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ABSTRACT
Public engagement and responsible innovation are strongly
emphasised in gene drive research, together with the goal of
addressing societal challenges, notably, malaria and
environmental conservation. We aim to explore whether public
engagement is used to ‘open up’ or ‘close down’ opportunities to
shape gene drive research. Drawing on interviews with gene
drive developers and stakeholders, we investigate how the public
communication of gene drive is conceived. We find that
traditional closing-down tendencies remain, but that there are
new and encouraging opening-up approaches. Consistent with
responsible innovation thinking, these frame gene drive as
multifaceted, context-dependent and requiring deeper
deliberation. We also identify a third ‘leaving ajar’ approach that
seeks to engage with and respond to local communities and
modify technological applications to be more acceptable.
Innovation system constraints may well temper current
aspirations to open up; framing public conversations around
understandings of public good could offer a way forward.
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Introduction

Gene drive is emerging as a field of new technological possibilities with a strong emphasis
on public engagement (Ledingham and Hartley 2021). However, previous experience
shows that examples of public engagement and deliberation playing a substantive role
in the responsible development and governance of new technologies, remain elusive.
This raises the question of whether gene drive is just a continuation of this trend, and
therefore similarly problematic, or if there is something genuinely different about
public engagement in this novel context. We aim to explore this question via empirical
research investigating strategies used to communicate and engage with publics around
gene drive.
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Interest in consulting with publics and stakeholders has characterised the field of gene
drive since its inception, even as scientists first began to identify potential technological
applications of their research (e.g. Benedict et al. 2008; Marshall and Taylor 2009;
Adelman et al. 2017; Min et al. 2017). As these applications gathered momentum, an
influential report by the National Academies of Sciences, Engineering, and Medicine
(NASEM 2016) suggested that the outcomes of engagement may be as crucial as scientific
outcomes to the development of gene drive. Engagement with local communities in
regions where field trials are envisaged is now an established part of gene drive research
(e.g. Hartley et al. 2019). In this paper, we examine if such developments represent an
‘opening up’ of public communication of gene drive to the type of wide-ranging appraisal
of issues that scholars of responsible innovation and public engagement have been calling
for (Stirling 2008). In the words of Stirling and colleagues (Stirling, Hayes, and Delborne
2018, 44), is gene drive open to questions of “‘which way?’, ‘who says?’ and ‘why?’”?

Drawing on empirical and normative analysis, public engagement scholars have
shown why engagement processes must allow for an ‘opening up’ of the problem at
stake and of solutions offered by emerging technologies (Marris and Rose 2010; Stirling
2008; Stirling, Hayes, and Delborne 2018). Openness is important for both democratic
reasons (people being able to shape matters that affect them) and epistemic reasons
(people being able to contribute knowledge that is required to make better decisions
about research and its governance) (Stirling, Hayes, and Delborne 2018). When emerging
technologies claim to address grand societal challenges, it should be possible to scrutinise
how problems and solutions are framed, and consider alternative solutions and different
possible pathways for science (Nuffield Council of Bioethics 2012). Processes of public
communication and engagement must make this kind of open scrutiny possible.

However, research shows that, in practice, engagement processes are often structured
in ways that ‘close down’ questions about the wider context of emerging technologies,
and get locked into a narrow orientation towards public acceptance of a pre-determined
technological pathway (Delgado, Kjølberg, and Wickson 2011; Marks and Russell 2015;
Mohr and Raman 2012; Wynne 2006). What we know less about, however, is whether
and how centering public engagement around specific applications to ‘grand societal
challenges’ makes a difference to this pattern, particularly when applications are
rooted in a non-profit ‘public good’ ethos. Brooks and colleagues’ (2009) work on biofor-
tification for malnutrition, suggests that despite their morally compelling goals, such
technological promises still need to be scrutinised with the opportunity to consider
different possible pathways. The specific aim of this paper is therefore to explore how
potential gene drive applications – e.g. those targeting malaria eradication or invasive
species control for conservation – are being used in public communication. We ask if
such applications foster such an opening up of issues to be discussed, or indeed, if strat-
egies for communication follow the familiar tendency to ‘close down’.

The capacity of research on emerging technologies to promote public good is shaped
in part by the public communication of science (Roberson, Leach, and Raman 2021).
How research aspirations and agendas are communicated is critical for making it possible
to ‘open up’ issues that need discussion (see also Grunwald 2017). Hence, we focus our
empirical work on gene drive stakeholder understandings of the nature and purpose of
communicating with publics and, in particular, their use of applications to structure their
public communication and to achieve their communication goals. To date, although
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there is a considerable body of work by social scientists including papers co-authored
with gene drive scientists (e.g. Backus and Delborne 2019; Hartley et al. 2019; Ledingham
and Hartley 2021; Schairer et al. 2019; Kokotovich et al. 2020; Special Issue of JRI 2018 on
‘Roadmap to Gene Drive’), research into how members (‘stakeholders’) of this multidis-
ciplinary community think about the goals and strategies of public engagement is
lacking. While the research and practice of public engagement on gene drive are becom-
ing established (e.g. Hartley et al. 2019; Schairer et al. 2019), there is little empirical work
on how those involved in engaging with publics understand and communicate about
gene drive issues. We fill this gap through qualitative interviews with key stakeholders
drawn from across the gene drive domain to include: gene drive scientists and develo-
pers; communicators; social scientists and ethicists; and representatives of civil society/
non-government organisations (NGOs).

The paper is structured as follows. First, we elaborate on the reasons why gene drive is
worth considering as a potential departure from the familiar narrowing of public engage-
ment around emerging technologies. We then turn to details of our research methods
before going on to present the results from interviews. We explore the contribution of
these findings to social science research on public engagement, responsible innovation
and gene drive in the Discussion before concluding with reflections on the implications
for the future of gene drive.

Could gene drive be open to ‘opening up’ public engagement?

There are good reasons to ask if gene drive marks a departure from conventionally closed
engagement strategies oriented towards (premature) public acceptance of a pre-given
technological solution to a societal challenge. We outline four before considering
reasons for caution.

First, gene drive research is emerging at a time of wider interest in responsible inno-
vation (Stilgoe, Owen, and Macnaghten 2013a). Since the late 1990s, science policy insti-
tutions have promoted public engagement as a solution to high-profile instances of
controversy and opposition (Irwin 2006; Nerlich et al. 2018). Genetically modified
(GM) organisms have featured heavily in this evolution, with subsequent research
efforts in nanotechnology attending to engagement under the rubric of learning
lessons from the biotechnology experience (Kearnes et al. 2006; Barben et al. 2008).
Responsible innovation has since been institutionalised as a strand of work within
research centres devoted to synthetic biology, notably in the UK (Balmer et al. 2015;
Pansera et al. 2020). Given this wide experience in initiatives to ‘make science public’
(Nerlich et al. 2018), it is not unreasonable to expect that scientists and science organis-
ations might be starting to take a more open view of science/public engagement beyond
simple acceptance.

Second, ethics and public engagement in gene drive do not appear to be marginal
issues relegated to social scientists as in previous cases (Viseu 2015). Social scientists
are playing significant roles as collaborators and/or interlocutors in the gene drive com-
munity (e.g. see Delborne, Kokotovich, and Lunshof 2020; Hartley et al. 2019; Long et al.
2020). The recent ‘Roadmap to Gene Drive’ special issue of the Journal of Responsible
Innovation demonstrates that broad-ranging conversations are happening between bio-
physical and social scientists well-versed in the case for ‘opening up’. For example, one
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scientist argues that gene drive can transform the scientific enterprise altogether by
embedding open assessment of early-stage ideas prior to experiments, and redesigning
proposed interventions based on feedback (Esvelt 2016).

Third, the very nature of gene drive and its potential applications beyond the labora-
tory is provoking new ways of thinking about engagement, at least on the part of some in
the gene drive community. As Evans and Palmer (2018) have shown, the Committee on
Gene Drive Research informing the landmark National Academies report (NASEM
2016) underlined intentional spread and potential irreversibility of environmental
effects as attributes distinctive to gene drive. Similarly, in the journal literature, one
team describes gene drive as an ecological tool or ‘ecotechnology’ (Najjar et al. 2017),
raising the prospect that communities will reject it for this reason, while also calling
attention to the unique knowledge that they can contribute to design and responsible
governance. The more novel notion of public engagement as ‘knowledge engagement’
(Hartley et al. 2019) therefore features together with familiar goals of public acceptance
in this work (Ledingham and Hartley 2021). Anticipation of complexity, a need to
examine assumptions of safety and controllability of gene drives, and acknowledgement
of ecological uncertainty arising from the prospect of escape and boundary-crossing are
being openly discussed (e.g. Baltzegar et al. 2017; Backus and Delborne 2019). In sum,
there is a sense in some of the literature authored by scientists that public engagement
is needed not only to manage the risk of resistance to deployment, but also to collectively
figure out ways for the technology to work.

