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ABSTRACT
Visual and verbal cues can reinforce barriers to access for women
in science, technology, engineering, and math (STEM) disciplines.
Psychologically inclusive design is an evidence-based approach
to reduce psychological barriers by strategically placing content
and design cues in the environment. Two large field experiments
provide estimates of the behavioral impact of psychologically inclu-
sive cues on women’s and men’s enrollment behaviors in an online
learning environment. First, a gender-inclusive photo and state-
ment in an online advertisement for a STEM course increased the
click-through rate among women but not men by 26% (N=209,000).
Second, an inclusivity statement with a gender-inclusive course
image to the enrollment page raised the proportion of women en-
rolling in a STEM course by up to 18% (N=63,000). These findings
contribute evidence of the behavioral impact of psychologically
inclusive design to the literature and yield practical implications
for the presentation of STEM opportunities.
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1 INTRODUCTION
Online learning has rapidly expanded in the last decade and today
nearly one in three US college students takes at least one online
course during their academic career and 15% are enrolled in en-
tirely online programs [22]. Digital learning platforms have become
ubiquitous on college campuses and many institutions see online
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learning as a strategy to expand enrollments and access while at
the same time balancing shrinking budgets [18]. Massive open on-
line courses have been cited as an effective way to affordably scale
online learning while increasing access for traditionally marginal-
ized students, especially in science, technology, engineering, and
mathematics (STEM) disciplines [20, 64]. However, accumulating
evidence suggests that online learning environments perpetuate en-
rollment and participation gaps in STEM courses [3, 23, 28, 34, 35].
Thus, it may be the case that, like face-to-face environments, online
learning platforms contain contextual cues that activate psycho-
logical biases and make certain groups of learners (e.g., women
in STEM courses) feel unwelcome. With rising demand for online
higher education, especially in STEM, there is a pressing need to
understand how to design online learning environments that are
psychologically inclusive and welcoming for students with diverse
backgrounds.

The presence of psychological barriers that contribute to educa-
tional inequalities is well-documented in the social-psychological
literature [2, 59, 67]. Several studies have examined the experiences
and coping strategies of women in STEM settings [9, 37, 55, 58, 69]
and how attributes of STEM environments shape their perceptions
about what it would be like in this environment. Cues in the envi-
ronment, such as verbal, visual, or behavioral artifacts, can make
individuals vulnerable to social identity threat—concerns about
being seen as less capable because of one’s social identity [60]—by
signaling the relevance of particular social identities in a given
context. These cues can communicate group stereotypes and cause
individuals to consider disengaging from an academic domain [45].

How environmental cues raise identity-based concerns and influ-
ence anticipated belonging has been studied in a number of settings:
gender-stereotypic TV commercials [16, 17], promotional videos
for STEM events [44], physical and virtual-reality computer science
(CS) classrooms [9, 10, 40], and the website for a CS course [42].
However, to what extent environmental cues affect real-world be-
havior andmay be used strategically to increase STEM participation
among women has not been studied systematically. In this paper,
we make three main contributions to the literature:

(1) We introduce psychologically inclusive designwith a taxonomy of
cues for the design of digital learning environments, translating
relevant theory and evidence from social psychology.

(2) We report large-scale experimental and quasi-experimental ev-
idence on the behavioral consequences of cues strategically
placed to increase participation of women in STEM education.

(3) We offer evidence-based recommendations for improving the
participation of women in STEM education and an overview
of open questions in the design of psychologically inclusive
learning environments.
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2 SOCIAL BELONGING & IDENTITY THREAT
Membership in social groups constitutes an essential part of peo-
ple’s identities (e.g., gender, race, ethnicity, nationality) and they
strive to maintain a positive perception of their social identities [2,
62]. When people worry that they are seen as less competent or
treated unfairly because of a particular social identity they hold,
they are said to experience social identity threat [60]. This can
impair cognitive and social processes, which hinders student learn-
ing [63], limits working memory [53], and reduces self-regulatory
abilities [1]. Concerns about identity-based discrimination can also
undermine feelings of belonging, which is a critical antecedent to
motivation and success in academic contexts [48, 65, 67].

Negative group stereotypes are the primary reason for fearing
social exclusion and devaluation by others; the prospect of confirm-
ing such stereotypes is psychologically threatening and can cause
academic underperformance. Stereotype threat has been shown
to contribute to major academic achievement gaps in the United
States, including the underperformance of African American stu-
dents [59], first-generation college students [24, 61], students from
lower socioeconomic backgrounds [13], and women in historically
male-dominated STEM programs [43, 57, 69]. It is plausible that
psychological processes of social belonging and identity threat
matter not only in face-to-face but also computer-mediated envi-
ronments [32]. Appraisals of identity-safety and trustworthiness
may therefore be equally important and consequential in online
environments as they are in in-person settings. People’s sense of
trust is known to influence decisions to initially adopt and continue
to use information technologies [52]. The extent to which this psy-
chological insight translates to the context of online education is
the focus of this research.

