most White-
dominated STEM discipline, with BIWOC just 1.5% of US
female PhD earners (Bernard & Cooperdock, 2018). Women
Doing Science’s order-of-magnitude higher proportion of
featured BIWOC in Earth, space, and ocean sciences is the
result of a deliberate effort, inspired by the numerous team
members who are geoscientists, to actively recruit Black and
Indigenous women in these fields to submit their biogra-
phies. For Earth, space, and ocean sciences, there is the addi-
tional benefit of increased connections through efforts of
other active social media accounts like Diverse Geologists,
Geo Latinas, and Black in Geoscience. Women Doing
Science also sporadically hosts “themed weeks” aimed at
specific fields of study that are underrepresented in our posts:
for example, “Women in Robotics,” “Women in Computer
Science,” and “Women in Science Policy.” These targeted
pushes help balance the steady supply of biologists and

Earth, space, and ocean scientists that would otherwise more
thoroughly dominate Women Doing Science posts.

Although the proportion of featured scientists from out-
side the US is low, Women Doing Science posts spanned 66
countries and 29 languages countries, representing signifi-
cant geographical diversity. English has been termed the lan-
guage of science (Gordin, 2015), but it is not necessarily the
most effective language for science communication
(Marquez & Porras, 2020). The Women Doing Science team
actively seeks to highlight this international diversity by
encouraging scientists to translate their biographies. For sci-
entists who wish to translate their biographies but need assis-
tance to do so (e.g., those that speak the language, but do not
write in it), the Women Doing Science team includes volun-
teer translators for Arabic, Farsi, French, German, Hindi,
Italian, Mandarin, Portuguese, Spanish, and Turkish. Due to
the popularity of Women Doing Science in Latin American
countries, the translations team developed submission forms
in Spanish and Portuguese (our two most frequent languages)
and created an Instagram account, Mujeres Haciendo Ciencia
(@mujeres.haciendo.ciencia), for posts solely in Spanish and
Portuguese. These efforts seem to have tangible effects for
those seeking vicarious role models. One audience survey
respondent indicated that they follow Women Doing Science
because it

“Inspires me that despite all the discrimination and machismo
we live in (in Mexico) I can achieve a job like the one you show.
That was always my dream but in Mexico you can’t expect that
if you are a woman.”

Another follower,
mentioned

aged 13-18years from Turkey,

“Ever since I started following your Instagram I have been more
passionate about becoming a scientist. In our country, even
though they are very talented, many women are reluctant to
choose a career in STEM because they are oppressed by the
hidebound society.”

Such responses demonstrate that in representing interna-
tionally diverse scientists, Women Doing Science is success-
fully expanding the range of “possible selves” for young
women developing their STEM identity.

WOC and BIWOC accounted for about one-third of
Women Doing Science posts (Figure 1d). The geographically
specific construction of race makes it hard to evaluate our
success in displaying racial diversity, particularly based on
these broad categories. However, our data from US scientists
can be leveraged for direct comparisons, such as to the US
Census and NSF SED. Women Doing Science overrepre-
sented minoritized racial groups compared with both metrics,
with higher proportions of Black/African American, Native
American/Native Alaskan, and Hispanic/Latinx scientists.
Notably, Asian American populations in STEM match or
exceed their proportion in the US population and are not
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considered underrepresented by the NSF. The proportion of
Asian Americans featured by Women Doing Science exceeds
the proportion in the US population, but not the proportion of
doctoral degree earners. Both our analysis at the global scale,
with 37% of featured scientists identifying as WOC (16%
BIWOC), and our comparison of more specific racial and eth-
nic identities to US census and NSF data, suggest that Women
Doing Science posts are racially diverse. It is critical to clarify
that this racial diversity is not accidental. Recruitment efforts
by the Women Doing Science Diversity team are active and
persistent: in periods where our recruitment lapses, non-WOC
women dominate the open submissions portal. Features of
non-WOC are also purposefully scheduled further behind in
the queue to allow space for posts of WOC and BIWOC.
Finally, the Women Doing Science team itself is racially
diverse; recruitment often starts within a member’s own
social media network. Interestingly, this racial diversity
impacts caption content significantly: WOC and BIWOC are
more likely to mention non-science aspects of their identity in
their biographies. Actively choosing to include more than just
their science expands scientists self-depiction, highlights the
multifaceted nature of identity, and the importance of sup-
porting such multiple identities in attempts to diversify the
STEM workforce.