Fourth, gene drive science has come to be defined in terms of grand challenge appli-
cations (e.g. Min et al. 2017) in ways that are somewhat unique. The focus on application
to malaria so dominates the discussion of gene drive that it is difficult to find explanations
or images of the concept that do not feature mosquitoes. While other emerging technol-
ogy fields have highlighted particular applications in response to key challenges in food
or energy futures (e.g. bio: nitrogen-fixing wheat for food security; nano: batteries for
renewable energy), these have tended to play a promissory role, exemplifying a diverse
array of possibilities following from a ‘new’ field of science (Doubleday 2007; Petersen
and Krisjansen 2015). By contrast, gene drive science more directly focuses on develop-
ing proof-of-concept for specific challenges such as malarial control and invasive species
control in the here-and-now. In most prior cases of emerging science, future applications
were expected to be delivered through commercial mechanisms. Gene drive, by contrast,
has been associated with ‘public good science’, with innovation configurations such as
public-private partnerships and philanthropy-funded non-profits featuring strongly.
By avoiding controversies over commercial conflicts of interest that plagued previous
generations of GM, it is possible that gene drive is more able to promote deliberation
of issues that need public discussion from an open standpoint.

In sum, these observations raise the possibility that commitment to public engage-
ment and the focus on public good applications may constitute a distinctively open
stance in gene drive development. Nonetheless, there are reasons to give us pause.
First, concerns about commercial interests are not entirely irrelevant. The prospect of
profit-making uses arises most notably in the context of applications of gene drive to
agricultural pest control (Scott et al. 2018; Meghani and Boete 2018). NGO critics
argue that gene drive for malaria is a ‘Trojan horse’ – a glittering disguise used to
smuggle in subsequent for-profit applications (Mentz-Lagrange and Sirinathsinghji

4 A. W. RUSSELL ET AL.



2020). Second, social science research provides a note of caution as there is evidence in
gene drive of public engagement being translated into a narrow public acceptance model
of seeking ‘social licence’ for a pre-given technological application (Delborne, Kokoto-
vich, and Lunshof 2020), although the authors go on to identify counter-examples that
signal more optimism. Ledingham and Hartley (2021) similarly note that ambitions
for new forms of engagement in gene drive research often ‘slip’ back to reductive fram-
ings which close down the range of voices and issues to be heard. For these reasons, we
propose to investigate public engagement around gene drive in more depth.

Research questions and methods

We conducted 30 qualitative interviews with stakeholders in the UK, US and Australia,
all countries with prominent research projects in gene drive. Permission to carry out
this work was granted by the Research Ethics Committee at the University of Exeter
Business School. We used a purposive sampling strategy to recruit different types of
participants, such as gene drive developers/life scientists, social scientists, ethicists,
journalists/broadcasters, science communicators, as well as members of NGOs and
industry. It should be noted that not all stakeholders were necessarily engaged in
public communication around gene drive to the same extent; this could be partly
due to differences between the three countries in terms of progress on gene drive
applications.

The interviews followed a structured script, but also allowed additional and clarifying
questions, and provided participants with an opportunity to discuss issues they deemed
important. The interviews lasted 30–60 minutes, and were conducted using video-con-
ferencing platforms (Zoom, Microsoft Teams and Skype). The interviews were digitally
recorded, transcribed by a professional transcriber and anonymised. We then analysed
the data to explore how various stakeholders talk about the use of gene drive applications
in engagement, and to see if and how they display tendencies to close down or allow an
opening up of issues.

The primary focus of the interviews was on strategies used by stakeholders to commu-
nicate with non-science audiences about gene drive. This was informed by the aim of the
project which was developed in response to the Wellcome Trust funding call for research
on communicating science in the case of gene drive. However, as is common in qualitat-
ive research, we were alert to the emergence of other relevant themes in the interviews
and followed them up as appropriate. In this paper, we focus on interviewees’ references
to public engagement, or their discussion of the kind of two-way communication that
typifies engagement. Given that interview questions did not explicitly ask about engage-
ment or applications, references to public engagement and specific applications that
emerged in interviews were thus relatively unsolicited and therefore interesting in
their own right. We believe these references, which were numerous across stakeholder
types, reflect our observations above about the importance of public engagement and
the focus on applications as a communication strategy. We analysed these references
to gain further insights into this strategy, drawing on the following research questions
to shape the data analysis discussed in this paper. How are people using applications in
their communication, particularly in relation to engagement? Are applications being
used to close down or open up public deliberation about gene drive? During our analysis,
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we also became interested in the question: What is the relationship between applications,
public engagement approaches and innovation contexts?

Interview transcripts were coded using Dedoose (version 7), using the codes appli-
cations, goals and decisions to explore references to applications in interviewees’ com-
munication about gene drive, and how these references connected with goals and
decisions. Transcripts were also analysed for the code GM because they were explicitly
asked about the connection between gene drive and GM (genetic modification) com-
munication, and because this connection appeared to underpin their use of applications.
Extracts were then exported to tables for each code and themed according to whether
they reflected closed or open communication. A third pragmatic category, which we
titled ‘leaving ajar’ and which we explore in more detail in the next section, emerged
from this analysis.

Approaches to using applications in gene drive communication

Our data reveals three high-level approaches that characterise different ways in which
applications are used in gene drive communication: closing down, opening up and an
intermediate, pragmatic category we call ‘leaving ajar’. We explore each of these
approaches using illustrative interview quotes.

Closing down

In line with an earlier generation of public engagement around emerging technologies,
our data suggest that some developers and communicators engage primarily to convince
the public about the promise of gene drive, and to gain public acceptance and trust for
getting experiments through to trials and application. In this section, we examine evi-
dence from interviews of this ‘closing down’ model of public communication. The
promise of novel applications to solve grand challenges in global health features
heavily, offering a morally compelling rationale for gene drive. Linked to this is a
sense of needing to distance public communication around gene drive from associations
with GMOs and GM agriculture in particular.

Developers and communicators made explicit reference to (others) using the appli-
cation of gene drive in control of malaria to ‘sell’ gene drive technology. For example:

…mosquitoes are the poster boy, if you like, of the gene drives, at this stage. Mosquitoes are
bad, that’s what people are using to sell it… . (Aus developer)

References to global health applications were accompanied by a reminder of the costs of
not acting and gene drive advocates appealed explicitly to this moral argument for gene
drive research:

So that’s [malaria mosquitoes] the best application and the easiest to justify, in my
view, because there aren’t obvious alternatives and the need is still so pressing. (UK
developer)

… in the course of this conversation that we’ve been having malaria has killed approximately
30 children under the age of five and no one with a heart can think about that and then think
about how their mothers must be feeling right now and not want to do something about it.
(US developer)
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Some participants suggested that a focus on global health can help make gene drive more
publicly acceptable, whereas applications in agriculture and food are anticipated to be
more contentious:

Maybe when it comes to agricultural uses this is probably not being discussed as much,
because I think that wouldn’t immediately draw the same level of support in something
like malaria. So I think almost always malaria is there as sort of a headline case. (UK
developer)

Some (though by no means all) NGOs expressed concern about how the promise of gene
drive applications has been used in public communication.

… a lot of what is happening in the debate is highly manipulative in terms of getting the minds
to try to only see the benefits and to not see the risks and the negative impacts… ’It’s to era-
dicate malaria’ – the mind has already been sent down a certain route. (UK NGO)

The focus on a specific challenge to make a compelling case for gene drive can close down
options for public debate by presenting gene drive as the best or only solution. In this
respect, gene drive communication shows some similarities with the earlier history of
public communication about emerging biotechnologies where the focus on a specific
pathway obscured attention to uncertainties and alternative options (Stirling 2008;
Nuffield Council on Bioethics 2012).