3 PSYCHOLOGICALLY INCLUSIVE DESIGN
How people experience an environment is subjective because of the
processes by which individuals perceive and interpret information
(construals) and generate causal explanations of events (attribu-
tions) in the environment. Psychologically inclusive design is an
approach to creating digital environments that afford equal oppor-
tunities to diverse learners by strategically manipulating content
and design cues that influence construals and attributions [32]. The
digital format offers unique affordances for creating psychologically
inclusive learning environments compared to physical classrooms.
Changes to the design and content of online learning environments
can be implemented swiftly and at much lower cost. In addition to
the cues that can be changed in physical environments, such as the
course content and classroom design, creators of online learning
environments also have control over the interaction design, which
has a strong influence on people’s experience with digital technol-
ogy. Cues can be categorized into four types (Fig. 1): verbal content
(written and spoken word); visual content (images, animations,
photos, videos, etc.); visual design (color scheme, organization of
information, etc.); and interaction design (e.g., how users input
information, make choices, navigate the environment, and interact
socially).

Visual
Content

Verbal
Content

Visual
Design

Interaction 
Design

Psychologically 
Inclusive Design

Figure 1: Taxonomy of cues in psychologically inclusive de-
sign.

3.1 Verbal Content Cues
Online learning environments are filled with verbal content such
as the course title and description, lecture content, and assessment
prompts. Verbal cues can undermine women’s sense of belonging
or threaten their gender identity. Stating or merely insinuating the
relevance of a stereotype and linking it to a person’s social identity
has been found to raise stereotype threat [e.g. 7, 30]. For example,
Kray et al. [36] found that women experience stereotype threat
when the importance of leadership skills is emphasized. Online
learning environments make it quite easy to remove these types of
threatening verbal cues.

Psychologically inclusive verbal cues can also be added to allay
identity-based concerns. These cues assure people that they are
respected for who they are as individuals and that their social
identity does not pose any barriers in the environment for them.
Adding an explicit "identity-safe sentence" refuting the presence
of gender-based differences in performance can alleviate women’s
concerns [17, 46, 66]. Several studies document positive effects of
reducing uncertainty by assuring women that everyone is welcome,
respected, and treated fairly [9, 41]. Still, subtle verbal cues targeting
individuals’ construals of the situation, such as presenting tests as
"puzzles" or "problem-solving exercises", can diffuse apprehension
about evaluations [4, 56].

3.2 Visual Content Cues
Visual content cues can foster trust and belonging, but they are
also a potential source of psychological threat by inadvertently
conveying certain values, norms, and culture. A simple yet influ-
ential visual cue is numeric representation. How many in-group
members are represented in an environment in absolute or rela-
tive terms can influence the performance of identity-threatened
individuals [26, 27, 44]. A visual cue that conveys equal numeric
representation, such as a photo depicting a gender-balanced group
of learners, can signal diversity in an environment, or at least a
commitment to diversity.

In addition to general numeric representation, the representation
of in-group members as role models or in positions of power can
foster trust, fortify belonging, and promote performance [14, 15, 39,
71]. In an online course on data science, Brooks et al. [6] found that
visual gender cues in lecture videos (i.e. the gender of people in the
background of the lecturer, and guest talks from either a man or
a woman) influenced participation rates on the course discussion
forum—women posted more in the female cue condition and vice
versa.
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(a) Default (b) Inclusive Image (c) Inclusive Text (d) Inclusive Image & Text

Figure 2: Four versions of an online course advertisement with a verbal cue and a visual cue manipulated to convey that the
course also provides an inclusive environment for women. The visual cue shows eight women of diverse age and ethnicity.
The verbal cue reads, "The history of computer programming is a history of WOMEN. You can join this epic journey."

3.3 Visual Design Cues
Design influences people’s emotional and behavioral responses to-
wards products, their usability, and their commercial success [47].
The appearance of an online learning environment can influence
people’s first impression and their willingness to seriously engage
with it [50]. Product designers have long adapted the colors, shapes,
and forms of everyday objects to appeal to women, as epitomized
by the "shrink it and pink it" movement [12]. Yet psychological
research on ambient belonging shows that it is not necessary to
create overtly feminine designs; in fact, this approach may backfire.
Instead, neutral visual designs that omit gender-stereotypic cues
have been found to effectively raise women’s anticipated sense of
belonging [10, 42]. For example, Metaxa-Kakavouli et al. [42] im-
proved gender inclusivity by manipulating the visual web design of
a CS course page, including its color scheme, fonts, and background
image. Identifying and questioning unconscious assumptions in
design is particularly important when the designers are not repre-
sentative of the (intended) user audience [54]. For example, gender
bias is frequently encoded in the visual design of web interfaces
and products created by male-dominated engineering teams [8, 70].