Women Doing Science posts feature predominantly
graduate students from around the world, with significant
proportions of WOC and BIWOC scientists. As such,
Women Doing Science demonstrates the potential for tar-
geted efforts to successfully highlight racially diverse,
international women in STEM. Overrepresentation of mar-
ginalized groups relative to the general population on social
media can inspire a changing view of what a scientist looks
like, strengthening the range of visibly attainable STEM
identities. The successes and limitations of Women Doing
Science also serve as a lesson for other areas of STEM,
such as faculty hiring, where active effort in recruitment
may alleviate racial gaps. It is crucial that academic sys-
tems rise to this challenge, hiring faculty with multifaceted
identities to serve as role models for young scientists, and
allowing them to bring such identities to the workplace. By
proactively choosing to represent a vision of how the sci-
ence community could look, as opposed to reinforcing
existing systems of oppression and marginalization, faculty
hiring boards and academic institutions have the potential
to provide in person connections to relatable role models
for diverse early career scientists. Until this occurs, social
media platforms such as Women Doing Science will con-
tinue to represent an important, alternative source of vicari-
ous role models and vision for the future of STEM.

Instagram Audiences Reward and Seek Posts of
Diverse Women in STEM

With the knowledge that Women Doing Science does high-
light diverse and international women in STEM, we turn
to investigating patterns of engagement from Instagram

audiences. The popularity of the page (~100,000 followers)
suggests that Women Doing Science fills an important niche
in STEM representation on social media. Our audience sur-
vey indicated that Women Doing Science followers would
most likely reward diverse posts with higher engagement:
“representation/diversity” was cited as a frequent reason
respondents both “liked” posts and followed the page (Figure
S5g and h). Furthermore, the most skewed response to tar-
geted questions about post content was on racial diversity,
with a majority of respondents indicating that they preferred
to see photos of women with a range of racial identities
(Figure 5e). Interestingly, the definition of “diversity” in free
response answers varied, with some citing field of study
(“What struck a chord is the diversity of women that I see
here. I had no idea about some of the fields before Women
Doing Science”), some mentioning location (“I like how
diverse the science is . . . [ want to leave my country to get
better conditions in science”) and others citing racial diver-
sity (“Growing up I never saw WOC in the sciences, it’s very
empowering to see what other women are doing”). There is
no one definition of diversity to Women Doing Science fol-
lowers—rather they seek posts that represent the multitude
of identities expressed across women in STEM.

These multiple definitions of diversity, such as across the
intersection of geographic and racial identities, is evident in
broad patterns of engagement of Women Doing Science
posts. While race and caption language had marginally sig-
nificant trends, with posts featuring WOC and BIWOC hav-
ing higher engagement than non-WOC and bilingual captions
higher than monolingual captions (Figure 2a, b and d), addi-
tional significant interactions were found when groups were
not aggregated. For instance, for WOC, bilingual posts sig-
nificantly outperformed those in only English, but for
BIWOC the trend was reversed (Figure 2c). This demon-
strates the complex effect of racial identity and the benefit of
considering identity in nuanced ways. It is possible that these
engagement trends suggest different needs of international
audiences for social media STEM representation: US follow-
ers that speak English are perhaps more likely to reward
posts of BIWOC, whereas non-US followers might engage
more with bilingual posts of WOC. Notably, a majority
(64%) of featured BIWOC were from the United States,
compared with 25% for other WOC, which may influence
engagement with the posts.

There is also evidence that our audiences view these rep-
resentations of women in STEM as vicarious role models.
Over 50% of followers indicated that they “followed” a fea-
tured scientist on Instagram after seeing their post, while 9%
indicated they took the increased effort to reach out to the
person directly. “Inspiration” and “role models” were also
commonly cited as a reason for liking or following the
Women Doing Science page (Figure 5g and h). Several audi-
ence responses specifically noted the power of the images of
women in STEM in helping them feel more secure in their
STEM identities: “Women Doing Science helps with impos-
ter syndrome on bad days,” “I have no adult that took the
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STEM path to look up to and understand my options in the
future” and “Sometimes I need extra encouragement from
fellow women who are walking the same path.” Some explic-
itly mention role-models, for example: “I never knew I could
have women role models in STEM.” Similarly, others
reported that they follow Women Doing Science to “feel a
greater sense of belonging,” “have female role models in sci-
ence,” and to “feel less alone.”