Such ‘closing down’ strategies (emphasising the severity and urgency of the problem, pre-
senting gene drive as the best solution, avoiding more contentious applications) are under-
pinned by lessons learned from public opposition to GM crops. Many participants, from all
countries and a range of interviewee types, referred to the public’s dislike of GM and some,
again from all countries and a range of types, suggested that this is based on ignorance of the
costs and benefits, low scientific literacy, and/or lack of trust in expert opinion:

the public just is not very scientifically literate… it just gets conflated because the general
public, it just doesn’t know enough about the technology and so it all kind of blends into
one thing. (US communicator)

… there seems to be a general distrust or not really respecting the expert opinion… . (Aus
developer)

Some UK participants felt that GM has too much ‘baggage’ and should be avoided in gene
drive communication:

I try not to use the term ‘genetically modified’ as much as possible. (UK developer)

But in our project, we try never to use the word GMO. (UK communicator)

Overall, using applications to close down gene drive research trajectories was especially
evident in relation to malaria control technologies, and in particular, amongst developers
and communicators in the UK and the US. However, our data suggests that other
approaches to public communication are also evident.

Opening up (and out)

Our data also suggests evidence of an ‘opening up’ approach towards public communi-
cation about gene drive, where talk of applications might be associated with more open
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discussions. In this approach, gene drive is seen as multifaceted, with some developers
and communicators seeking to engage on a broader range of issues than anticipated
benefits or risks alone. Social scientists are, unsurprisingly, part of these efforts to
‘open up’ discussion of gene drive, but they are by no means the only stakeholder type
represented here. We find evidence of a spectrum of stakeholders including developers
and communicators taking an open stance, particularly in the context of gene drive appli-
cations for conservation. We also see examples of what we call an ‘opening out’, i.e. an
interest in looking beyond the technology per se, and considering bigger questions
such as whether the technology should be developed at all. Many of the quotes that
follow illustrate a willingness to engage in contextual discussions of the application of
gene drive on a case-by-case basis.

For example, one participant noted that people might reasonably make different judg-
ments about deployment depending on various conditions:

So there’s a lot of different dimensions that will make each organism very different from the
next and whether it’s acceptable, desirable, viable could be a completely different answer for
one and the next… . (US communicator)

By contrast with the ‘closing down’ approach, we see in our data some evidence of an
open approach focusing on engagement with publics not simply to gain their acceptance,
but to genuinely ask whether the technology should be used for the particular problem:

Then there is a broader public engagement or a stakeholder engagement issue… …whereas
they [the public] might have a need to be addressed and then they need to be agreeable that
this is a good approach to be taking. (UK developer)

Have the communication around it [gene drive] before there’s any pressure on whether we
do or don’t [use it]. (Aus industry)

From the community perspective it might go either way. They might say we want it, they
might say we don’t want it but at least they have chosen something that applies to them.
(US communicator)

The point raised by the Australian industry stakeholder above suggests an acknowledge-
ment of the need to engage early in the process before momentum builds around a tech-
nology. In this open approach, which is more evident in the case of applications for
conservation, gene drive is just one possibility among a range of alternative solutions:

Certainly in Australia we have a large invasive pest problem, many species are damaging the
environment, so CSIRO has a large group of people working on invasive pest management
and they can see gene drive as being potentially one of the technologies that will be useful.
(Aus developer)

Another developer suggested that the very development of a gene drive for conservation
is likely to depend on how communities react.

…we’re doing public engagement with communities to make sure that they will support us
in terms of releasing into their area and it’s just one of all of the different factors that we’re
collecting data on which will inform our final decision as to whether we even bother to
develop a drive, or where we will develop that drive or how. (Aus developer)

While gene drive research has been many years in the making, some scientists are
beginning to see public engagement as a productive part of ongoing scientific activity
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in which the viability of specific technological applications is being explored. In prin-
ciple, early engagement may have a chance to influence outcomes before precious
time and resources become ‘locked-into’ a particular technology in a particular
setting. The following quote illuminates this point and suggests that while building
public trust may still be part of an open approach to communication, trust is seen as
an outcome of open engagement rather than a strategy to build support for a pre-
given technology.

We’re talking to the public about gene drives before we’ve developed the technology and
we’ve never done that before so we can talk to the public without an immediate perception
from them that we have a vested interest… .. it’s just a learning process that we’ve had from
doing it badly, whatever technology it is, doing the public engagement poorly in the past…
it’s making the public conversations much easier because I can go in and say ‘I’m not con-
vinced yet’, and in complete honesty I can go in and say that and I say, ‘And I don’t have a
technology yet’. (Aus developer)

Some participants saw conservation applications as being ideal for opening out discus-
sion of gene drive as publics are culturally attuned to both the history of havoc caused
by invasive species and the potential for new environmental interventions (like gene
drive) to go wrong:

I do think this history, with the introduction of rabbits and… then the introduction of the
Calici virus [a rabbit virus introduced to control pest rabbits] and so on and so on… it gives
something that the average person in the street in Australia is highly familiar with to be able
to structure an explanation [about gene drive]. (Aus social scientist)

The open approach to the use of applications for communication also echoed more open
views on GM debates. A broad range of stakeholders offered more complex understand-
ing of and respect for diverse public perceptions of GM. Some drew on their own or
others’ research on public reactions to GM, or made insightful comparisons between
the GM debate and discussion of gene drive, for example:

I would not be surprised if gene drive became the lightning rod for these issues about the
loss around nature, in the same way that the early GM discussion was a lightning rod for
discussions about the commercialisation and internationalisation of the food chain. (UK
policy maker)

Some NGOs who were not themselves critical of gene drive per se, noted reasons why the
public might reasonably understand the mode of intervening in nature very differently
from biophysical scientists, and why their views would need to be given some weight.

So obviously other people have other concerns and some of them are huge. So people have
philosophical concerns about whether it’s appropriate to be messing around in the genetics
of other species…One has to really respect, I think, other people’s philosophical and spiri-
tual beliefs. (US NGO)

Some developers put forward the possibility that publics would (or should) bemore con-
cerned about gene drive because of its function in spreading through populations and its
potential irreversibility:

So my attitude is always, look, GMOs and plants have been very successful, very safe, they’ve
certainly decreased chemical inputs in a lot of situations, there are many environmental
benefits that have flown from those, that have come from those and not much evidence
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for harm… but then I also say, look, with gene drives,… you have to be more cautious
‘cause you are releasing something that may be difficult to call back. (Aus developer)

One social scientist called for recognising the historical context of gene drive to learn
about how to better communicate and open up the debate:

… it’s useful to place this particular technology in the broader history of biotechnology, so
that we understand where the technology comes from, we understand its limitations, how it
builds on existing forms of technical practice… I think it’s useful to have a historical per-
spective so that you understand what are the things that take place over time and what
are the things that don’t happen so easily, and hopefully the debate can evolve. (UK
social scientist)

These more sophisticated and open understandings of the GM debates came from all
three countries, but somewhat more from Australia. As expected, such views of GM
came more from social scientists and NGOs than from gene drive developers. In general,
communicators seemed to share similar views to developers (some of these interviewees
worked for developers’ organisations). In sum, our data shows evidence of opening-up
thinking as well as the closing-down discussed earlier. However, we find that these two
polar opposites donot fully capture possible stances to public communicationof gene drive.

Leaving ajar

We find evidence for a third position that we call ‘leaving ajar’, where communication
about gene drive applications is responsive to public views, but with a pragmatic focus
on creating the conditions that might allow the technology to be successfully deployed.
In this approach, participants used applications to emphasise problems and problem
contexts. In common with the ‘closing down’ strategy of communication, this approach
was similarly oriented towards public acceptance of gene drive by attending to its uses
and benefits. However, by contrast with the tendency to close down, there was acknowl-
edgement of the need to engage with communities about problems rather than merely
seeking their responses to the technology, thus demonstrating similarities with an
opening-up stance. Indeed, some stakeholders expressed both types of views, i.e.
leaving ajar the question of how gene drive is to be developed while also remaining
open to the possibility of bypassing the technology altogether depending on the outcomes
of public engagement. In this respect, communication strategies were shaped in part by
what gene drive developers or communicators discovered about community priorities
early in the process of engagement.