3.4 Interaction Design Cues
Interaction design can communicate the culture and values of those
who created the environment and plays a critical role in enabling
the authentic expression of identity in online environments. Recent
work on culturally adaptive interfaces [51] and website morph-
ing [25] has developed automated approaches to adapt the inter-
action and visual design of web applications, such as the website
navigation structure, to accommodate users from different back-
grounds. For instance, when the design of an interface requires
members of a social group to give up or conceal aspects of their
identity to gain access or to reach equal status, it can convey to
these individuals that they are not valued and that they do not
belong. Self-report forms frequently provide only two options to
indicate gender, which can cause gender-identity-based concerns
among individuals who identify as non-binary [29]. Moreover, al-
gorithmic bias in artificial intelligence interfaces tends to manifest
in interaction design, for example in gender-bias in search engine

results for occupations [31] or lower face recognition accuracy for
people who are not white males [38].

4 RESEARCH QUESTIONS
Only a handful of studies have shown that digital cues can trig-
ger concerns among women about their social belonging in STEM:
Murphy et al. [44] showed that visual gender representation cues in
a promotional video about a STEM conference influences women’s
anticipated sense of belonging at the event; Cheryan et al. [9] found
that decorations in a virtual reality computer science classroom
(a visual cue) influence women’s anticipated belonging; Metaxa-
Kakavouli et al. [42] used a gender-stereotypic web design (visual
design cue) for a computer science course to influence anticipated
belonging and enrollment intentions for the class; and Davies et al.
[16, 17] showed that gender-stereotypic TV commercials (visual
& verbal cues) raise stereotype threat in women and reduce inter-
est in STEM-related educational/vocational options. These studies
suggest that brief exposure to visual content, verbal content, and
visual design cues can trigger concerns about social belonging that
reduce women’s reported inclination to enter a STEM environment.
To what degree these attitudinal findings from the lab translate to
behavioral consequences in the real-world is an important open
question. We investigate the following research questions on how
digital cues impact women’s behavior towards STEM educational
opportunities:

RQ1 How do psychologically inclusive design cues in social me-
dia advertising campaigns influence women’s (and men’s)
decision to learn more about a STEM course?

RQ2 How do psychologically inclusive design cues on course en-
rollment platforms influence women’s (and men’s) decision
to enroll in STEM courses?

We investigate these research questions in two field experiments
instead of laboratory studies to strengthen the ecological validity
of our findings and provide realistic effect sizes to guide policy and
subsequent research. The first experiment investigates the impact
of visual and verbal content cues on clicks on social media ads
for a STEM course. We chose the advertising context because it
is a point of entry into a STEM education; specifically, we use
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Facebook as a major online advertising platform that is used to
promote educational offerings. Our second study examines the
impact of visual and verbal content cues on a course enrollment
platform on enrollments in a STEM course. Although they are
conceptually no less important than the other types of cues, we do
not investigate visual and interaction design cues in this study. We
test the following hypotheses which are grounded in theory and
prior evidence:

H1 Psychologically inclusive verbal and visual content cues (a)
increase women’s engagement with advertisements for a
STEM course, but (b) do not influence men’s engagement.

H2 Psychologically inclusive verbal and visual content cues
increase the proportion of women enrolling in a STEM
course, but (b) do not affect enrollment rates among men.

5 STUDY 1: CUES IN ONLINE ADVERTISING
Advertising is a common method for disseminating information
about educational opportunities and frequently the first source
of information that shapes people’s impressions of a product or
service. Static online ads in search results or on social media plat-
forms provide limited space to communicate general information
about an online course or program. Yet the limited number of cues
embedded in an ad can still (often unwittingly) affect anticipated
belonging. We conducted a randomized trial on Facebook to address
RQ1 about the effect of psychologically inclusive cues in advertising
on women’s and men’s decisions to seek further information about
an online computer science course. We independently manipulated
visual and verbal content cues of the ad and examined aggregate ad
engagement for men and women separately. Three criteria guided
our choice of which course to advertise: (1) it had to be free to enroll
in at any time, (2) have zero prerequisites, and (3) show a gender
disparity in enrollments. In fact, analysis of prior enrollments indi-
cated that women enrolled in the course at a much lower rate than
men: only 27% of the most recent 40,000 enrollments were women.

