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Abstract Outreach and engagement occupy ends of a spec-
trum as forms of public participation. Most scientists agree
that outreach and engagement are important, and most partic-
ipate at least occasionally. A wide array of tools can and
should be utilized for effective outreach and engagement.
Risks and challenges are present and manageable. Along with
other scientists, stem cell scientists and their institutions have
an obligation to ensure that their work proceeds in parallel
with robust outreach and engagement efforts. Social media-
based tools can be valuable for discharging these duties.
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Introduction

Outreach and engagement are necessary for science to proceed
with transparency and public trust. Stem cell science has attri-
butes that highlight both the necessity and challenges associ-
ated with outreach and engagement. Stem cell science is not
always easy to discuss. The science is complex and quickly
evolving. Its physical scale makes it inaccessible to non-sci-
entists, many of whom struggle to grasp its basic tenets. The

field is controversial and has been at the center of vigorous
political, theological, and ethical debates. Scientifically un-
founded treatments have been hyped as miracle cures. Many
of these attributes are not unique to stem cell science and can
be found in other fields of science.

Around the United States and the world, political reactions
to stem cell science have resulted in a patchwork quilt of
legislative responses including criminalization, legalization
with state funding, and jurisdictions with no particular over-
sight (e.g., see http://www.hinxtongroup.org/wp.html) [1].
These disparate policies reflect a lack of consensus on and
understanding of the methodologies, potential, and value of
stem cell science.

Human embryonic stem cells (hESCs) remain particularly
controversial [2, 3]. Significantly, the use of these embryo-
derived cells requires the destruction of human embryos,
which raises questions about the moral status of the embryo.
For those who believe that life begins at conception, particu-
larly those with views rooted in religious traditions, this de-
struction can be seen as tantamount to murder. Such positions
can be especially challenging to engage in dialogue due to
incommensurability of religious and secular approaches [4].
Other objections have been raised over the potential for some
methods in stem cell research to lead to an inevitable fall down
the slippery slope to morally objectionable human cloning [5].

Even for proponents, stem cell science’s value remains
largely theoretical. The oft-cited promise of stem cell-
based interventions has yet to produce a real therapeutic
blockbuster. The nature of the currently untreatable dis-
eases that have been proposed as targets for early transla-
tion has led to an environment where patients’ hopes are
sometimes inflated by hype [6•].

Similar attributes to those detailed above will be found in
other areas of science where international research involves
cutting edge technology and promising translation (e.g., gene
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therapy, deep brain stimulation, assisted reproductive tech-
nologies, etc.). While specific details may vary, the
broader challenges that make outreach and engagement
essential are fairly consistent for stem cell science and
for other areas in science. Ultimately, there is deep interest
in understanding the work of science and developing con-
sensus around its wisdom and value.

What Do We Know About Science Outreach
and Engagement?

Outreach/Engagement is Essential

The language we use to describe activities that encourage
encounters with science tells us a great deal about our goals
and commitments. For the purposes of this review, we will
simplify and conceptualize activities as along a spectrum
ranging from pure outreach to engagement [7]. The difference
between outreach and engagement lies in the relationship be-
tween scientific authorities (scientists and their institutions)
and the public. Outreach is focused on actions taken by scien-
tific authorities to disseminate information in an effort to ed-
ucate and inform. Examples of outreach include publications
(in academic and lay press), responding to media inquiries,
and public lectures and events.

Engagement focuses on encounters between scientific au-
thorities and non-expert groups. Engagement activities en-
courage two-way discussions. Engagement can include both
less formal discussions and carefully constructed deliberative
engagement events intended to answer research questions
[8•]. Engagement can present novel challenges, e.g., scientific
authorities have less control over the agenda in two-way dis-
cussions and it is not always clear what to do with the infor-
mation that is learned in these encounters.

