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The practice of science outreach is more necessary than ever. However, a
disconnect exists between the stated goals for science outreach and its actual
impact. In order to examine one potential source of this disconnect, we
undertook a survey-based study to explore whether barriers to participation
(either intrinsic or extrinsic) in science outreach exist within the academic
community. We received responses to our survey from 530 individuals, the
vast majority of whom engage in some type of science outreach activity
on an annual basis. Those who engage in outreach report doing so for
both personal and altruistic reasons, and having high (yet varied) levels of
comfort with performing outreach activities. Respondents also report the
existence of several significant yet surmountable barriers to participation,
including lack of time and funding. Our findings demonstrate that both levels
of participation in, and attitudes toward, science outreach within the academic
community are generally favorable, suggesting that the general ineffectiveness
of science outreach is due to other causes. We place our findings within
the context of the broader science outreach, science communication and
public engagement literature. We make recommendations on how existing
approaches and infrastructure can, and must, be changed in order to improve
the practice.

KEYWORDS

science outreach, public engagement with science, science communication, survey
study, informal science education

Introduction

As with any global health emergency, gaining the trust and cooperation of
global publics is key to an efficient and effective response. One way to build
this trust and influence key behavioral changes in service of public health and
safety is through science outreach, also known as public engagement with science
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(Chan et al.,, 2021; Bernheim, 2022). As a global society, we
have all been witnesses to how effective science outreach and
community education can help manage the harmful impacts of
the COVID-19 pandemic (Bhatia, 2020; Gilmore et al., 2020;
Caulfield et al., 2021). As we continue to learn about the impact
of COVID-19 and the biology of the SARS-CoV-2 virus, we are
also seeing a steady stream of accompanying misinformation
that continues to challenge standard and experimental scientific
processes, sowing mistrust and uncertainty in communities
across the globe. For example, the COVID-19 pandemic revealed
that many communities face incredible barriers to accessing
important, evidence-based public health information, leading to
vaccine skepticism and a refusal to adopt behaviors such as social
distancing and masking. We believe this clearly demonstrates an
urgent need for cogent, lucid dialogue between the scientific and
medical communities and broader publics. Yet the foundations
upon which such engagements lie, such as trust, warmth and
competence, are wobbly at best, leading to ineffective execution
that has only furthered the divide between scientists and non-
scientists (Fiske and Dupree, 2014). Before we as a scientific
community can even begin to approach a cure, we must first
diagnose the cause(s) of this disconnect.

Science outreach, as a general concept, is not new.

«

Sometimes referred to as “science engagement” or “public
engagement with science,” science outreach can be generally
described as a framework that allows scientific communities
from academic or institutional contexts to meaningfully
connect with non-scientific communities around a collection
of overlapping goals, which are met through the application
of effective science communication and/or informal education
practices, and are characterized by reciprocal learning for all
involved (Lopes et al., 2018; Garbarino, 2020). From natural
philosophy lectures during the Renaissance era to the advent
of science museums in the early twentieth century to the use of
social media channels in the twenty-first century, we have seen
science outreach take many exciting, adaptable forms.
Unfortunately, within academia, science outreach has
traditionally been perceived as a low-status task (The Wellcome
Trust, 2006; Johnson et al., 2014) that is typically performed by
graduate students and early-career faculty, the majority of whom
are women (Andrews et al., 2005; The Wellcome Trust, 2006;
Ecklund etal., 2012; Johnson et al., 2014). In addition, significant
barriers to participating in outreach exist, such as limited time
and disapproval from peers or supervisors (Andrews et al., 2005;
The Wellcome Trust, 2006; Ecklund et al., 2012). We know
from earlier work that institutions of science value research
endeavors above all else, resulting in the marginalization of staff
involved in science outreach efforts, as well as a scarcity of
hard funding and infrastructure for such initiatives. Training
for scientists wishing to contribute to these efforts is similarly
lacking (Bevan et al., 2020). The pursuit of science outreach
and engagement activities is also often frowned upon by many
members of the scientific community, whether because these

Frontiersin Communication

02

10.3389/fcomm.2022.907762

activities are considered peripheral, or because weighing in on
a politically charged subject is deemed “too risky” (Canfield
et al., 2020). This has many downstream impacts, touched upon
above, which were (and still are) magnified during the COVID-
19 pandemic. Science is not a neutral arbiter. Rather, science
is entrenched in the social, ethical, and political values of the
scientist who chooses how to conduct, apply, and/or disseminate
research findings (Lacey, 1999). As such, science outreach also
assists the scientist in learning the broader and more diverse
belief systems held by members and groups within our society
(Pardini et al., 2021).