5.1 Method
5.1.1 Study design. We conducted a field experiment with a 2 (vi-
sual cue) by 2 (verbal cue) factorial design on Facebook. Figure 2
shows the four versions of the ad we ran in cooperation with the
Stanford Center for Professional Development. We ran two con-
current ad campaigns, one for women and one for men, each with
a randomized content experiment using Facebook’s advertising
platform. Randomization was implemented using the "split test"
functionality, which assigns people into ad content conditions on
first exposure (i.e. a person is only exposed to one version of the
ad in the experiment). The campaigns ran between June 9-23, 2018,
each with a daily budget of $100, which was evenly split between
the four ad versions: Default, Inclusive Image, Inclusive Text, and
Inclusive Image & Text.

5.1.2 Sample. The ad campaigns were targeted to an audience
expected to be interested in an online CS courses for professional
development: 25-35 year old people with an Associate, Bachelor’s,
or Master’s degree, located in the US and using the English (US)
version of Facebook. To exclude individuals who may be overly
skilled for an introductory class, we excluded those with an interest

Table 1: Results for advertising experiment in terms of im-
pressions (Imps.), total clicks, and estimated unique clicks.

Men, n ≈ 104,896 Women, n ≈ 103,584

Ad Version Clicks (uniq.) Imps. Clicks (uniq.) Imps.

Default 260 (242) 79,940 243 (227) 77,010
Inclusive Image 252 (233) 78,220 223 (206) 75,860
Inclusive Text 220 (204) 84,223 257 (233) 70,771
Inclusive Both 243 (227) 80,572 280 (258) 70,020

(inferred by Facebook) in "computer programming", "software en-
gineering", and "information technology". The ads were displayed
in the Facebook News Feed and were seen by over 200,000 people
according to platform-provided statistics.

5.1.3 Measures. As outcomes, we obtained the following aggre-
gate metrics for each ad version and campaign: the number of
impressions (how often the ad was shown), the number of ad clicks
including any type of interaction with the ad such as liking it or
navigating to the page of the ad source, and the unique number
of ad clicks (only counting the first time a person clicked the ad; a
quantity that Facebook estimates). The click-through rate (CTR) is
computed as percentage of total clicks for all impressions in each
experimental group.

5.1.4 Power analysis. We conducted an a priori power analysis to
determine the necessary number of impressions for a set of antici-
pated CTRs, informed by the outcomes of previous ad campaigns
run by the same advertiser. The choice of the daily budget was
based on these calculations. The actual CTR turned out to at the
low end of what we had simulated. The power analysis, data set,
and analysis script are available at https://osf.io/92pqx/.
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Figure 3: Engagement with four versions of an advertise-
ment among men and women in terms of the click-through
rate with 95% confidence intervals assuming independence.
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5.2 Results
Overall, the ads were shown 616,616 times in the Facebook News
Feed, reaching an estimated 104,896 men and 103,584 women. Ta-
ble 1 provides descriptive statistics for each campaign. For the same
ad campaign budget, the overall number of impressions was lower
for the campaign targeting women than men (293,661 vs. 322,955),
because it is more costly to show ads to those less likely to engage
with them (a higher ad auction bid is required to win).

A direct comparison of click-through rates is shown in Figure 2.
We analyzed CTR outcomes using two logistic regressions one for
the campaign targeting women and one for the campaign targeting
men. In the campaign targeting women, the odds of clicking were
26% higher (z = 2.707,p = 0.0068) for the inclusive ad (image &
text) than the default. The ad version with the inclusive text showed
a not statistically significant 15% increase (z = 1.573,p = 0.1157)
over the default, while the inclusive image version showed no
practical difference from the default (z = −0.765,p = 0.4442). The
campaign targeting men showed a different pattern. The odds of
clicking were 20% lower (z = −2.397,p = 0.0165) for the inclusive
text version than the default. The CTR of the other two versions
was comparable to the default (|z | < 0.9,p > 0.39).

To summarize, the ad combining inclusive visual and verbal cues
substantially increased engagement among women without reduc-
ing engagement among men. While the inclusive text ad which
highlighted the role of women in CS tended to be appealing to
women, it actually reduced the CTR among men. These results an-
swer our first research question by providing evidence in support
of hypothesis H1a that visual and verbal content cues (in combi-
nation) increase women’s engagement; for men (H1b), the cues
manipulation made no significant difference except for the verbal
content cue, which inadvertently reduced engagement.

6 STUDY 2: CUES AT COURSE ENROLLMENT
Study 1 focused on the first step in the "pipeline" into STEM educa-
tion: using psychologically inclusive design to increase women’s
information-seeking behavior about a learning opportunity by in-
fluencing anticipated belonging. Study 2 focuses on the very next
step: the decision to enroll in a STEM learning opportunity. To
address RQ2 about women’s and men’s decisions to enroll in a
STEM course, we conducted a quasi-experiment to test the effect of
adding psychologically inclusive visual and verbal content cues on
the enrollment page of a statistics course. The course was selected
according to the same criteria as in the prior study: free availability,
no prerequisites, and evidence of a gender gap (only 23% of the
most recent 26,000 enrollments were women).