Participants sought to engage with publics on the problem at stake and put forward a
case for gene drive solutions in this context:

… trying to communicate not so much the solution but the problem is important, trying to
get people to understand why we’re doing things, why scientists are working on gene drives.
(Aus developer)

The leaving ajar approach to communication was also influenced by experiences with the
GM debate, but in a more nuanced way than seen in a closing down stance. Some empha-
sised the need to be open about the connection between gene drive and GM, regardless of
the negative associations:
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So while I don’t necessarily feel it’s something we need to dwell on and emphasise in our
communications, I think to say that it’s not genetically modifying individuals is a huge
mistake because that’s fundamentally inaccurate… . (Aus NGO)

… unless you make that link, you’re not explaining it properly, so the idea that you can talk
about gene drives without talking about GM,… I think that’s not helpful. (UK public agency
representative)

Some also emphasised the non-profit nature of gene drive applications, often contrasting
these with previous GM applications in agriculture, and anticipating that this might work
in favour of the technology:

The for-profit thing is huge, right.… there’s a number of different social science studies that
show that people just trust biotech less if it’s developed by a big for-profit corporation rela-
tive to a non-profit. (US developer)

The non-profit, ‘public good’ aspect was understood by some to be intrinsic to how gene
drive works:

… [we] try and explain why we’re doing it, what the applied outcome of the work ultimately
might be. I think that’s probably made a bit easier in the gene drive space, because most of
the work and most of the application of gene drive seems to be more in the public good kind
of space… It’s hard to imagine a commercial scenario that would make a company like
Bayer, for example, really invest in gene drive. (Aus developer)

So while the focus is on factors that influence public acceptance of gene drive, this approach
reflects much more than an attempt to ‘sell’ the technology. Rather, public communication
is oriented towards securing a social licence or public consent, including in some cases,
through activities to build the capacity of publics to make informed decisions:

… in villages where we work, we’re starting to do some work with the schools, not yet on
gene drive, but we’re starting with malaria and mosquitoes, with the idea of bringing the
idea of gene drive in the schools through educational material, for them to learn what it
is so they can make a decision. (UK communicator)

This approach reflects an aspiration to respond to public input, both in communication
and in technology development, particularly at local levels:

… it’s not just about going around and getting people to check and sign off on the box that
says, yes, you may do this. But it’s an engagement; whole communities have to be able to feel
comfortable that their views have really been incorporated and are reflected in the values of
the technology moving forward. I mean that communication piece is a big part of that but
it’s a two-way communication, it’s not just putting together the best possible description so
that people can best understand it, it’s also listening to what people’s concerns might be and
how to incorporate those. (US social scientist)

For some, this focus on social licence and local engagement was associated with a view
towards limiting broadly universalist arguments, for example, critiques of gene drive
coming from Western countries that do not directly experience malaria.

My biggest concern is that quite frankly malaria is the prime case to go first to and that we
have a lot of people who are weighing into the conversation with very strong opinions, not a
lot of information, but very strong opinions who have never suffered from malaria, will
never suffer from it and so who are influencing the conversation in which direction they
want to direct states, and that I find is wrong… . (US communicator)
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In sum, the leaving-ajar approach can be distinguished from an opening-up or opening-
out stance – where the desirability of using gene drive in a specific context is open to
debate – by a fundamental orientation towards deployment. However, it differs from
closing-down approaches by the shift in focus from persuading the public to accept
the technology, to making the technology more acceptable in response to public con-
cerns, or in some cases, to creating ways for publics to make informed decisions.

Discussion

This paper set out to examine how potential applications of gene drive are being used to
communicate and engage with publics and communities. We aimed to shed light on
whether and how the appeal to gene drive applications – such as those targeting
malaria or environmental conservation – led to a ‘closing down’ of public engagement
familiar from previous examples of emerging technologies, or indeed, if they made poss-
ible an ‘opening up’ of a complex set of issues for appraisal and deliberation (Stirling
2008).

Given early acknowledgement of the need to engage publics, the rise of substantive
collaborations between science and social science, and the aspirations of some scientists
to change their practices in response to public input, there were good reasons to expect
that gene drive could mark a departure from the closed engagement strategies of previous
emerging technologies. The focus on ‘public good’ applications might also negate con-
cerns about commercial interests which dogged earlier generations of GMOs.
However, previous social science work on gene drive and on other cases of morally com-
pelling, public good science provided a note of caution, hence motivating the need for
empirical work.

While our results indicate a spectrum of tendencies in the use of applications to com-
municate with publics about gene drive including the familiar ‘closing down’ approach,
we see developers and other stakeholders speaking in ways that potentially resonate with
core ideas of responsible innovation. So while there is language of strategically distancing
from links to GMOs and using the prospect of eradicating malaria as an instrument to
gain community acceptance, there is considerable evidence of more reflective approaches
to public communication. Notably, we find acknowledgement of the value of opening up
and ‘opening out’, as well as of a pragmatic ‘leaving ajar’ the precise nature of gene drive
futures.

An opening up/out is most prominent in Australia in relation to applications of gene
drive to conservation goals, particularly the control of (invasive) species introduced by
European settlement, but we find similar examples from other countries. This open
stance is marked by a potential willingness to engage with different perspectives, to be
transparent about links to prior generations of GMOs, to engage about novel character-
istics of gene drives and their implications, to acknowledge that gene drive may be only
one possible solution, and to countenance modifying the science or, indeed, abandoning
gene drive altogether. By contrast, the pragmatic stance that we have described as ‘leaving
ajar’ reflects an aspiration to make gene drive work on the ground. However, this is
grounded in an active commitment to community acceptability of the technology as
opposed to passive public acceptance of a pre-given option. In this case, making gene
drive work means attending to community feedback, modifying interventions in
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response to concerns, and trying to be transparent about potentially tricky issues such as
the connection with GM. Where the opening up/out ethos potentially reflects the expan-
sive philosophical orientation of responsible innovation as a collective reckoning with the
purposes and direction of innovation (Owen et al. 2013), a leaving ajar stance is closer to
a practice-oriented philosophy of responsible innovation as a concrete mode of co-
designing ways to make a technology work for a specific public.

Table 1 captures these different registers of public communication around gene drive in
terms of their implicit goals and strategies (Table 1). The aim of a ‘pure’ closing-down
approach is to ‘sell’ a technological application of gene drive and to configure a supportive
public through strategies such as using morally compelling stories and avoiding ‘uncom-
fortable knowledge’ (Rayner 2012) such as links with contentious GMOs. The second
stance is, in principle, more open towards such questions as whether or not the technology
should be developed or the role of gene drive vis-à-vis other pathways of responding to
grand challenges. By contrast, the pragmatic goal of ‘leaving ajar’ is to make gene drive
interventions acceptable by addressing public views, building public capacity for
making informed decisions and thereby earning social licence for deployment.

While the Table captures these differences in ideal-typical fashion, in practice, the
three approaches should be understood as representing different tendencies that can
co-exist and evolve. For example, some stakeholders may be open to approaching gene
drive from various perspectives, but it is possible that an underlying commitment to
deployment remains. Alternatively, a closed stance could evolve over time into a more
open one and a pragmatic stance could likewise co-exist with a more closed approach.
We found allegiance to all three approaches across countries and interviewee types, as
well as amongst individual interviewees.

In the rest of this section, we elaborate on what these findings contribute to the fields of
responsible innovation, public engagement, and social science research on gene drive. First,
we observe an evolution of stakeholder attitudes and expectations about public engagement
beyond the polar opposites of ‘opening up’ and ‘closing down’ (Stirling 2008). This evol-
ution is likely a result of public engagement having become an established field of practice

Table 1. Why and how stakeholders use applications to communicate and engage with different
publics.

Closing down Opening up Leaving ajar

Implicit Goal
(why)

. Sell GD technology

. Build public acceptance

. ‘Prime’ publics for GD
release

. Explore GD

. Seek public input to decision
making

. Deliberate about GD as a solution

. Make GD acceptable

. Seek social licence

. Respond to public
concerns

Strategy
(How)

. Emphasise the severity and
urgency of the challenge

. Present GD as the best
solution

. Tell morally compelling
stories

. Disassociate with GM &
contentious applications

. Engage early

. Discuss pros and cons and context,
case by case

. Go beyond risk, consider broader
issues

. Learn from the GM debate,
understand and respect diverse
public reactions

. Be open to not using GD

. Engage early

. Attend to local
communities and their
needs

. Focus on problems

. Compare GD with
alternative solutions

. Re-frame the GM debate

. Emphasise non-profit,
public good applications
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around emerging technologies. In the case of gene drive, our findings suggest that some
gene drive developers are recognising that it is not enough to focus on persuading
publics to accept their technology; they must rather listen to publics, respond to their con-
cerns and adapt their technology to be more acceptable. In this way, a pragmatic (‘leaving
ajar’) approach to engagement can, in principle, lead to innovation in a specific technology
domain that responds to public values (as proposed by Fisher 2018), although how such
engagements actually unfold in practice is a matter for further inquiry.