Women Doing Science followers not only reward posts of
diverse scientists but also seek out diverse scientists in their
general social media experience. These narratives add to stud-
ies that highlight the power and importance of vicarious role
models to cultivate a sense of belonging in STEM (Geena
Davis Institute on Gender in Media, 2018; Schmidt & Nixon,
1996). Previous studies of STEM identity development have
primarily focused on adolescent girls (Hughes et al., 2013; Tan
et al., 2013; Thompson & Windschitl, 2005). However, initial
results indicate that for racially diverse doctoral students,
being able to recognize key parts of their identity in socio-
cultural representations of professionals is just as important to
their STEM identity as recognition by others (Herrera et al.,
2012). The continued need for inspiration and the higher
engagement with diverse potential role models from our audi-
ence of those largely already committed to science highlights
the fragility of STEM identity beyond adolescence.

High-Engagement Posts Reflect Reactions to
STEM Stereotypes

Traditional media persistently portrays scientists as stereo-
typically masculine (e.g., intellectually objective, physically
strong, emotionally detached; LaFollette, 1988). Women in
STEM are typically presented as passive, dependent, emo-
tional, and more interested in pursuing romance, appearance,
or a family than a career (Chimba & Kitzinger, 2010).
Unsurprisingly, these gender stereotypes have been shown to
decrease young women’s interest and participation in STEM
(Starr, 2018; Steinke, 2017). These effects are felt beyond
adolescence. A recent study surveyed female STEM students
and professionals on their ideal portrayal of women scientists
in the media and found that images which challenged stereo-
types were preferred, opposing the common false dichoto-
mies which portray female scientists as either “frumpy” or
“sexy,” “overly emotional or cold,” or “victimized or bitchy”
(Chimba & Kitzinger, 2010). Gender schema theory suggests
that children organize information about gender in networks
of knowledge that influence how they later interpret new
information (Liben & Signorella, 1993). These schema
become particularly active when gender is made salient, mak-
ing the stereotyped incompatibility between femininity and
success in STEM a crucial barrier to the development of
STEM identity (Steinke, 2017). Furthermore, most depictions
of scientists in the media do not include People of Color. A
study analyzing scientists and engineers in popular films from
1991 to 2001 found that some progress has been made on

gender parity in recent decades, but nearly 75% of scientists
were white (Steinke, 2005).

In Women Doing Science posts, we see a trend in which
followers “reward” (i.e., engage more with) posts of scientists
in traditionally masculine settings and “punish” posts where
scientists are depicted as feminine. Broadly, this is manifested
in higher engagement for posts at the blackboard or in the lab
compared with the field or office (Figure 4). Field photos, such
as geologists outside and marine biologists underwater, likely
have lower engagement because these disciplines have gender
parity at the graduate level (NSF, 2018) and posts therefore do
not arouse adequate stereotype nonconformity for viewers.
Field photos may also have lower engagement due to photos
being closer to landscapes than portraits—a study of one mil-
lion Instagram posts found that visible faces were a highly sig-
nificant driver for post likes (Bakhshi et al., 2014). Photos of
the lab outcompeting photos in the office may relate to chal-
lenging themes of women portrayed as domestic or assistants
(Downs, 1981; Moseley & Read, 2002).

To further examine the relationship between followers
punishing or rewarding stereotypes on Women Doing
Science we turn to our case study of three high-engagement
posts. The comments on each post show the emotional
engagement of the audience, consistent with studies of viral-
ity in online media being driven by either highly positive
reactions (i.e., awe) or very negative reactions (i.e., anger;
Berger & Milkman, 2012). In one post, viewers rewarded the
image of an astrophysicist confidently standing before a sea
of equations, an image that usually conjures white, male
mathematicians (e.g., Will from the film Good Will Hunting
or the famous physicist Richard Feynman). In the second
post, viewers rewarded the presentation of a woman scientist
in a profoundly undomestic setting (her messy office). This
professor further conjured admiration for breaking stereo-
types, discussing her family as a positive addition, rather
than a barrier, and calling for recognition of the common
motivation of scientists beyond gender.