6.1 Method
6.1.1 Study design. We designed a quasi-experimental study to
quantify the behavioral consequences of psychologically inclu-
sive cues on online course enrollment. The study combines an
ABAB interrupted time-series design with a matched difference-in-
difference (DID) design. Participants enrolled in online courses on
the Stanford Lagunita platform, which offers free open-scale online
courses. The ABAB design was implemented by successively chang-
ing elements of the course landing page that people visit before
enrolling in the target course, an introductory course on Probability

Table 2: Timeline of quasi-experimental study.

Condition Start Date End Date Enrolled Women

Pre Default 1-2-2016 30-3-2017 26,154 22.6%
A Default 30-3-2017 27-4-2017 3,697 21.9%
B Inclusive 27-4-2017 16-9-2017 17,911 26.9%
A Default 16-9-2017 10-6-2018 16,728 26.8%
B Inclusive 10-6-2018 8-9-2018 3,510 21.5%

(a) Default (b) Inclusive image

An Inclusive and Supportive Place to Learn
This course provides an accessible, inclusive, and supportive space to
learn. Anyone can enroll from anywhere in the world and everyone,
no matter what their gender, ethnicity, or socio-economic status,
can be successful. Our goal is to help you learn interesting topics in
probability and statistics. Welcome!

(c) Inclusivity statement

Now anyone can develop an understanding of probability and sta-
tistics with this self- paced, interactive course. Creative problem
solving activities and simulations walk you through the basics of
exploratory data analysis, how to sample data, and how to draw infer-
ences. The course provides a fair and inclusive learning environment
to support learners of all backgrounds. Free Enrollment.

(d) Course description in marketing email

Figure 4: Landing page and marketing manipulation.

and Statistics. The matched DID design was implemented by ma-
nipulating a single course on the platform and comparing outcomes
with similar courses that were open for enrollment during the same
time.

6.1.2 Sample. Table 2 provides an overview of the study timeline,
sample size, and the percentage of enrollments from women in the
target course. For comparison, we also show historical data of a
previous offering of the target course indicated as "Pre". Over the
course of the study, the target course enrolled a total of 41,846 learn-
ers, 44% located in the United States, and based on self-report 26%
women, mean age 33 (SD=11), 39% with a college degree, 31% with
a master’s degree, and 6% with a PhD. While the target course was
running, 108 other courses on a variety of subjects were available
and enrolled 338,878 unique learners (508,937 total enrollments).

6.1.3 Manipulation. The treatment was amanipulation of two cues
on the landing page of an online statistics course. The course image
was changed from a "cold" graphic with graphs and equations in
the background (Fig. 4a) to a "warm" picture featuring a woman
creating a pie chart (Fig. 4b). Moreover, an inclusivity statement (Fig.
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4c) was added to the page in a prominent location. The statement
explicitly says that individuals of all genders and from anywhere
in the world are welcome. We timed the first change of the landing
page (but not subsequent ones) with a wide email announcement of
course offerings which incorporated a short course description with
psychologically inclusive language (Fig. 4d). The announcement
was sent to 1.9 million email addresses and it was opened 700,000
times according to email tracking data. As detailed in Table 2, after
observing course enrollment rates for two months with the default
landing page ("A"), we manipulated the course landing page by
adding psychologically inclusive verbal and visual content cues
("B") and tracked enrollment rates for nearly five months. Then,
we switched the enrollment page back to the default ("A") for nine
months before adding the cues back in again ("B") for three months.

6.1.4 Measures. We collected individual course enrollments with
self-reported gender. The percentage of women is computed rela-
tive to all enrollments (not just those that self-reported a gender),
thus assessing the decision to self-report gender as "woman". As
described next, the analysis compares the proportion of women en-
rolling in the treated course and in matched control courses during
three two-month study periods, each centered around the time in-
clusivity cues were manipulated. We consider only one enrollment
for each unique user in each of these three periods independent
of their course engagement and subsequent decision to unenroll
(re-enroll).

6.1.5 Analysis. The causal effect estimate is least biased close to the
time of manipulation because whether an individual sees the page
in the default or inclusive state is plausibly random and contem-
poraneous changes unrelated to the manipulation are less likely to
occur. We therefore consider three two-month periods, one month
before and one month after each interface change: A to B (period
1), B to A (period 2), and A to B (period 3). Figure 5 illustrates
how enrollment rates changed in each period for the target course
and the matched control courses. For each period, we estimate the
difference-in-difference estimator which quantifies the effect attrib-
utable to the manipulation. We identified matching control courses
based on the proportion of enrolled women. In each period, we
retain control courses with at least 30 enrollments and a propor-
tion of enrolled women within 10 percentage points of the target
course in the month before the manipulation. We ran regression
analyses of individual enrollments as a binary outcome (female 0/1)
using a linear probability model with cluster-robust standard errors
(clustering on course IDs). Weekday was added as a fixed-effect
covariate to mitigate variance due to cyclical trends.