For this review, we are limiting our focus to adults. Chil-
dren’s encounters with science are obviously important, but
there is a sufficient difference in the capacities, roles, and
responsibilities of children versus adults to warrant setting
children’s encounters aside for separate consideration, perhaps
in collaboration with professional educators.

Polling suggests that virtually all (as high as 98 %) scien-
tists participate in some form of outreach or engagement, at
least occasionally. [9••, 10, 11]. Nearly half of scientists report
using social media to discuss or follow science [9••]. Partici-
pation is not evenly distributed. Older, more senior scientists
are more likely to report speaking with journalists. Those with
previous communication training or positions that include
teaching responsibilities are also more likely to report out-
reach and engagement activities. [10]. Social media use skews
towards younger scientists, but actual blogging is evenly dis-
tributed among those under 65 [9••].

There is broad and deepening consensus that some forms of
outreach and/or engagement are essential for science [9••, 10,
12, 13]. A consistent majority has voiced support for the ac-
tive participation of scientists and their institutions in at least
some of what has been described as Bthe full range of ways in
which adults encounter the ideas, people, processes, stories,
and objects of science^ [13]. While there is general agreement
that some sort of outreach or engagement is important, there is
less agreement about the specifics of how and why this should
happen. Questions abound. What type of outreach and en-
gagement? How much is required? With whom? If efforts
are directed at the public broadly, some careful thought needs
to be given to ensuring adequate representativeness [14].
Likewise, if efforts focus on key stakeholder groups, this re-
quires the key stakeholders to be identified in some uncontro-
versial manner.

There appears to be a general trend over time of moving
from outreach to engagement. The trend is likely motivated by
critiques of outreach being used merely as a not fully legiti-
mate tool for gaining public acceptance through eliminating
knowledge deficits, rather than as a truly participatory process
[14, 15]. However, the conceptualization of outreach and en-
gagement as the endpoints of a spectrum is meant to serve as a
reminder that activities often include elements of both. It
ought to be possible to heed the cautions about the shortcom-
ings of outreach while recognizing that science can be com-
plex and rapidly changing, requiring some outreach to help
facilitate efficient and effective participatory discussions
about the implications of this science.

Many Ways to Encounter Science

The full range of potentially valuable outreach and engage-
ment activities is vast. Adults can encounter the ideas, people,
processes, stories, and objects of science in a staggering vari-
ety of ways. Examples include museum exhibits, live events,
MOOCs, blogs, vlogs, comments, twitter chats, poetry, drama,
literature, documentary film, and more. While this full range
of media is available to many scientists, a scientist’s selection
from the menu of options typically is shaped by multiple con-
textual factors, including budget, primary audience/partici-
pants, and goals.

A traditional strategy for outreach involves interac-
tions with mass media, typically with scientists working
with journalists to communicate about scientific research
[6•, 9••, 16]. When stars align, media engagement can
offer the benefit of providing a platform for scientists to
discuss their work at the very time that there is broader
public interest in the story [16]. Multi-directional dia-
logue can be fostered between scientists and the public,
with members of the media helping to clarify and am-
plify salient points.
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From Traditional to Social Media

Recent rapid changes to communication technologies have
helped to facilitate the shift towards engagement. In the past,
partnerships with traditional broadcast media outlets were es-
sential for disseminating information about science. Over the
past few decades, we have witnessed the rapid expansion of
social media [17]. Social media can be distinguished from
traditional broadcast media by how information is easily
shared, recommended, filtered, and commented upon by
users. Traditional media, in contrast, is typically broadcast
from one source to a large audience. Traditional media re-
mains important, but it is increasingly just one among many
paths for sharing information broadly.

Distinctions between traditional and social media are be-
coming less useful as traditional media is increasingly also
posted as social media. For example, NPRwill produce a stem
cell science news segment for radio broadcast. This story will
also be posted on their blogs in text format with the audio
embedded. Here, it can receive comments and be shared
through popular social media platforms such as Twitter and
Facebook. The public responds to the news of a new scientific
breakthrough on a platform shared by scientists, allowing for
an equal-access discussion between experts and non-experts.