With so many variables affecting the implementation
and execution of science outreach initiatives, it has been
challenging to identify the most pertinent issues that need
addressing. Though several social science research groups are
working to understand the science of science outreach, a
broad understanding of this field and how it fits within an
evolving scientific ecosystem is limited. Often, reports on science
outreach are centered on highly contextual circumstances, such
as examining the role of a specific engagement program on
science identity. For example, Gall et al. have shown that
in-school visits are more effective at reaching students from
historically underrepresented backgrounds in science compared
to a science fair type of outreach program (Gall et al., 2020).
While studies of this nature offer specific insights, these efforts
are not relevant in understanding how to scale and sustain
effective science outreach efforts associated with academic
scientists and the institutions within which they conduct their
research. Moreover, few peer-reviewed studies have examined
science outreachs relationship and utility to the scientific
research enterprise. To date, only a small number of studies
have focused on scientists’ involvement with science outreach
(Michelle et al., 2001; Andrews et al., 2005; Poliakoff and Webb,
2007; Ecklund et al., 2012; Johnson et al., 2014; Lisa and Russo,
2015). While informative, these studies have several limitations
as they usually contain small sample sizes (Andrews et al., 2005;
Poliakoff and Webb, 2007; Ecklund et al., 2012; Johnson et al.,
2014), are not specific to the U.S. research enterprise (Michelle
etal., 2001; The Wellcome Trust, 2006), or provide perspectives
from a single scientific field (Lisa and Russo, 2015).

Seemingly in conflict with how little we know in terms
of scaling science outreach within the scientific enterprise,
agencies funding scientific research, such as the National Science
Foundation (NSF), continue to require “broader impacts”
statements (often manifested as science outreach initiatives)
for awarding grant monies. However, it is not clear if this
mandate for funding has had any collective impact—positive
or negative—on the relationship between science and society.
Additionally, we know that scientists are motivated by emotions
like joy, wonder, and curiosity, as well as the desire to “do good”
for society, which are all intrinsic motivations that connect with
how general public’s view science and scientists (Johnson and
Dieckmann, 2020; Funk and Hefferon, 2022).
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As the nexus of science and society continues to mandate
a shift in favor of science outreach and the practices of science
communication and engagement, we must continue to explore
the tensions that arise between academic science and these
activities. Here, we contribute to the growing social science
research surrounding the profession and practice of science
outreach in order to better understand how the perceptions
and motivations for participation in these activities has—or has
not—shifted among academic STEM trainees and professionals.
These data, in combination with existing findings, can help
establish a baseline understanding of this rapidly growing field,
which is an essential exercise if we are to sustain, or even expand,
these efforts in ways that make genuine impact on our society.

Methods

A survey instrument designed to assess scientists™ attitudes
toward science outreach and motivations or barriers to
participation was developed through a collaborative consensus
process and use of the instrument was piloted by a convenience
sample of colleagues engaged in science outreach at varying
levels of frequency. Based on the feedback from the pilot
study, the survey instrument was further revised for clarity.
Survey themes included demographics, academic institution
type and role, participation in science outreach, attitudes
toward outreach, and career information for science outreach
professionals. The full survey instrument can be found in
Supplementary material 1. A snowball sampling strategy was
utilized to distribute the survey (Qualtrics, www.qualtrics.com)
between January 10th, 2020 and April 17th, 2020. Briefly,
two of the authors (NCW and JG) shared an invitation to
participate in the survey with their professional networks
through email and social media platforms. The survey
invitation encouraged participants to share the email or
post within their professional networks as well. Participants
were not compensated for their participation in this study.
Subsequently, the survey link received 1,796 unique clicks and
was primarily accessed through email (72%), Twitter (32%),
and other social media platforms (6%). Inclusion criteria
included graduate students, postdoctoral fellows, faculty, and
staff at academic institutions within the United States who self-
identified as belonging to a science, technology, engineering,
or mathematics discipline. Two gating questions, “Do you
study or work in a science, technology, engineering or math
(STEM) field?” and “Do you study or work at a 2- or
4-year college, university, or academic research institution
within the United States?” were used to screen participants
for the inclusion criteria. Incomplete survey responses were
excluded from the final dataset of 530 respondents, for
a relative response rate of 30% based on unique survey
link clicks.
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Quantitative data analyses

Demographics and survey respondents’ academic roles were
summarized using frequencies and percentages. Categorical
survey responses were reported using percentages. Median,
mean, and standard error of the mean were computed for
ordinal survey responses. Chi-square tests were used to compare
participation in science outreach activities by academic role,
academic rank, and gender. Differences in ordinal responses to
questions related to comfort in science outreach participation
were assessed using Kruskal-Wallis tests.