6.2 Results
We tested to what extent the manipulation of inclusivity cues af-
fected the enrollment of women in the course (H2). In periods 1 and
3, psychologically inclusive cues were added; in period 2, they were
removed. Figure 5 illustrates the change in the proportion of women
enrolling in the target course and matched control courses during
the three two-month periods around the change of the landing page.
The difference-in-difference estimate in the first period indicated
that the proportion of women increased by 3.88 percentage points
(an 18% increase) when cues were added and it dropped in period

Table 3: Difference-in-difference estimates of the effect of
showing psychological inclusivity cues on the proportion of
women enrolling in three study periods.

Period Ntarget Nmatched DID estimate

1 8,644 22,456; 30 courses 3.88pp, t30 = 4.64, p < 0.001
2 3,611 12,387; 22 courses -2.35pp, t22 = −2.19, p = 0.039
3 1,390 12,387; 26 courses -2.09pp, t26 = −2.66, p = 0.013

Pooled 13,645 49,210; 48 courses 2.71pp, t48 = 4.75, p < 0.001
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Figure 5: The proportion of course enrollments fromwomen
in themonth before and after eachmanipulation of the land-
ing page of the treated course is shown in red, and for com-
parison, the corresponding proportion in matched control
courses is shown in gray. Error bars show robust standard
errors clustered on course.
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Figure 6: Normalized enrollment rate for men (blues) and
women (reds) in each period for the target course (dark
shade) and matched control courses (light shade) showing
the change in enrollment numbers relative to the beginning
of each study period.

2 by 2.35pp (an 8% drop) when cues were removed. Surprisingly,
women enrollment also dropped in period 3 by 2.1pp (a 9% drop)
despite cues being added back in. Pooling across the three study
periods, the combined DID effect estimate of inclusivity cues is
positive and statistically significant. Estimates and test statistics
are provided in Table 3.

Furthermore, we examined how the enrollment rate changed
for men and women separately, as the observed change in the
percentage of women could also be due to enrollment changes
among men. Figure 6 shows the normalized rate of enrollment in
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each period relative to the start of the period. We can now see
that underlying the effect in period 1 in the treated course is a 93%
increase in enrollments from women relative to a 62% increase from
men; while at the same time enrollments slightly dropped in the
matched courses (-19% for women; -21% for men). In period 2, when
the psychologically inclusive cues were removed, enrollment from
women dropped 27% while enrollment from men dropped by only
20% (-23% for women and -22% for men in matched courses). In
the final period, enrollments increased in the target course by 6.4%
for women and 18% for men, compared to 8% and 11% enrollment
drops, respectively, in the matched courses.

To summarize, the psychologically inclusive visual and verbal
cues were effective at increasing enrollments from women in two
out of three periods. This effect can be attributed to a greater in-
crease (decrease) of enrollments from women relative to men. How-
ever, changes in the rate of men enrolling in the target course were
in the same direction as for women, albeit smaller in magnitude
in the first two periods. Thus, there is no evidence to suggest that
male enrollment rates were adversely affected by the inclusivity
cues.

7 DISCUSSION
Psychologically inclusive design is a theoretically grounded ap-
proach to creating digital environments that afford equal oppor-
tunities to diverse learners by strategically manipulating content
and design cues [32]. We introduced a taxonomy of psychologically
inclusive cues to constrain the complexity that arises from the ex-
pansive, multifaceted design space that digital environments afford.
We then tested the effectiveness of the approach in two large field
experiments. By demonstrating the behavioral consequences of sub-
tle cues in online environments, this research extends prior work
on the influence of environmental cues on psychological barriers
to women’s participation in STEM education. It represents one of
the first published studies estimating the behavioral consequences
of inclusive cues in real-world environments and thus contributes
to both theory and practice. The broad theoretical foundation and
evidence base of psychologically inclusive design means that the ap-
proach can also be applied in other contexts to improve inclusivity
for people affected by psychological barriers, such as ethno-racial
minorities or those with low socio-economic status. How effective
the approach is in other contexts with other populations warrants
scientific attention.