The increasing prevalence of social media, which is collab-
orative in nature, may be helping to shift scientists’ interac-
tions with the public from outreach towards more interactive
engagement efforts [18, 19, 20••].

Why Engage?

The need for science outreach and engagement is frequently
voiced in terms of scientific authorities’ obligations or duties,
sometimes rooted in public accountability or democratic legit-
imacy [14, 16, 21, 22].

Some subscribe to a narrowed version of this duty to argue
that recipients of state funds have a simpler obligation, rooted
in the idea of accountability, to make efforts to explain their
work to the taxpayers who make this funding possible [22].
This claim could be modified to describe obligations based on
accountability to include private funders and still require some
level of outreach and engagement.

Other claims suggest that broad segments of society have
important stakes in the work and the translated products of
science and scientific research. Stakeholders ought to have
access to and input in this work that directly impacts them.
Scientists must engage with others for this to happen [14].

Scientists may also be obligated to enhance public trust by
ensuring adequate transparency about their work through out-
reach and engagement activities [22, 23]. The rationale here
can either be based on enhanced trust as a good in itself or as a
necessary part of a societal Bcontract^ that grants scientists

certain privileges while creating obligations, including main-
taining public trust in their work.

Another argument focuses on the value of facts and truth.
Scientists, as experts, have an obligation to share their knowl-
edge so as to correct misperceptions, particularly mispercep-
tions that appear common [20••]. In the case of stem cell
research, scientists might arguably have an obligation to pub-
licly temper any hype associated with the publication of sci-
entific papers and also explain what kinds of treatments have
been scientifically validated to help correct misunderstanding
resulting from the rhetoric of Bmiracle cures.^

It has also been argued that there are substantive reasons to
pursue engagement, as engagement can ensure the inclusion
of multiple, diverse perspectives and result in better, more
robust, more socially acceptable, and rapidly adopted out-
comes than science left up to sponsors and scientists alone
[14].

Most scientists support the notion that outreach and en-
gagement are necessary, with nearly nine out of ten voicing
support for the statement that scientists should be involved in
public policy debates involving science and technology [9••].
Most scientists also report a belief that non-expert groups hold
an interest in their work and its importance [24•]. Interestingly,
scientists who report more debate about their work in the
media are more likely to voice an opinion that engaging via
mass media and social media are important for their career
[9••].

Goals and Benefits

Some scientists express more pragmatic and self-interested
goals and anticipated benefits for outreach and engagement.
Often, these can lean more towards the outreach end of the
spectrum. Examples include explaining complex science and
its importance to the non-expert public, funders, and policy
makers; burnishing the profile of science, scientists, and their
institutions in order to influence continued funding and sup-
portive policy; and to aid in attracting the next generation of
bright new scientists [9••, 10, 22].

This focus on outreach as a preferred mode of public en-
gagement is supported by the results of polling of scientists
themselves. Asked to define what engaging with the non-
specialist public meant to them, scientists offered as the most
common response: to explain and promote public understand-
ing of science (34 %). This was followed by highlighting the
implications, relevance, and value of science (15 %) and giv-
ing a public lecture (13 %) [10]. These results are fairly con-
sistent with other findings [11], which support scientists’ pref-
erence for outreach.

Work at the engagement end of the spectrum, while not the
most common response, was, at least, among the most com-
mon responses. Still on the list, but least common among
responses was listening to and understanding the public
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(13 %) [10]. Increasing awareness of the importance of en-
gagement is also evidenced by the emergence of some major
initiatives and programs [25–27].

We can see the value of public engagement, in action. The
UK launched a stem cell public engagement consortium, the
Stem Cells Dialogue, in 2007. The two primary aims of this
project were to Bengage the public about developments in
stem cell research, in order that their views can be taken into
account in policy development by Research Councils, the sci-
entific community and policy makers; and to contribute to
creating an environment across sectors and groups that will
sustain dialogue on issues relating to developments in stem
cell research and their clinical applications^ [25].