Second, some public communication may be underpinned by the notion of seeking
‘social licence’ for gene drive, but it is not obvious that the concept necessarily
signifies a commitment to secure acceptance of a pre-determined option as Delborne
and colleagues argue (Delborne, Kokotovich, and Lunshof 2020). The term social
licence does indeed emerge from the world of mining where it has a narrow meaning,
however, this may become modified over time (Dare, Schirmer, and Vanclay 2014)
including, for example, in ways signalling responsible innovation aspirations (e.g.
Raman and Mohr 2014). In this respect, we do not believe that social licence and respon-
sible innovation are intrinsically opposed. ‘Responsible innovation’ is also prone to
narrow interpretation (e.g. Hartley, Pearce, and Taylor 2017; Ashworth et al. 2019), so
much depends on how these terminologies evolve and if they can be redefined in particu-
lar circumstances to incorporate broader aspirations. In the case of gene drive, our
findings suggest that terms such as social licence may co-exist with a willingness to coun-
tenance modifying the design of technologies based on wider input.

Third, evidence of some effort, particularly around conservation applications in Aus-
tralia, to reflect more openly on how gene drive connects with the spirit of ‘broadening
out’ of technology assessment (Ely, Van Zwanenberg, and Stirling 2014) and responsible
innovation called for in the literature (e.g. Stilgoe, Owen, and Macnaghten 2013a; Stir-
ling, Hayes, and Delborne 2018; see also Wodak 2020). Unusually for emerging technol-
ogy communication, some developers are musing on questions that potentially signal a
capacity to open ‘up’ gene drive and open ‘out’ from this technological possibility to a
broader range of issues. What is the role of gene drive amongst several possible solutions
to a grand challenge? Should it be developed at all if there isn’t sufficient public backing?
In Australia, talking with publics early on, when application trajectories had not been
settled, was thought to be valuable. This is despite the fact that upstream engagement
is less institutionalised in Australia by comparison with the UK. The emergence of
such an aspiration around gene drive may instead be a result of a wider ethos of commu-
nity engagement around environmental problems and the now-established commitment
to integrating social scientists – who have been making the case for public engagement –
into emerging technology research in Australia (Carter and Mankad 2021). Cultural
awareness of biosecurity issues is also stronger in Australia compared with the UK; it
is widely acknowledged that British settlement of the continent resulted in the importa-
tion of novel organisms that severely damaged native ecosystems and that continue to
pose a threat to agriculture. More speculatively, the eco-technological nature of gene
drive (Najjar et al. 2017) may also be prompting an aspiration to open up, though
again, we cannot be sure if and how such commitments will translate into practice or,
indeed, if new pressures to close down emerge.

Fourth, the legacy of GM controversies is evident in how the gene drive commu-
nity – across all stakeholder types and stances – is approaching public
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communication. There remains a distinct strand of thinking amongst developers and
communicators that any association with GM must be quashed in explaining gene
drive to the public. However, the emergence of more sophisticated positions is a posi-
tive sign for discussions that could open up the broader anticipatory ethos envisaged
in responsible innovation (Guston 2008; Stilgoe, Owen, and Macnaghten 2013a).
Thus, responses to GM are a classic example of the spectrum of communication strat-
egies from closing-down to opening-up. The choice of strategy seems to be strongly
influenced by regional differences in public reactions to GM. Optimistically, these
differences may connect to some acknowledgement, seen in our data, that the
merits of gene drive might vary according to context, and (in a refreshing departure
from standard deficit model framing) that publics are entitled to reach their own con-
clusions based on a variety of criteria. In principle, this turn to context could also be
made compatible with arguments put forward to promote a ‘slow race’ (Leach and
Scoones 2006) that would allow science and technology to work for marginalised com-
munities in the global South, but this would require strong partnerships and an ability
to consider gene drive in the context of different innovation pathways for grand chal-
lenges such as malarial vector control (Bartumeus et al. 2019).

Finally, our findings suggest that depending on how the sentiments expressed in our
interviews play out in engagement on the ground, an application focus can enable mean-
ingful, contextualised discussion of new technologies. Applications can allow engage-
ment to go beyond abstract, high-level promises or reactions to a new technology, by
exploring the implications of the technology in a particular socio-political context, and
potentially also allowing a broader focus on multiple pathways (Doubleday 2007; Stirling,
Hayes, and Delborne 2018). Evidence so far on gene drive suggests that at least some
developers are approaching engagement differently from the top-down history of biofor-
tification for malnutrition (Brooks et al. 2009). A focus on applications can show gene
drive as having different sides – e.g. risks, benefits, but also uncertainties – and
context-specificity, and potentially lead to more contextual, case-by-case discussions of
the application of scientific insights.

Overall, these developments reflect the possibility that public engagement might
have a meaningful impact on gene drive science, with research being responsive
in some of the ways outlined in responsible innovation thinking (e.g. Delborne,
Kokotovich, and Lunshof 2020). However, much will depend on how the field con-
tinues to evolve, and the extent to which voices for ‘opening up’ gene drive com-
munication in inclusive ways (e.g. Cheung et al. 2020; Taitingfong 2020) coalesce
and have impact. We have identified tendencies and possibilities based on promising
lines of thinking amongst gene drive developers, but how such instincts to ‘open up’
are carried forward in practice in engagement processes and beyond remains an
open question.

Conclusion

We aimed to explore whether gene drive stakeholders were open to – and were opening
up – questions of “‘which way?’, ‘who says?’ and ‘why?’” (Stirling, Hayes, and Delborne
2018) in communicating with wider publics. We have shown that there is some evidence
of developers and communicators reflecting more openly on ways of making the
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technology acceptable, and acknowledging there may be different ways to take gene drive
forward depending on insights from engagement. These instincts are still mostly under-
pinned by a familiar instrumental interest in public trust and acceptance for deployment
(e.g. Akbari et al. 2015; Min et al. 2017), but we do note some exceptions where devel-
opers are asking a more basic question: should gene drive be developed at all? In con-
clusion, we reflect on the implications of our research for how gene drive might
unfold in the future, and for the responsibilities of different stakeholders as they continue
to communicate with publics in search of better models of innovation for grand
challenges.

Gene drive appears to be unfolding in ways that reflect the emergent, co-produced
character of public engagement that scholars have identified in relation to other ‘grand
challenge’ cases (e.g. Chilvers and Longhurst 2016; Chilvers, Pallett, and Hargreaves
2018). The focus on particular applications of gene drive (malaria, conservation)
creates an opportunity for engagement to consider purpose; as in the case of engagement
on geo-engineering, this can open up deliberation about the wider politics of the problem
in question (Stilgoe, Watson, and Kuo 2013b), with a counter-tendency to narrow in on
questions of safety. Which direction this goes in will depend on how tendencies to close
down, open up or ‘leave ajar’ play out in future. But it is worth attending to the possibility
that even instrumental efforts to close down or generate public acceptance can unravel in
unexpected ways. In this respect, our language of ‘leaving ajar’ signals optimism but also
caution and the need to attend to efforts to create and widen the openings emerging to
date.

Even as public engagement on gene drive has been driven by a motivation to secure
public consent for potentially contentious applications, it seems to be changing the way
that scientists think not only about communication but also about their science. These
scientists are forced to look at problems differently. So, while the pragmatic stance
towards public communication remains an instrumental one in intent, it represents a
loosening of closed positions, allowing exposure to diverse public reactions and alterna-
tive perspectives – leaving the door ajar for these to influence trajectories of the technol-
ogy. As some interviewees acknowledged, this may turn out in ways that cannot
necessarily be controlled. This has broader implications for responsible innovation –
even if commitments to, say, responsiveness to publics initially seem tokenistic, the prac-
tice of engagement may still shift the dynamics of innovation to expose developers to new
perspectives they had not previously considered or thought relevant, which may in turn
influence their choices and decisions.