Qualitative data analyses

Open ended survey comments were analyzed using a
thematic approach. Two of the authors (NCW and JG)
independently read and manually coded participant comments
using deductive methods. Comments related to the statement,

»

“I participate in science outreach because...” were assigned
one of more of the following categories: Personal motivations;
diversity, equity, inclusion and access; promoting education;
societal relevance; inspiring the next generation; or other.
Comments related to the statement, “I do not participate in

2

science outreach because...” were assigned to one or more of
the following categories: Time constraints; lack of professional
incentive; unsure of opportunities; or other. Two of the authors
(NCW and JG) discussed the comments to agreement.

The Rockefeller University institutional review board
deemed this study exempt from further review. P-values < 0.05

were considered significant.

Results

Characteristics of survey respondents

A survey instrument designed to assess scientists’ attitudes
toward science outreach and identify motivations or barriers
to participation in science outreach is described in detail in
the Methods section. A total of 530 respondents completed
the survey representing a range of scientific disciplines, career
stages, and academic institutions. The majority of respondents
were white (79%, n = 416), women (72%, n = 380), between
the ages of 24-44 (66%, n = 350) (Table 1). Respondents
most frequently reported studying or working in New York
(20%, n = 104), Michigan (10%, n = 53), Massachusetts
(10%, n = 53), California (7%, n = 35), and Illinois (6%, n
=31).

Next, respondents were asked to describe their educational
background, academic role and institution type (Table 2). The
majority of respondents hailed from the biological sciences
(57%, n = 304) and had earned a PhD in their respective
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TABLE 1 Respondent demographics.

N %
Total 530 (100)
Gender

Female 380 72
Male 137 26
Non-binary, Non-conforming, prefer to 13 2
self-describe or not say

Race

White 417 79
Asian or Pacific Islander 57 11
Black or African American 17 3
Multiracial 19 4
Other, prefer to self-describe or not say 20 4
Ethnicity

Hispanic or Latino/a/x 49 9
Non-Hispanic or Latino/a/x 481 91
Age

18-24 years old 46 9
25-34 years old 233 44
35-44 years old 117 22
45-54 years old 58 11
55-64 years old 53 10
65-74 years old 19 4
Prefer not to say 4 1
US location

New York 104 20
Massachusetts 53 10
Michigan 53 10
California 35 7
Illinois 31 6
Other 205 39
Not disclosed 49 9

STEM discipline (54%, n = 288). Respondents held varying
roles in academia such as faculty (30%, n = 159), graduate
students (33%, n = 177), postdoctoral fellows (15%, n =
77), and staff/other (22%, n = 117), and worked or studied
391). Fifty
respondents (9%) indicated that they held a leadership role

at a research-intensive institution (74%, n =

such as a Department Chair, Dean, Provost, or President.
Of the faculty respondents (n = 159), 67% held tenure
track positions at the rank of assistant (32%, n = 34),
associate (30%, n = 32), and full (38%, n = 40) professor
(Table 3). Faculty respondents reported that their research was
primarily supported by institutional or departmental funds
(48%, n = 51) and National Science Foundation (27%, n =
29) or National Institutes of Health (13%, n =
(Table 3).

14) grants

Frontiersin Communication

04

10.3389/fcomm.2022.907762

TABLE 2 Respondent roles and fields within academia.

Total

N =530 100%
Education level
BS or BA 130 25
MS or MA 92 17
PhD 288 54
Other, pefer not to say 20 4
Institution type
Research intensive 391 74
Primarily undergraduate 65 12
Religiously-affiliated 17 3
Minority serving institution 10 2
Other or unsure 47 9
Role in academia 530 100
Faculty 159 30
Graduate student 177 33
Postdoctoral fellow 77 15
Staff 94 18
Other 23 4
Leadership role
Chair, Dean, Provost, or President 50 9
Field of study
Biological or life sciences 304 57
Social Sciences 33 6
Mathematics 30 6
Geosciences 28 5
Engineering 25 5
Chemistry 25 5
Physics 25 5
Astronomy 20 4
Other 40 8

Respondent participation in science
outreach

First, respondents indicated how often they participate
in science outreach activities with varying degrees of
In this
was defined as activities which, “broadly represent the

frequency (Figure 1). survey, science outreach
different types of interactions between scientists and non-
scientists. .. [sometimes] referred to as public engagement
with
communication.” Frequency was defined by the following

science, informal science education, or science
criteria: Never (I do not participate in science outreach).
Rarely (1-2 times/year), Sometimes (2-3 times/year), Often
(64 times per year), Always (It is part of my job description
/ T consider myself a science outreach professional). The

frequency of which respondents participated in outreach
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TABLE 3 Faculty roles, rank, and primary funding source.