More recently, the UK completed another public dialogue
around the complex and controversial science of mitochondri-
al donation techniques as a means of addressingmitochondrial
disease [26]. Following this engagement, the UK parliament
passed legislation to allow their Human Fertilisation and Em-
bryology Authority to review proposals and potentially li-
cense the use of this technology.

Looking forward, public engagement is included as a
prominent feature of the Horizon 2020 framework for EU
research and innovation funding. It is expected to play a sig-
nificant role in the funding supporting research with better,
more rapid, and more acceptable outcomes [27].

While these examples represent significant investments in
engagement, careful research will be required to measure the
impact of these engagements over time to ascertain the extent
to which engagement efforts have achieved their goals and
other effects they may have had on both scientists and the
public.

Fears and Risks

While support for and participation in outreach and engage-
ment may be increasing, there is also some evidence suggest-
ing that outreach and engagement activities, while important,
represent the start of a process rather than any quick solution
in themselves. A commitment to outreach and engagement as
part of science will require many challenges to be confronted
over time and through sustained efforts with varying results.

Scientists and scientific institutions can be hesitant to com-
municate with the public. A litany of fears has been raised
about outreach and engagement via traditional media. These
include worries about the quality of reporting possible in the
context of a hungry 24-h news machine [16]. Concerns have
also arisen over misquotes, unskilled reporting that elevates
unworthy science and bad arguments, and suggestions of false
equivalence between differing views. Yet, there are also risks
that come with not participating in public debates. Sitting out
debates risks leaving bad arguments unanswered by expert
voices [28]. For example, media coverage of athletes’ and
other celebrities’ use of unproven stem cell-based

interventions rarely (27 %) included any mention of whether
there was evidence that these interventions were efficacious
[29], let alone expert analysis of the current state of evidence
regarding stem cell science translation.

Apart from fretting over the risks and challenges of partic-
ipating with the media and in public debates, scientists com-
monly report concerns about institutional support for their
time spent in outreach and engagement (including financial
support for these activities and receipt of appropriate credit on
evaluation). Scientists also express worries over inadequate
training and experience [12]. Calls for increased outreach
and engagement arrive in the context of reduced funding and
increasing commitments in the day-to-day working lives of
many scientists [30]. Additionally, scientists see a barrier in
their perception that the public and the media lack knowledge
and interest in science (while believing that the public holds
their work in high esteem) [9••, 12].

Polling reveals significant gaps in views of science held by
scientists and the public. Notably, recent polling finds greater
than 10 % differences in support for statements about a range
of hot-button issues including vaccination, evolution, and cli-
mate change [12, 24•]. While scientists feel they are viewed
favorably by the public, actual public responses are signifi-
cantly less (though still) favorable. A survey comparing sci-
entist and non-specialist public views of the attributes of sci-
entists shows gaps of more than 20% in responses for 13 of 27
of the attributes [12]. Relationships between scientists and the
lay public may be complicated, particularly in the USA, by the
interplay of science with religious perspectives [31].

A different sort of challenge that complicates the relation-
ship between science and the public is hype. This challenge
was raised in a recent content analysis of press coverage of
translational stem cell research which identified highly opti-
mistic timelines as a consistent problem. The authors found
scientists playing a causal role by providing authoritative
statements that could spur unrealistic expectations [5]. Un-
warranted optimism in media coverage, with less focus on
the particular obligations of scientists, has been identified
as a challenge in other areas of science as well [32]. An
examination of the portrayal of translational stem cell re-
search in daily newspapers in the USA, UK, and Canada
found consistent evidence of highly optimistic, unrealistic
timelines [33].