While these signs provide cause for optimism, the translation of public engagement
into a primary focus on ‘community’ engagement potentially reflects a narrowing of
engagement efforts, even when they proceed in the pragmatic or more open stances
we have described. Our interviews suggest that many developers and communicators
tend to equate the imperative of engagement with an issue of local consent for field
trials, reflecting a similar theme in gene drive literature (e.g. Cheung et al. 2020;
Meghani and Boete 2018; Najjar et al. 2017). Clearly, community engagement is
crucial, for democratic reasons as well as because local engagement may reveal new
knowledge and ways of comparing different innovation options (Hartley et al. 2019; Bar-
tumeus et al. 2019). However, a focus on local consent alone may exclude the wider
ethical and political questions around interventions (e.g. as Taitingfong 2020 argues in
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relation to gene drive for pest control on islands; see also de Campos et al. 2017; Sandler
2020), and issues of ecological uncertainty and boundary-crossing (Leitschuh et al. 2018).
Guidelines on identifying relevant parties may help keep the boundaries of engagement
open (e.g. Kokotovich et al. 2020) but this still keeps the issues circumscribed to those
assumed to already have a stake. By contrast, public deliberation approaches such as
citizen assemblies assume that the net must be cast wider to bring in publics who may
not otherwise be motivated to participate (Dryzek et al. 2020). What a broader public
or, indeed, global public perspective might mean for gene drive needs further research.

In sum, pragmatic and open stances on gene drive are creating new opportunities for
engagement with societal actors and issues, and requiring new ways of thinking about
problems, which may democratise emerging technologies in unforeseen ways. They
may also make transparent the interests and power differentials that tend to close
things down. However, a key limitation of our study is that we focused on stakeholder
accounts of how they approached public communication and engagement around
gene drive, not processes of engagement which social scientists will surely need to inves-
tigate. As well, it should not be forgotten that the capacity to open up emerging technol-
ogies and be responsive in ways suggested in responsible innovation frameworks is
shaped not only by stakeholder views but also by institutional settings and innovation
configurations (Chilvers, Pallett, and Hargreaves 2018; Macnaghten and Chilvers
2014). In the case of gene drive, other social science work has shown that even stake-
holders who accept the anomalous, eco-technological nature of gene drive tend to
assume the technology is governable in ways that are open to question – but also,
such attitudes are co-created and reinforced by existing institutions and their
anomaly-handling strategies Evans and Palmer (2018). As social scientists proceed to col-
laborate with biophysical scientists on public engagement, they are well-placed to explore
these structural constraints and affordances in future work. At the same time, we need to
devote more attention to finding creative ways to open up (and out) conversations, to
throw windows and doors wide open, as it were, to fresh perspectives, engagements
and collective actions. Starting conversations with a focus on public good (Roberson,
Leach, and Raman 2021), as opposed to the particular emerging technology, could be
one way forward.

Human subjects ethical review

Permission to carry out the research reported in this paper was granted by the Research
Ethics Committee at the University of Exeter Business School (Reference number
eUEBS002986 v2.1).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was funded in whole, or in part, by the Wellcome Trust [Grant number 217166/Z/
19/Z]. For the purpose of open access, the author has applied a CC BY public copyright licence to

JOURNAL OF RESPONSIBLE INNOVATION 17



any Author Accepted Manuscript version arising from this submission. Funding for the Australian
team was provided by CSIRO’s Responsible Innovation Platform.

Notes on contributors

DrWendy Russell is a transdisciplinary pracademic. She is an affiliate of the Centre for the Public
Awareness of Science (CPAS) at the Australian National University, where she convenes a course
in Science Dialogue, and researches responsible innovation. She is also an associate of the Centre
for Deliberative Democracy and Global Governance at the University of Canberra. She is a dialo-
gue practitioner and director of Double Arrow Consulting, a Canberra business specialising in
two-way engagement. Wendy previously worked in the Commonwealth Department of Industry,
Innovation, Science, Research and Tertiary Education, managing the award-winning Science &
Technology Engagement Pathways (STEP) programme. Before this, she was senior lecturer in
the School of Biological Sciences at the University of Wollongong, where she researched social
aspects of biotechnology, transdisciplinary inquiry, and technology assessment.

Dr Aleksandra Stelmach is a Research Associate at the University of Exeter Business School. Her
research interests fall at the intersection of Science and Technology Studies and science communi-
cation, focusing in particular on the meanings and uses of emerging technologies. A key theme in
Aleksandra’s research pertains to hype and challenges in communicating scientific advances in a
responsible fashion. Her current work explores public communication of gene drive technology as
well as the emergence and public understanding of epigenetics and developmental origins of health
and disease.

Professor Sarah Hartley is an Associate Professor in the Department of Science, Innovation,
Technology and Entrepreneurship at the University of Exeter where she researches science and
technology governance. She is a qualitative social scientist studying efforts to open up governance
to new actors through case studies involving global health, sustainable agriculture and conserva-
tion. Current research, funded by the British Academy andWellcome, explores gene drive govern-
ance in Africa, North America, Australia and Europe.

Dr Lucy Carter is a senior research scientist with the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) with a background in international health, agricultural develop-
ment and applied ethics. She uses social science methodologies to design and facilitate stakeholder
engagement processes which aim to address complex problems in agriculture, health and biosecur-
ity. Lucy’s research interrogates the broader challenges of public participation in science, respon-
sible governance of novel technologies and ethical engagement. Her work is supported by CSIRO’s
Synthetic Biology and Responsible Innovation Future Science Platforms. Internationally she has
worked towards improving social inclusion and equity for marginalised groups undergoing
major transitions especially in food and nutrition security.

Associate Professor Sujatha Raman is UNESCO Chair-holder in Science Communication for the
Public Good and Director of Research at the Centre for the Public Awareness of Science (CPAS),
The Australian National University. She leads CPAS’ programme of work on responsible inno-
vation, including a project on gene drive. Raman was previously at the Institute for Science and
Society (ISS), University of Nottingham (UK) where she was deputy director, then director, of
the Leverhulme Research Programme, ‘Making Science Public: Challenges and Opportunities’.
Her current research explores the contribution that science communication research and practice
can make to science, technology and innovation in the public good.

Author Contributions

WR: Conceptualization, Data analysis, Writing; AS: Data collection, Feedback on
concept and writing; SH: Feedback on concept and writing, Supervision; LC: Feedback
on concept and writing; SR: Writing, Feedback on concept, Supervision.

18 A. W. RUSSELL ET AL.



ORCID

A. Wendy Russell http://orcid.org/0000-0001-7682-1364
Aleksandra Stelmach http://orcid.org/0000-0002-9329-0574
Sarah Hartley http://orcid.org/0000-0002-4849-5685
Lucy Carter http://orcid.org/0000-0003-2606-1584
Sujatha Raman http://orcid.org/0000-0002-9037-5716

References

Adelman, Z., O. Akbari, J. Bauer, E. Bier, C. Bloss, S. R. Carter, C. Callender, et al. 2017. “Rules of
the Road for Insect Gene Drive Research and Testing.” Nature Biotechnology 35 (8): 716–718.
doi:10.1038/nbt.3926.

Akbari, O., Hugo J. Bellen, E. Bier, Simon L. Bullock, Austin Burt, George M. Church, Kevin R.
Cook, et al. 2015. “Safeguarding Gene Drive Experiments in the Laboratory.” Science 349
(6251): 927–929.

Ashworth, Peta, Justine Lacey, Semso Sehic, and Anne-Maree Dowd. 2019. “Exploring the Value
Proposition for RRI in Australia.” Journal of Responsible Innovation 6 (3): 332–339. doi:10.1080/
23299460.2019.1603571.

Backus, Gregory A., and Jason A. Delborne. 2019. “Threshold-Dependent Gene Drives in the
Wild: Spread, Controllability, and Ecological Uncertainty.” BioScience. doi:10.1093/biosci/
biz098.

Balmer, A. S., Jane Calvert, Claire Marris, Susan Molyneux-Hodgson, E. Frow, M. Kearnes, K. J.
Bulpin, Pablo Schyfter, A. Mackenzie, and Paul Martin. 2015. “Taking Roles in Interdisciplinary
Collaborations: Reflections on Working in Post-ELSI Spaces in the UK Synthetic Biology
Community.” Science & Technology Studies 28 (3): 3–25.