N %
Faculty track (n = 159) 159 100
Tenure track 106 67
Non-tenure track 48 30
Other 5 3

Faculty rank (n = 106) 106 100
Assistant professor 34 32
Associate professor 32 30
Professor 40 38
Primary funding mechanism 106 100
Institutional or departmental 51 48
National Science Foundation 29 27
National Institutes of Health 14 13
Private foundations or philanthropic 12 11

significantly differed by their role in academia [X? (12, n =
530) = 97.26, p < 0.0001]. Fifty percent of staff members
engage in outreach “Always)” or “Often,” compared to
40% of graduate respondents, 38% of faculty, and 17% of
postdoctoral fellows. Postdoctoral fellows comprised the
largest group (58%, n = 45) of respondents who “Rarely” or
“Never” participate in science outreach (n = 42; Figure 1B).
The frequency of faculty participation in science outreach
did not differ by tenure track status X2 (2, n = 159)
= 1.52, p = 0.465; Figure 1C] or rank X2 (2, n = 106)

596, p = 0.202; Figure 1D].
participation in science outreach varied by gender [X* (2,
517) = 8.63, p = 0.013],
to report that they did not participate in outreach, or

However, frequency of
n =

as men were more likely

did so rarely (45%, n =
n =119, Figure 1E).

62) compared to women (31%,

Types of outreach and engagement

When asked about the types of science outreach activities
that they participate in, the majority of respondents indicated
that they engage with a K-12 student population (59%, n
= 305) or participate in public talks or lectures (54%, n =
278) (Figure 2A). In addition, many respondents also engaged
in science outreach activities on social media (49%, n =
251) or at science fairs (41%, n = 214). Twenty-five percent
133) indicated that they have received
some type of formal training in science outreach. Of the

of respondents (n =
75% of respondents who have not received any training (n

= 397), 50% (n = 200) expressed an interest in doing so
(Figure 2B).
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FIGURE 1

Comparison of respondents’ participation in science outreach
activities. (A) The majority of respondents (65%, n = 344)
participate in science outreach at least 3 or more times per year.
(B) Participation in science outreach varies by academic role [X?
(12, n =530) = 97.26, p < 0.0001]. (C) There were no differences
in participation based on faculty track [X? (2, n = 159) = 1.52, p
= 0.465] or (D) faculty rank [X? (2, n = 106) = 5.96, p = 0.202].
(E) Participation in science outreach differs by gender [X? (2, n =
517) =8.63, p = 0.013]. *p < 0.05; ****p < 0.0001.

Comfort participating in science
outreach

Respondents were asked how comfortable they would
currently feel participating in a science outreach activity on a
10-point scale (1 being not comfortable at all, 10 being very
comfortable) (Figure 3). The median response was fairly high
[Median (Mdn) = 9, Mean (M) = 8.3 Standard Error of the
Mean (SEM) =
reported comfort levels among the various roles and ranks
within academia [H = 21.27, p = 0.0003, n = 530)] with faculty
reporting the highest comfort levels (Mdn = 9, M = 8.8 SEM
= 0.13) compared to postdocs who reported the lowest comfort
levels (Mdn = 8, M = 7.67 SEM = 0.30; Figure 3A). There were
significant differences in comfort levels based on respondents’

0.09]. There was a significant difference in

frequency participating in science outreach [H = 137.5, p <
0.0001, n = 530], with increased comfort levels corresponding
to greater frequency of participation (Figure 3B). Those who
did not participate in outreach had the lowest response in
their comfort with outreach (Mdn = 6.5, M = 5.9 SEM=0.39)
compared to those who always participated in outreach (Mdn
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Visitng or hosting K-12
students
Public talks or lectures

Engaging in social
media

Science fairs

Blogs or Newsletters

Science policy or
advocacy

[ ) T 1
0 25 50 75

Percent Respondents

B
Respondents with Respondents who
formal training in would like to receive
science outreach formal training
(n=133) (n=200)
FIGURE 2

Respondents’ exposure to outreach activities and training
opportunities. (A) The percentage of respondents who engage
in various science outreach activities. (B) The percentage of
respondents who have received or are interested in receiving
formalized training in science outreach.

= 10, M = 9.48 SEM = 0.11). Respondent age was also a
significant factor for who participates in outreach [H = 15.1,p =
0.019, n = 530)], with those between the ages of 45-54 years old
reporting the greatest comfort levels (Mdn = 10, M = 9.0 SEM
= 0.17; Figure 3C). There were no differences in comfort level in
outreach participation based on gender [H = 8.41, p = 0.07, n =
517; Figure 3D].