Along similar lines, we know that there are providers of-
fering a wide range of stem cell-based interventions ahead of
sufficient evidence on safety and efficacy [34–36]. While the
extent of engagement between these providers and the public
is hard to measure, the ample presence of online evidence
suggests that efforts to reach potential cell-based intervention
recipients in this manner have been effective [37]. Many sci-
entists are rightly concerned about the potential impact of
these untested interventions [38, 39]. Patients could be
harmed financially, mentally, and physically. Bad outcomes
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could have a chilling effect on legitimate stem cell research
elsewhere.

One institutional response to this challenge has come from
the International Society for Stem Cell Research (ISSCR).
The ISSCR has undertaken an outreach effort by creating a
website aimed at educating the general public about untested
stem cell-based interventions, including how to evaluate them
and their implications [40]. The hope is that potential patients
will find guidance on evaluating untested stem cell therapies
just as easily as they find advertisements for those therapies.
As a means to counter this problem, some have argued for
responses that focus more on engagement with patients, rec-
ognizing the role of desperation and hope in influencing tough
choices [41]. There have also been arguments for the creation
of new engagement-focused roles for experts to serve as stem
cell counselors, akin to genetic counselors [42•].

A different take on the problem of hype and its origins
focuses on the segment of non-expert society, akin to a sub-
culture, for whom enthusiasm for science is a social signifier.
As Bgeek^ culture has made its way into the mainstream, a
shallow Blove^ of science has gained cachet. This coincides
with rise in prominence of social media use, particularly its
use in sharing recommendations, often devoid of further ex-
planation. A popular blog post on the subject coined the new
term Bscienceyness^ (borrowing from Stephen Colbert’s
Btruthiness^) and reflected on the hazards of Bsciencey^ head-
lines. These are Bpre-packaged cultural tokens that can be
shared and reshared without any investment in analysis or
critical thought…to reinforce one’s aesthetic self-
identification as a ‘science lover.’^ Scienceyness andmisguid-
ed science fandom, it is argued, result in uncritical hyping and
farther raise unrealistic expectations [43].

Taken with a recent analysis that reported high levels of
satisfaction among scientists in their experiences with media
contacts [11], the cultural drive towards scienceyness suggests
a risk that media contacts might provide an uncritical sound-
ing board for scientists to promote views without sufficient
expectation that their claims will meet with any thoughtful
pushback.

Turning to focus specifically on social media, we find yet
more unique fears and risks. These include concerns about
quality, a lack of control over content (including comments
pulled out of context and shared widely), and, of course, the
infamous trolls lying in wait to ambush the unwary with their
inflammatory remarks.

Conclusions

What is the Proper Role for Scientists in Civic Life?

Scientists, in general, and stem cell scientists, in particular,
have an obligation to ensure that their work proceeds in

parallel with robust outreach and engagement efforts. The
arguments in support of this are varied and compelling. Sci-
entists should be accountable; their work is best undertaken
transparently; they should strive towards democratic legitima-
cy through public debates over the risks and merits of their
work. Scientists are given license to experiment and are obli-
gated to engage with the public about their plans and findings.
Robust outreach and engagement ought to yield both better
science and better, more widely adopted outcomes.

This is a professional obligation and not necessarily an
individual obligation. It is possible to be a good scientist and
valuable member of the scientific community without being a
good public communicator and without being personally ac-
tive in outreach and engagement efforts. Institutions must en-
sure that they have someone to serve as a good representative
who can participate in outreach and engagement around all of
the work occurring at that institution.

While not all scientists can be effective as participants in
outreach and engagement, exceptions should bemade only for
good reasons. Scientific institutions should make every effort
to provide support to ensure that as many scientists as possible
can fully participate in outreach and engagement. In order to
ensure success, institutions must recognize the importance of
training/mentoring, particularly for students and early career
scholars. This should include traditional and social media
training—most likely in collaboration with outside experts,
and integrated into the larger educational program.

Institutions should encourage and support mentors to pro-
vide formal and informal training. Likewise, institutions
should provide infrastructure and support to make engage-
ment more effective. This can include hiring relevant experts
and establishing routinely facilitated channels for outreach
and engagement.