Baltzegar, Jennifer, Jessica Cavin Barnes, Johanna E. Elsensohn, Nicole Gutzmann, Michael S.
Jones, Sheron King, and Jayce Sudweeks. 2017. “Anticipating Complexity in the Deployment
of Gene Drive Insects in Agriculture.” Journal of Responsible Innovation 5 (Sup1): S81–S97.
doi:10.1080/23299460.2017.1407910.

Barben, Daniel, E. Fisher, Cynthia Selin, and D. Guston. 2008. “Anticipatory Governance of
Nanotechnology: Foresight, Engagement, and Integration.” In The Handbook of Science and
Technology Studies, edited by E. J. Hackett, Olga Amsterdamska, Michael Lynch, and Judy
Wajcman, 979–1000. Cambrdige, MA: The MIT Press.

Bartumeus, F., G. B. Costa, R. Eritja, A. H. Kelly, M. Finda, J. Lezaun, F. Okumu, et al. 2019.
“Sustainable Innovation in Vector Control Requires Strong Partnerships with Communities.”
PLOS Neglected Tropical Diseases 13 (4): e0007204. doi:10.1371/journal.pntd.0007204.

Benedict, M., P. D’Abbs, S. Dobson, M. Gottlieb, L. Harrington, S. Higgs, A. James, et al. 2008.
“Guidance for Contained Field Trials of Vector Mosquitoes Engineered to Contain a Gene
Drive System: Recommendations of a Scientific Working Group.” Vector-Borne and Zoonotic
Diseases 8 (2): 127–166. doi:10.1089/vbz.2007.0273.

Brooks, S., Melissa Leach, Henry Lucas, and Erik Millstone. 2009. Silver Bullets, Grand Challenges
and the New Philanthropy. Brighton: STEPS Centre.

Carter, L., and A. Mankad. 2021. “The Promises and Realities of Integration in Synthetic Biology:
A View from Social Science.” Frontiers in Bioengineering and Biotechnology 8: 622221. doi:10.
3389/fbioe.2020.622221.

Cheung, C., S. Gamez, R. Carballar-Lejarazu, V. Ferman, V. N. Vasquez, G. Terradas, J. Ishikawa,
et al. 2020. “Translating Gene Drive Science to Promote Linguistic Diversity in Community and
Stakeholder Engagement.” Global Public Health 15 (10): 1551–1565. doi:10.1080/17441692.
2020.1779328.

Chilvers, Jason, and Noel Longhurst. 2016. “Participation in Transition(s): Reconceiving Public
Engagements in Energy Transitions as Co-Produced, Emergent and Diverse.” Journal of
Environmental Policy & Planning 18 (5): 585–607. doi:10.1080/1523908x.2015.1110483.

JOURNAL OF RESPONSIBLE INNOVATION 19

http://orcid.org/0000-0001-7682-1364
http://orcid.org/0000-0002-9329-0574
http://orcid.org/0000-0002-4849-5685
http://orcid.org/0000-0003-2606-1584
http://orcid.org/0000-0002-9037-5716
https://doi.org/10.1038/nbt.3926
https://doi.org/10.1080/23299460.2019.1603571
https://doi.org/10.1080/23299460.2019.1603571
https://doi.org/10.1093/biosci/biz098
https://doi.org/10.1093/biosci/biz098
https://doi.org/10.1080/23299460.2017.1407910
https://doi.org/10.1371/journal.pntd.0007204
https://doi.org/10.1089/vbz.2007.0273
https://doi.org/10.3389/fbioe.2020.622221
https://doi.org/10.3389/fbioe.2020.622221
https://doi.org/10.1080/17441692.2020.1779328
https://doi.org/10.1080/17441692.2020.1779328
https://doi.org/10.1080/1523908x.2015.1110483


Chilvers, Jason, Helen Pallett, and Tom Hargreaves. 2018. “Ecologies of Participation in Socio-
Technical Change: The Case of Energy System Transitions.” Energy Research & Social Science
42: 199–210. doi:10.1016/j.erss.2018.03.020.

Dare, Melanie, Jacki Schirmer, and Frank Vanclay. 2014. “Community Engagement and Social
Licence to Operate.” Impact Assessment and Project Appraisal 32 (3): 188–197. doi:10.1080/
14615517.2014.927108.

de Campos, André Sica, Sarah Hartley, Christiaan de Koning, Javier Lezaun, and Lea Velho. 2017.
“Responsible Innovation and Political Accountability: Genetically Modified Mosquitoes in
Brazil.” Journal of Responsible Innovation 4 (1): 5–23. doi:10.1080/23299460.2017.1326257.

Delborne, Jason A., Adam E. Kokotovich, and Jeantine E. Lunshof. 2020. “Social License and
Synthetic Biology: The Trouble with Mining Terms.” Journal of Responsible Innovation, 1–18.
doi:10.1080/23299460.2020.1738023.

Delgado, Ana, Kamilla Lein Kjølberg, and Fern Wickson. 2011. “Public Engagement Coming of
Age: From Theory to Practice in STS Encounters with Nanotechnology.” Public
Understanding of Science 20 (6): 826–845. doi:10.1177/0963662510363054.

Doubleday, Robert. 2007. “Risk, Public Engagement and Reflexivity: Alternative Framings of the
Public Dimensions of Nanotechnology.” Health, Risk & Society 9 (2): 211–227. doi:10.1080/
13698570701306930.

Dryzek, J. S., D. Nicol, S. Niemeyer, Sonya Pemberton, N. Curato, Andre Baechtiger, Philip
Batterham, et al. 2020. “Global Citizen Deliberation on Genome Editing.” Science 369 (6510):
1435–1437. doi:10.1126/science.abb5931.

Ely, Adrian, Patrick Van Zwanenberg, and Andrew Stirling. 2014. “Broadening out and Opening
up Technology Assessment: Approaches to Enhance International Development, co-Ordination
and Democratisation.” Research Policy 43 (3): 505–518. doi:10.1016/j.respol.2013.09.004.

Esvelt, K. 2016. “Gene Editing Can Drive Science to Openness.” Nature 534: 153.
Evans, SamW., and Megan J. Palmer. 2018. “Anomaly Handling and the Politics of Gene Drives.”

Journal of Responsible Innovation 5: 223–242.
Fisher, Erik. 2018. “Gene Drives and the Expanding Horizon of Governance.” Journal of

Responsible Innovation 5 (sup1): S1–S3. doi:10.1080/23299460.2017.1422378.
Grunwald, Armin. 2017. “Assigning Meaning to NEST by Technology Futures: Extended

Responsibility of Technology Assessment in RRI.” Journal of Responsible Innovation 4 (2):
100–117. doi:10.1080/23299460.2017.1360719.

Guston, D. H. 2008. “Innovation Policy: Not Just a Jumbo Shrimp.” Nature 454: 940–941.
Hartley, Sarah, Warren Pearce, and Alasdair Taylor. 2017. “Against the Tide of Depoliticisation:

The Politics of Research Governance.” Policy & Politics 45 (3): 361–377. doi:10.1332/
030557316x14681503832036.

Hartley, S., D. Thizy, K. Ledingham, M. Coulibaly, A. Diabate, B. Dicko, S. Diop, et al. 2019.
“Knowledge Engagement in Gene Drive Research for Malaria Control.” PLOS Neglected
Tropical Diseases 13 (4): e0007233. doi:10.1371/journal.pntd.0007233.

Irwin, Alan. 2006. “The Politics of Talk: Coming to Terms with the ‘New’ Scientific Governance.”
Social Studies of Science 36 (2): 299–320. doi:10.1177/0306312706053350.

Kearnes, Matthew, Robin Grove-White, Phil Macnaghten, James Wilsdon, and Brian Wynne.
2006. “From Bio to Nano: Learning Lessons from the UK Agricultural Biotechnology
Controversy.” Science as Culture 15 (4): 291–307.

Kokotovich, Adam E., Jason A. Delborne, Johanna Elsensohn, Hannah Burrack, and Jeffrey
Morisette. 2020. “Emerging Technologies for Invasive Insects: The Role of Engagement.”
Annals of the Entomological Society of America 113 (4): 266–279. doi:10.1093/aesa/saz064.

Leach, Melissa and Ian Scoones. 2006. The Slow Race: Making Technology work for the Poor.
London: Demos.