Perceived utility of science outreach

Next, respondents were asked to select their level of
agreement with statements pertaining to the utility of science
outreach at the level of both the individual scientist and
academic institution (Figure 4). The majority of respondents
agreed that science outreach is a tool to establish relationships
with their community (94%, n = 498), establish interest in
STEM careers (93%, n = 492), and to educate or inform non-
scientists about research findings (86%, n = 455). The majority
also agreed that science outreach was a tool for scientists to
build transferable skills (67%, n = 355). Only a minority of
respondents agreed that science outreach was a tool to obtain
research funding (34%, n = 180). The majority of respondents
also agreed that science outreach was a tool for academic
institutions to establish relationships with their community
(92%, n = 486), create interest in STEM careers (92%, n = 486),
and educate or inform non-scientists about research findings
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(84%, n = 443). The majority agreed that science outreach is
a tool for academic institutions to address issues pertaining to
diversity, equity, and inclusion (71%, n = 378) and to promote
cultural competency (63%, n = 336). While 85% (n = 452) of
respondents agreed that science outreach is a tool to recruit
students, only a smaller proportion of respondents indicated that
it was a tool to recruit faculty members (34%, n = 182). Lastly,
the majority of respondents agreed that science outreach was a
tool to attract philanthropic donors (67%, n = 355).

Motivations and barriers to participation
in science outreach

Respondents who indicated that they participated in science
outreach with some level of frequency (either Rarely, Sometimes,
Often or Always, n = 488) were asked a series of questions
surrounding their personal motivations to engage in outreach
(Figure 5). Over 90% respondents indicated that they participate
in science outreach because it is fun and enjoyable (92%, n
= 448). They also indicated that they participated in outreach
to improve diversity, equity, inclusion, and access to STEM
fields (91%, n = 444) or to serve as a role model or mentor
(86%, n =
that they participate in outreach to enhance their professional

422). In addition, many respondents indicated

development (71%, n = 345). Less than a quarter of respondents
noted that grant funding requirements were a factor in their
decision to participate in science outreach (23%, n = 114).
Respondents had the option to complete the following
free-response statement: “I participate in science outreach

»

because...” Three-hundred and thirteen statements were
independently reviewed and coded by two of the authors (NCW
and JG) and discussed to agreement. Fifteen codes emerged, with
a total of 388 occurrences. The proportion of codes assigned
were: Personal motivations (20%, n = 77), diversity, equity,
inclusion and access (DEIA, 16%, n = 62), promoting education
(12%, n = 48), societal relevance (10%, n=38), and inspiring the
next generation (8%, n = 32; Figure 5B). Respondents’ personal
motivations focused on the direct benefit to the individual. For
example, respondents indicated that they participate in science
outreach because, “I value the experience and interactions...,”
or “It gives my life meaning!” Other comments focused on
the importance of improving diversity, equity, inclusion, and
access to STEM fields. One respondent shared, “I believe
it is essential in breaking down structures of privilege that
influence who enters academia and sees themselves in science
or not.” Another respondent noted, “I wouldn’t be here without
[science outreach] and everyone should have access, support,
and resources for equitable opportunity in science.”

A separate theme focused on science outreach as a
tool to advance science education. One respondent noted
that they participate in outreach, “To help non-scientists

frontiersin.org
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FIGURE 3
Comparison of respondents’ comfort level participating in science outreach activities. Respondents comfort level (1 — not being comfortable at
all to 10 — being very comfortable) participating in science outreach significantly differed by (A) academic role [H = 21.27, p = 0.0003, n = 530)],
(B) how often they participate in outreach levels [H = 137.5, p < 0.0001, n = 530], and by (C) age [H = 15.1, p = 0.019, n = 530]. (D)
Respondents’ comfort level participating in outreach did not differ by gender [H = 8.41, p = 0.07, n = 517].

better understand scientific concepts.” Several other comments
focused specifically on enhancing scientific literacy through
outreach. “I'm passionate about improving science literacy in
non-scientist members of the public,” shared one respondent.
Another stated that: “Scientific literacy and critical thinking are
important skills for the general public to have.” In addition
to education, the societal relevance of science was another key
motivator to engage in science outreach. Several respondents
shared that, “It helps non-scientists understand why science
matters to society,” and “It helps the taxpaying public understand
what we do and, hopefully, to value it.” Lastly, many respondents
indicated that they participated in science outreach to inspire
the next generation of scientists. “It lets me show kids the
opportunities they have in science (which I hadn’t been aware
of as a kid),” shared a respondent. A different respondent echoed
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that sentiment, “Seeing others like myself in science helped allow
me to imagine myself as a scientist, thus opening a door to a
career pathway (and a way of advancing knowledge) I hadn’t
previously considered.” Comments which were ultimately
categorized as “Other” included 10 themes ranging in frequency
from 0.5 to 7%. The response varied and discussed topics such as
professional obligations, a sense of duty, obligation to taxpayers,
and to build trust and/or combat misinformation.