Outreach and engagement activities should be well funded
and valued. In other words, these activities should count to-
wards promotion similarly to other scholarly activities. Scien-
tists’ best efforts will be profoundly stymied without this es-
sential support. Ultimately, this will require additional work
towards identifying and refining appropriate metrics for eval-
uating impact and success across a wide range of possible
activities, but less than ideal metrics are not sufficient to serve
as an excuse to avoid obligations.

This paper focuses on the responsibilities of scientists and
their institutions. Responsibilities for ensuring successful out-
reach and engagement also extend to a range of other parties
such as members of the public, interest groups, and funders.
Government entities in particular should support effective
public dialogue.

While extolling the value of outreach and engagement, it is
important to recognize that risks and challenges will endure.
Strategies to address known risks and challenges should be
built into efforts. Research should be conducted to identify
unknown risks and challenges. Refined strategies for effective
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outreach and engagement should consistently be developed,
refined, and deployed. Best practices are likely to evolve over
time and will require vigilant monitoring.

Social Media to the Rescue

Broad access to the internet [17] and the rise of social
media may be helping to nudge activities from outreach
towards engagement [44]. In the past, access limitations
reified the importance of expert intermediaries
(scientists) in controlling access to scientific knowledge
and wisdom. Social media platforms support a shift
away from the need for expert intermediaries by making
possible an apomediated environment, in which users
can help each other to access and understand complex
science. This concept was initially introduced in the
context of medicine but can also been applied to pro-
vide more widespread access to science [18, 19, 20••].
With effort, scientists can move from being expert in-
termediaries and participate alongside fellow experts and
non-experts alike as apomediators.

In addition to facilitating conceptual shifts from
intermediated to apomediated engagement, social media of-
fers an important opportunity for stem cell science engage-
ment. As mentioned above, all media are (potentially) social
media. The increasingly fuzzy line between traditional media
and social media blurs former distinctions and increases the
options available for engagement.

Social media offers a tool that is custom designed for
engagement. It has other attractive attributes: it is glob-
al, inexpensive, easy to use, and it provides a level
playing field. Engagement via social media can happen
in real time, or it can be a platform for sustained inter-
actions where users can respond at their convenience
and carry on discussions over time.

Controversial topics, like stem cell science, tend to draw
heat via social media. This can be both a pro and a con. If
recognized and managed, the capacity to draw attention
should predominantly be a benefit, as it enhances opportuni-
ties for virality and cutting through the noise of a broadly
decentralized world.

The power and convenience of social media comes
with additional risks, but they should be manageable.
While there is a growing list of individuals who have
had their lives altered and careers destroyed through ill-
considered social media contributions [45], these indi-
viduals have, by and large, been the means of their
own downfall. Social media platforms merely create a
new public square, with some unique features. The ba-
sic skills required for successfully navigating life in
public, such as mindfulness about how one comports
oneself and a commitment to civility, are the same skills
needed for success with social media. In other words,

we have always had people who have courted trouble
by behaving badly in public. Training can help clarify
features and limits, but social media essentially requires
importing old skills into a new arena.

Scientists and their institutions are obligated to en-
sure that there is robust participation in outreach and
engagement, and social media-based tools ought to be
included among the resources accessed in order to dis-
charge these duties.

Outreach and engagement are different and important
types of public participation. Outreach and engagement
can helpfully be envisioned along a spectrum ranging
from broadcasting out information to actively participat-
ing in conversations. Most scientists agree that these
activities are important, and almost all participate in
some form of these activities, if only occasionally.
Along with other scientists, stem cell scientists and their
institutions have an obligation to ensure that work in
their particular areas proceeds in parallel with robust
outreach and engagement efforts. There are many paths
towards effective outreach and engagement. Social
media-based tools can be particularly valuable for
discharging these duties. Risks and challenges associat-
ed with outreach and engagement activities are present
and manageable.
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