Overall, our findings show that (subtle) visual and verbal cues in-
fluence enrollment behaviors in online courses, specificallywomen’s
enrollment in online STEM courses. Certain cues, such as cold,
"techy" images on online course enrollment pages, appear to have
activated identity-based concerns which reduce anticipated belong-
ing and discourage women from enrolling in STEM courses [10,
44, 49]. However, cues based on psychologically inclusive design
(e.g., warmer pictures depicting female students as role models)
can alleviate identity-based concerns and stimulate information-
seeking and increase women’s enrollment in STEM courses [42].
This research advances our understanding of the opportunities and
limitations of psychologically inclusive design in practice.

7.1 Implications
Given the rapid expansion of online learning both nationally and
internationally, and concerns about the participation of women in
STEM disciplines, our work has practical implications for how to
market and design platforms for online courses and even degree
programs. A practical implication of our findings is that updating
marketing collateral and the content of online course enrollment
portals according to psychologically inclusive design principles can
raise the participation of women in STEM courses. However, we
found in Study 1 that changing visual cues alone may not send a
strong enough signal to change construals of STEM learning envi-
ronments as a "chilly", or psychologically threatening place [21, 69].
Updating an online advertisement with only an inclusive visual con-
tent cue or verbal content cue did not significantly raise enrollment
behaviors relative to the default advertisement (though the verbal
cue showed more promise than the visual cue in terms of the effect
size). It was only when we updated both visual and verbal content
cues that women’s enrollment behaviors significantly increased.
Thus, designers should consider adapting both visual and verbal
cues to maximize the impact of psychologically inclusive design
interventions.

Another implication of our findings is that psychologically inclu-
sive cues may "backfire" with the majority group. Contrary to prior
work (and our hypothesis 1b) that consistently finds men’s attitudes
to be unchanged by inclusivity cues targeting women [9, 10, 40],
we found men’s behavior to be negatively affected. Study 1 revealed
a significant decrease in enrollment behaviors among men when
they were targeted with a verbal cue designed to be psychologically
inclusive for women. In the first two periods of Study 2, the rate
of enrollment among men changed in the same direction as for
women but at a slower pace. Likewise, Brooks et al. [6] found lower
participation of men when exposed to female cues. To our knowl-
edge, it is the only other published field experiment testing the
impact of inclusive cues on behavior. This suggests that cues can
have different behavioral effects for men and women in real-world
settings. Moreover, it may be the case that the relationship between
the strength of cues and behavioral effects is not linear. Stronger
cues or ones where the intent is too obvious may cause psychologi-
cal reactance (for a review, see [5]), which has been identified as
an explanation for why some persuasion techniques (e.g., pop-up
ads [19]) backfire. We therefore recommend that designers con-
sider potential unintended consequences of cues, especially if only
strong verbal cues are used, and when possible, to test messages
with non-targeted populations for negative reactance.

A third implication of our results is that the effects of cues in
real-world settings may be variable over time and influenced by
other contextual factors. In Study 2, we essentially replicated the
same intervention three times over the course of 18 months due to
the ABAB design. A significant effect of inclusive cues on women’s
enrollment was detected two out of three times. The third time the
effect was not only null but significantly reversed: the percentage
of women’s enrollments dropped. It may be the case that unre-
lated changes to the online environment such as adjustments to the
search engine optimization or enrollment portal design elements
may have affected the impact and efficacy of the psychologically
inclusive cues. The positive effect of the cues was strongest when
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the course was included in a direct email campaign and the course
tile was displayed prominently on the course enrollment portal.
Psychologically inclusive cues may be more effective the more
salient and/or accessible they are relative to other cues in the on-
line environment. Alternatively, the larger audience that accessed
the course enrollment page when the course was prominently dis-
played may have included more women who are receptive to the
cues. Although the overall effect across the entire study was sig-
nificant in the predicted direction, the reliability of the effects of
psychologically inclusive cues warrants further investigation.

7.2 Limitations
We conducted field studies to estimate the behavioral effects of
psychologically inclusive cues with high ecological validity. How-
ever, to do so we had to give up some internal validity compared to
laboratory studies. In particular, we had less control over the instru-
mentation of the research. In Study 1, we used Facebook’s business
advertising platform which provides a set of metrics to evaluate ad
experiments. Our analysis focuses on a key metric in digital adver-
tising, the click-through rate (CTR), which is the number of people
who click on the ad when they are exposed. People may see an
advertisement multiple times giving them repeated opportunities
to click. Yet the platform provides only aggregate counts, which
do not allow us to account for this source of dependence in the
data. Using the unique number of clicks (i.e. a platform-provided
estimate of how many people ever clicked on the ad) in the numer-
ator instead of the total number of clicks yielded equivalent results.
The platform also provides a ’reach’ statistic, the estimated number
of unique people exposed to the ad, but without information on
the sampling variability. Using this estimate in the denominator
renders the effects statistically insignificant.