Respondents also highlighted the major barriers to
participating in science outreach (Figure 6A). Lack of time
was reported as the most common barrier experienced by
respondents (84%, n = 412), followed by lack of funding (49%, n
= 238), whereas public disinterest in science (14%, n = 67) and
communication or language barriers (7%, n = 32) were reported
less frequently. Of the respondents who never participate in
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A Science outreach is a tool for scientists to...

Establish relationships with community

Create interest in STEM careers

Educate or inform non-scientists about
research findings

Develop transferrable skills

Obtain research funding

[ I I | | I I [ | I |
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Percent Respondents

B Science outreach is a tool for institutions to...

Establish relationships with community
Create interest in STEM careers

Recruit students

Educate or inform non-scientists about
research findings

Address issues pertaining to diversity,
equity, & inclusion

Promote cultural competency
Attract philanthropic donors

Recruit faculty
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FIGURE 4

Respondents’ attitudes toward the perceived utility of science outreach. (A) The percentage of respondents who agree that science outreach is
tool for scientists to accomplish various tasks or initiatives. (B) The percentage of respondents who agree that science outreach is a tool for
academic institutions to accomplish various tasks or initiatives.

science outreach (n = 42), the majority cited lack of time (67%, thing to do without much [return on investment] for already
n = 28) and lack of funding (69%, n = 29) as major barriers stretched faculty and staff.” An additional major barrier was
to participation. being unaware of opportunities to engage in outreach (17%,

Respondents who indicated that they never participated in n = 8). “I have not been able to easily find opportunities
science outreach (n = 42) were asked to complete the following that fit my schedule/available time, and that are easy to get to
free-response question: “I do not participate in science outreach participate in, and that are within my comfort zone,” shared one
because...” Thirty-one responses were coded by two of the responded. Lack of professional incentive was another concern
authors (NCW and JG). Four codes emerged with a total of shared by several respondents (11%, n = 5). As one respondent
47 instances (Figure 6B). Respondents cited time constraints as described, “It is not valued by the scientific community. That
the top barrier to participating in outreach (30%, n = 14). One means it will not help me get a job after my postdoc. In such a
respondent noted that, “I've been too busy working in the lab hypercompetitive environment, how can I justify spending time
to participate in many other activities, and science outreach on outreach when so much else gets piled on?” The remainder of
isn’t my number 1 priority for what to devote extra time to.” the comments were categorized as “Other” and touched upon
Another stated that, “There is already so much other work that themes related to self-doubt [“I am shy and nervous about
needs to be done. Science outreach would just be one more (participating)],” supervisor disapproval (“I think my advisor
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A
Because it is fun and enjoyable
To improve diversity, equity, inclusion,
and access to STEM
To serve as a role model or mentor
For professional development
For socio-cultural or political reasons
Because of grant funding requirements
I I I l I I | | l I ]
0 10 20 30 40 50 60 70 80 90 100
Percent Respondents
B
/ Personal motivations: 19%
Other: 37% ™~
,~ Diversity, equity, and inclusion: 15%
Inspiring the next generation: 8% \/ L \
Promote education: 12%
Societal relevance: 9% *
FIGURE 5
Respondents’ motivations for participating in science outreach. (A) Percentage of respondents (n = 488) who indicated that they participate in
science outreach for various reasons. (B) Percentage of codes (n = 388) associated with respondents’ qualitative responses to the question, “I
participate in science outreach because...”.

would want me to do more research instead of participating in 1985). Thirty-six years later, where are we with regard to the
outreach,”) and professional limitations (“It is not an available perception of science outreach among members of academic
option with my position”). STEM communities?

Our study indicates that Bodmer’s call to action has been
strongly heeded. The members of the scientific community

Discussion who we surveyed have an overwhelmingly positive view of
science outreach, have received or would like to receive training,

The final sentence of the seminal 1985 publication, “The participate in large numbers in a variety of activities, and have
public understanding of science: report of the Royal Society’s high levels of comfort with their participation in outreach. Even
ad hoc group” (colloquially referred to as the “Bodmer report”) more encouraging are the findings that participation in science
issued one of the first broad clarion calls to the scientific outreach is overwhelmingly driven by an interest to showcase
community with respect to public engagement with science: that science can be fun and full of wonder, and can help promote
“[O]ur most direct and urgent message must be to the scientists diversity, equity, inclusion, and access (DEIA) best practices -
themselves: Learn to communicate with the public, be willing issues that also resonate with many target audiences for science
to do so and consider it your duty to do so” (Bodmer, outreach activities. In addition, there has been widespread

Frontiersin Communication 09 frontiersin.org


https://doi.org/10.3389/fcomm.2022.907762
https://www.frontiersin.org/journals/communication
https://www.frontiersin.org

Woitowich et al.