In contrast, the responses to the post of a biology student
with her hair down demonstrates the challenges women in
STEM face with how to present themselves and their appear-
ance, from which male scientists are exempt (Chimba &
Kitzinger, 2010; Kitzinger, 2008). These patterns are not
unique to Instagram: a study of science communicators on
YouTube found that female-hosted channels received higher
engagement on videos, but at the cost of more frequent com-
ments on their appearance (Amarasekara & Grant, 2019).
Other studies have found that the more people rated a woman
as attractive, the less likely they were to believe her to be a
scientist (Banchefsky et al., 2016). Such responses reinforce
the exact false dichotomy (i.e., beauty vs brains) many
women in STEM wish to eradicate from the media (Chimba
& Kitzinger, 2010). Scientific expertise and attractiveness
are not mutually exclusive, but continued stereotyping of
women in STEM in the media will reinforce gender schemas
that imply otherwise.
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Limitations and Future Work

This is the first study to evaluate the impact of diverse repre-
sentations of women in STEM on social media audiences.
While our sample size is large (n=294 for posts with demo-
graphic data, n=572 for all posts with engagement data;
~50% response rate), allowing for adequate statistical power
of examining groups like WOC versus BIWOC, it was not
large enough to investigate specific racial/ethnic subgroups
(e.g., Black or Latinx scientists) or other understudied mar-
ginalized groups (e.g., first generation students, scientists
with disabilities), like we had hoped. The sample size for our
audience survey (n=259), while again relatively large, was
small compared with the number of followers of Women
Doing Science at the time of the study (~94,000; <1%
response rate). Although the age and location of respondents
indicated a largely representative sample, our convenience
sampling strategy did not control for uneven distributions of
demographics of Instagram users or featured scientists that
responded to surveys. To overcome these limitations, which
are largely rooted in sampling an audience via social media
outreach, future work could target specific audience reac-
tions, like classrooms of primary or secondary students. This
would be especially powerful when combined with longitu-
dinal analysis, which could reveal more details on STEM
identity over time and the effects of social media interven-
tions like Women Doing Science on career paths. Other
future work on social media could target organized move-
ments (e.g., “Black in X yearly hashtag campaigns), or
accounts focused on a particular identity or subfield (e.g., the
Diverse Geologists or 500 Queer Scientists pages). We hope
that with the rapidly expanding social media landscape, met-
rics for tracking engagement and demographics will become
more precise and lower the barrier for future studies.

Conclusion

Our results indicate that not only does the Women Doing
Science Instagram page show racially diverse international
women scientists, but audiences reward these posts with
higher engagement and continue to engage due to the page’s
reputation for racial diversity and ability to inspire belonging
in science. This implies the potential for social media, espe-
cially visual-based platforms like Instagram, to host diverse
vicarious role models for international audiences developing
their STEM identity. We hope these posts expand the range
of possible selves for women developing their STEM identi-
ties and that lessons from this Instagram project assist other
projects in diversifying STEM spaces. Specifically, we hope
academic structures can learn from this case study: showcas-
ing accessible and relatable role models at the graduate stu-
dent level, highlighting the intersectionality of mentor
identities, and moving beyond single, tokenized representa-
tions of women and/or minorities in STEM. Universities
should also think deeply about the representations of STEM

portrayed in their online media. These steps will help create
a community for emerging women scientists to draw inspira-
tion from while developing their STEM identities.
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runs the Twitter account and is a science writer for Women Doing
Science, is a white, non-Hispanic cisgender woman. The fifth
author, who is a science writer and media producer with Women
Doing Science, is a South Asian cisgendered woman. All authors
contributed to outlining, writing, and editing the manuscript. We
have also listed the Women Doing Science Team as an author,
which includes over 50 international volunteers, as their contribu-
tions and insights contributed to the project’s completion.
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