Another limitation related to instrumentation is that we could
not assess the psychological processes posited by theory in this
research. Ideally, we could have tested the entire process in the
wild, namely that psychologically inclusive cues affect enrollment
behaviors by increasing anticipated belonging and reducing gender-
identity threat (e.g. [33]). Metaxa-Kakavouli et al. [42] adapted a
number of instruments for online learning environments, such as
ones for ambient belonging and gender-related anxiety, that would
help to confirm in future work whether psychologically inclusive
design cues affect the key mechanisms identified by theories of
social belonging and identity threat.

Moreover, the study population (targeted Facebook users and
people familiar with the Stanford online course platform) and study
materials (the specific verbal and visual content cues) limit the
generalizability to other populations and contexts. In fact, we found
that the exact same cues in the same context induced divergent
effects in Study 2. Arguably, this suggests that our ability to reliably
replicate behavioral effects in this area of research is bounded by
our limited scientific understanding of the role of other contextual
factors.

Finally, no quasi-experimental study (i.e., Study 2) is without
threats to internal validity that may bias the causal inference. We
combined three econometric methods to reduce potential bias and
approximate an as-if random comparison. Nevertheless, three ways
that the current design could be improved are: (1) manipulate more

than one course to increase generalizability, (2) match courses be-
fore randomization such as in a matched-pair design to increase
statistical power and cleanly separate study design from analysis,
and (3) observe outcomes for shorter periods to reduce variance
due to temporal variation in enrollment.

7.3 Future Work
Findings of this research are consistentwith extant social-psychological
theory and empirical results on social belonging and social iden-
tity threat, as well as recent work that has examined how cues in
online environments can raise psychological barriers and identity-
based concerns for certain groups of people. Consistent with prior
work on social-identity contingencies, findings of Study 1 shows
a positive effect of a verbal cue that states a commitment to di-
versity. Purdie-Vaughns et al. [49] independently manipulated two
identity-safety cues in a brochure about a potential work setting:
the company’s diversity statement and the numeric representation
of minorities in a picture. They found that so long as there was a
statement embracing the value of diversity, it did not raise signif-
icant concerns among minorities if the photo showed minorities
underrepresented. Thus, different cues can raise or lower threat, and
even counteract the effects of other cues to render an environment
psychologically inclusive [48].

Further research is necessary to inform the optimal choice of
cues to implement and understand how the efficacy of different
cues depends on audience characteristics and other contextual fac-
tors (i.e. heterogeneous treatment effects). Furthermore, while this
research focuses on supporting the STEM pipeline with psychologi-
cally inclusive design, more work is needed to investigate the role of
design cues in the subsequent steps of women’s STEM trajectories.
A natural extension of our work in this area is to track click-stream
and performance data throughout a course after adding psycholog-
ically inclusive cues before enrollment. The study would build on
prior work showing that lifting psychological barriers and changing
construals of non-belonging in academic environments can give
rise to virtuous recursive cycles [11, 68].

In both of our studies, we found evidence that men’s behavior
was affected by psychologically inclusive cues meant to increase
women’s participation. As discussed above, this stands in contrast
to many previous studies that found men to remain unaffected by
such cues. We specifically found in Study 1 evidence of a backfiring
effect whereby male enrollments were significantly decreased by
verbally inclusive cues. This raises both practical concerns and
questions about whether contextual factors may reveal boundary
conditions in extant theory and research. Future research is needed
to reveal whether, for example, certain contexts and types and
intensity of verbal cues may result in a backfiring effect for men.

Future work should also investigate the effects of the other two
categories of cues presented in the taxonomy of psychologically
inclusive design: visual design and interaction design cues. These
were not tested in the current research, though they are important in
the design of digital learning environments. In particular, a factorial
design that experimentally manipulates all four types of cues would
greatly advance our understanding of the relationships between
cues in the taxonomy.
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8 CONCLUSION
This research contributes to a small but growing scientific literature
documenting that, just as in face-to-face settings, cues in online
spaces can activate psychological barriers for certain segments of
the population. Our studies demonstrate that psychologically in-
clusive design principles can be applied in real-world settings to
ameliorate these barriers and influence behaviors such as increas-
ing female participation in online STEM courses. In addition, we
present a taxonomy that can inform future work exploring the be-
havioral consequences of different types psychologically inclusive
cues: verbal content, visual content, visual design, and interaction
design cues. These studies also reveal that cues may not operate
in real-world settings as they do in the laboratory, and we have
highlighted potential exogenous factors to consider in future work.
Given the consequences of non-inclusive design, such as the per-
petuation of enrollment and participation gaps for women in STEM
disciplines, we implore researchers to systematically test and prac-
titioners to earnestly explore psychologically inclusive design in
various online learning contexts.
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