10.3389/fcomm.2022.907762

Lack of time

Lack of funding

Lack of other essential resources

Lack of partners or collaborators

Lack of support from department

Lack of support from supervisors

Unsure of opportunities: 17% \

Time constraints: 30% \

FIGURE 6

question, “I do not participate in science outreach because...”.

Barriers to respondents’ participation in science outreach. (A) Percentage of respondents (n = 488) who indicated that they experience barriers
which hinder their participation in science outreach. (B) Percentage of codes (n = 31) associated with respondents’ qualitative responses to the

30

| I | [ [ I |
40 50 60 70 80 90 100

Percent Respondents

r Lack of professional incentive: 11%

Other: 43%

acknowledgment that the “public” is not a monolith, but is rather
a collection of many groups of connected individuals, in which
scientists, too, belong (Dawson, 2018).

The outcomes of this research are in sync with the
handful of similar studies from the past 20 years that have
examined scientists’ participation in, and attitudes toward,
science outreach, though we recognize that the findings from
this study may be limited by our relatively small, yet not
insignificant, sample size (n = 530). Despite this limitation, our
results suggesting that members of STEM communities hold
highly positive attitudes toward outreach is echoed by studies
from others (Poliakoff and Webb, 2007; Lisa and Russo, 2015;
Rose et al.,, 2020). Similarly, our results demonstrate that fun
and skill development are strong motivators for participating
in outreach and align with results by Andrews and colleagues
(Andrews et al.,, 2005). Our study is also consistent with the
outcomes of work performed by Ecklund et al. and Johnson
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et al., who reported that women participate more than men in
outreach (Ecklund et al., 2012; Johnson and Dieckmann, 2020).
White women were highly represented in our respondent pool
compared to other groups, which may reflect a demographic
trend for the field of science outreach (YOUTUBE, 2021).

It is worth acknowledging that both the PI and Co-PI for this
study are white women. We posit that the overrepresentation in
responses from this group may be, to some extent, a reflection
of homogeneity in the authors’ academic and social networks—a
situation known as homophily that is present across industries,
including economics and science (McPherson et al, 2001;
Currarini et al., 2009).

A strength of our work, in contrast to previous studies, is
that we were able to gather responses from individuals from all
different career stages and academic fields, which may provide a
more comprehensive overview of how science outreach can be
incorporated across academic contexts. Looking at constraints
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on participation in outreach, Andrews et a.l and Ecklund et al.
report that a lack of time is one of the biggest barriers, though
surprisingly the report from Poliakaff et al. did not find time to
be a barrier (Andrews et al., 2005; Poliakoff and Webb, 2007;
Ecklund et al,, 2012). As with our study, Ecklund et al., Rose
etal., and Andrews et al. all found that respondents felt outreach
was not seen as being valued professionally (Andrews et al.,
2005; Ecklund et al., 2012; Rose et al., 2020). Our study found
that 50% of respondents would like to receive formal training
in science outreach, confirming conclusions from Poliakaff et al.
that providing training in this space would boost enthusiasm and
overcome a major barrier to participation in science outreach
activities (Poliakoff and Webb, 2007). Moreover, our data
highlight key engagement of staff as drivers of science outreach
in academic environments. More than 50% of staff surveyed here
indicated that they participate in outreach with a high degree of
frequency, which suggests that outreach roles are increasingly
becoming a part of academic research infrastructure. Lastly, we
recognize that our study is limited by potential survey order bias,
whereby respondents may have altered their responses based on
the order in which the questions were asked. This is particularly
relevant for the open-ended, free response questions which
followed multiple choice questions with prescribed responses.

The big picture

While the intentions driving these trends all appear to be
moving in a positive direction with respect to attitudes toward
and participation in public engagement with science, a larger
question remains: has all of this energy, effort, expenditure of
resources and change in mindset moved the needle at all in terms
of what science outreach is actually trying to accomplish?

If we look beyond internal metrics and focus on external
impact, we cannot confidently answer this question with
an unqualified “yes.” Even though our study suggests that
motivations for participation in science outreach are often
centered on improving issues related to DEIA in STEM, it
has been demonstrated that these efforts are reaching limited
audiences, ones that are not reflective of the demographics of the
American population (National Center for Science Engineering
Statistics, 2020). Research has shown that popular science
outreach activities such as public lectures, events held at science
museums, science fairs and festivals, and K-12 classroom visits,
all of which ostensibly align with our definition of science
outreach (see Introduction), are unfortunately reinforcing
rather than removing exclusionary barriers to participation in
science (Dawson, 2014; Kennedy et al., 2018; Nielsen et al,
2019) and having minimal impact on perceptions toward, and
understanding of, science (Ocobock and Hawley, 2020).

One explanation for these observations comes from the
qualitative feedback we received from respondents as to why
they participate in science outreach, which generally suggests
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a deficit-model, top-down approach to science communication
and engagement. In spite of decades of social science
research supposedly prompting an evolution in the description,
cultivation and maintenance of relationships that scientists can
develop with a variety of communities via science outreach
(Bevan et al., 2020), this counterproductive approach, in which
the representation of STEM to non-expert audiences is dictated
by the dominant cultural norms of STEM, has remained in
place. The resulting mindset and approach to science outreach
serves to attract only those who are already familiar with
these cultural norms, and reinforces much of the exclusive
nature of science, particularly to marginalized communities
who, throughout history, have been discouraged and actively
prevented from engaging in scientific processes (Dawson, 2014,
2018).

Proposed solutions

When this evidence is considered in total, it is unsurprising
that, among non-scientist audiences, there is diminishing
respect toward, and trust in, science and the authority of
scientists (Hamel et al., 2020), as well as a common viewpoint
that science is relevant to the everyday issues at the forefront
of public discourse (LabX, 2019). We must acknowledge
that current efforts are still falling short of the ideals of
science outreach as an approach to broadening awareness and
understanding of, and participation in, science as a field.

Collectively addressing these outstanding issues requires a
cultural shift, one that broadens efforts aimed at motivating
academic scientists to participate in outreach activities to include
a more intentional design and implementation of activities
using best practices in the field. Perhaps one answer is to
take a more holistic approach, one that considers not just
the goals and outcomes we set for engagement, but also
participatory motivations for all stakeholders—scientists and
non-scientists alike.

We must align our efforts with those calling for inclusive
science communication and engagement, an approach that
demands more focus and attention be paid toward community-
centric, bottom-up approaches to public outreach that tear
down silos preventing collaboration and communication across
various sectors and groups (Canfield et al., 2020). Such efforts
must include principles and best practices around active
listening, relationship building, and community organizing
(Christens, 2010; Smith-Keiling et al., 2020). Universities, who
are often at the industrial center of their respective geographic
communities, in particular have an obligation to utilize this
community-centric approach.

Within the scientific community, academic incentives need
to be expanded to recognize the contributions of science
outreach to the system as a whole. We cannot continue
simply promoting the benefits of outreach and engagement
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within the scientific community without formal recognition
being incorporated into the system. Funding agencies should
follow the example set by the National Science Foundation
in incorporating a Broader Impacts requirement for grant
applications (National Science Foundation, 2022). Academic
institutions should include public outreach as a criteria in
their promotion and tenure decisions, and also consider the
qualitative value of science outreach and engagement training
for scientists. Through this study, we confirmed that many
scientists are motivated to participate in outreach because they
view science as fun and full of wonder, and have a desire to share
these potentially powerful emotions with others. While it often
feels taboo to make space for emotion in scientific environments,
prompting “fun” emotions in science can actually enhance the
likelihood that non-scientists will engage with science again in
the future (Hadzigeorgiou, 2014; Gottlieb et al., 2018). This is
particularly relevant when science outreach efforts are intended
to serve minoritized communities (DeWitt and Archer, 2017).

Another straightforward step to be taken would focus on
improving and expanding training in science communication
and public engagement. As demonstrated by current crises,
ranging from the COVID-19 pandemic to climate change to
racial injustice, the scientific community writ large is still
taking a deficit-model approach to communicating science in
which audiences are passive recipients of information delivered
using formal, top-down methods and outlets (Rubega et al,
2021). Clearly there is demand for science outreach training
and opportunities, a welcomed trend that we hope continues
to accelerate. Yet as we look forward, we argue that these
offerings must be properly designed and distributed, in a
manner that takes into account the best principles and practices
of community engagement. Furthermore, there is a need for
stakeholder collaboration on developing ways to examine and
evaluate whether the trainings, activities and programs being
implemented are actually achieving their stated aims (Seethaler
et al., 2019).

Summary

Members of the academic STEM community are willing
to participate in science outreach. Yet internal, external
and systemic barriers have minimized, impeded, if not
outright blocked, their ability to do so effectively. Only
by embracing a mindset of inclusivity and accessibility and
truly engaging with individuals and communities can the
practitioners of science outreach achieve the lofty goals of
improving DEIA, creating interest in STEM careers, and
increasing awareness, understanding, and involvement with
science. Despite improvements that have been made, none of us
should be satisfied with the current state of affairs with regard to
how science is practiced, taught and disseminated. We can, and
must, do better.
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