Ledingham, Katie, and Sarah Hartley. 2021. “Transformation and Slippage in co-Production
Ambitions for Global Technology Development: The Case of Gene Drive.” Environmental
Science & Policy 116: 78–85. doi:10.1016/j.envsci.2020.10.014.

Leitschuh, Caroline M., Dona Kanavy, Gregory A. Backus, Rene X. Valdez, Megan Serr, Elizabeth
A. Pitts, David Threadgill, and John Godwin. 2018. “Developing Gene Drive Technologies to

20 A. W. RUSSELL ET AL.

https://doi.org/10.1016/j.erss.2018.03.020
https://doi.org/10.1080/14615517.2014.927108
https://doi.org/10.1080/14615517.2014.927108
https://doi.org/10.1080/23299460.2017.1326257
https://doi.org/10.1080/23299460.2020.1738023
https://doi.org/10.1177/0963662510363054
https://doi.org/10.1080/13698570701306930
https://doi.org/10.1080/13698570701306930
https://doi.org/10.1126/science.abb5931
https://doi.org/10.1016/j.respol.2013.09.004
https://doi.org/10.1080/23299460.2017.1422378
https://doi.org/10.1080/23299460.2017.1360719
https://doi.org/10.1332/030557316x14681503832036
https://doi.org/10.1332/030557316x14681503832036
https://doi.org/10.1371/journal.pntd.0007233
https://doi.org/10.1177/0306312706053350
https://doi.org/10.1093/aesa/saz064
https://doi.org/10.1016/j.envsci.2020.10.014


Eradicate Invasive Rodents from Islands.” Journal of Responsible Innovation 5 (sup1): S121–
SS38. doi:10.1080/23299460.2017.1365232.

Long, K. C., Alphey, L., Annas, G. J., Bloss, C. S., Campbell, K. J., Champer, J., Chen, C-H, et al.
2020. “Core Commitments for Field Trials of Gene Drive Organisms.” Science 370 (6523): 1417–
1419.

Macnaghten, Phil, and Jason Chilvers. 2014. “The Future of Science Governance: Publics, Policies,
Practices.”Environment andPlanningC:GovernmentandPolicy32 (3): 530–548. doi:10.1068/c1245j.

Marris, Claire, and Nikolas Rose. 2010. “Open Engagement: Exploring Public Participation in the
Biosciences.” PLoS Biology 8 (11): e100549.

Marks, Nicola, and A. Wendy Russell. 2015. “Public Engagement in Biosciences and
Biotechnologies: Reflections on the Role of Sociology and STS”. Journal of Sociology 51 (1):
97–115.

Marshall, J. M., and C. E. Taylor. 2009. “Malaria Control with Transgenic Mosquitoes.” PLoS
Medicine 6 (2): e20. doi:10.1371/journal.pmed.1000020.

Meghani, Z., and C. Boete. 2018. “Genetically Engineered Mosquitoes, Zika and Other
Arboviruses, Community Engagement, Costs, and Patents: Ethical Issues.” PLOS Neglected
Tropical Diseases 12 (7): e0006501. doi:10.1371/journal.pntd.0006501.

Mentz-Lagrange, Sasha, and Eva Sirinathsinghji. 2020. Profiteering from Health and Ecological
Crises in Africa. The Target Malaria Project and New Risky GE Technologies. Johannesburg:
African Centre for Biodiversity.

Min, John, Andrea L. Smidler, Devora Najjar, and Kevin M. Esvelt. 2017. “Harnessing Gene
Drive.” Journal of Responsible Innovation 5 (sup1): S40–S65. doi:10.1080/23299460.2017.
1415586.

Mohr, A., and S. Raman. 2012. “Representing the Public in Public Engagement: The Case of the
2008 UK Stem Cell Dialogue.” PLoS Biology 10 (11): e1001418. doi:10.1371/journal.pbio.
1001418.

Najjar, D. A., A. M. Normandin, E. A. Strait, and K. M. Esvelt. 2017. “Driving Towards
Ecotechnologies.” Pathogens and Global Health 111 (8): 448–458. doi:10.1080/20477724.2018.
1452844.

National Academies of Sciences, Engineering, and Medicine. 2016. Gene Drives on the Horizon:
Advancing Science, Navigating Uncertainty, and Aligning Research with Public Values.
Washington DC: The National Academies.

Nerlich, B., S. Hartley, S. Raman, and Alexander Smith. 2018. Science and the Politics of Openness.
Here be Monsters. Manchester: Manchester University Press.

Nuffield Council on Bioethics. 2012. Emerging Biotechnologies: Technology, Choice and the Public
Good. London: Nuffield Council on Bioethics.

Owen, R., J. Stilgoe, P. Macnaghten, M. Gorman, E. Fisher, and D. Guston. 2013. “A Framework
for Responsible Innovation.” In Responsible Innovation: Managing the Responsible Emergence of
Science and Innovation in Society, edited by R. Owen, J. Bessant, and M. Heintz, 27–50.
Chichester: John Wiley & Sons.

Pansera, Mario, Richard Owen, Darian Meacham, and Vivienne Kuh. 2020. “Embedding
Responsible Innovation Within Synthetic Biology Research and Innovation: Insights from a
UK Multi-Disciplinary Research Centre.” Journal of Responsible Innovation 7 (3): 384–409.
doi:10.1080/23299460.2020.1785678.

Petersen, Alan, and Ivan Krisjansen. 2015. “Assembling ‘the Bioeconomy’: Exploiting the Power of
the Promissory Life Sciences.” Journal of Sociology 51 (1): 28–46..

Raman, Sujatha, and Alison Mohr. 2014. “A Social Licence for Science: Capturing the Public or
Co-Constructing Research?” Social Epistemology 28 (3-4): 258–276. doi:10.1177/
1440783314562314.

Rayner, Steve. 2012. “Uncomfortable Knowledge: The Social Construction of Ignorance in Science
and Environmental Policy Discourses.” Economy and Society 41 (1): 107–125. doi:10.1080/
03085147.2011.637335.

JOURNAL OF RESPONSIBLE INNOVATION 21

https://doi.org/10.1080/23299460.2017.1365232
https://doi.org/10.1068/c1245j
https://doi.org/10.1371/journal.pmed.1000020
https://doi.org/10.1371/journal.pntd.0006501
https://doi.org/10.1080/23299460.2017.1415586
https://doi.org/10.1080/23299460.2017.1415586
https://doi.org/10.1371/journal.pbio.1001418
https://doi.org/10.1371/journal.pbio.1001418
https://doi.org/10.1080/20477724.2018.1452844
https://doi.org/10.1080/20477724.2018.1452844
https://doi.org/10.1080/23299460.2020.1785678
https://doi.org/10.1177/1440783314562314
https://doi.org/10.1177/1440783314562314
https://doi.org/10.1080/03085147.2011.637335
https://doi.org/10.1080/03085147.2011.637335


Roberson, Tara, Joan Leach, and Sujatha Raman. 2021. “Talking About Public Good for the
Second Quantum Revolution: Analysing Quantum Technology Narratives in the Context of
National Strategies.” Quantum Science and Technology 6: 2. doi:10.1088/2058-9565/abc5ab.

Sandler, R. 2020. “The Ethics of Genetic Engineering and Gene Drives in Conservation.”
Conservation Biology 34 (2): 378–385. doi:10.1111/cobi.13407.

Schairer, C. E., R. Taitingfong, O. S. Akbari, and C. S. Bloss. 2019. “A Typology of Community and
Stakeholder Engagement Based on Documented Examples in the Field of Novel Vector
Control.” PLOS Neglected Tropical Diseases 13 (11): e0007863. doi:10.1371/journal.pntd.
0007863.

Scott, Maxwell J., Fred Gould, Marcé Lorenzen, Nathaniel Grubbs, Owain Edwards, and David
O’Brochta. 2018. “Agricultural Production: Assessment of the Potential use of Cas9-Mediated
Gene Drive Systems for Agricultural Pest Control.” Journal of Responsible Innovation 5
(sup1): S98–S120. doi:10.1080/23299460.2017.1410343.

Stilgoe, Jack, Richard Owen, and Phil Macnaghten. 2013a. “Developing a Framework for
Responsible Innovation.” Research Policy 42 (9): 1568–1580. doi:10.1016/j.respol.2013.05.008.

Stilgoe, J., M. Watson, and Kirsty Kuo. 2013b. “Public Engagement with Biotechnologies Offers
Lessons for the Governance of Geoengineering Research and Beyond.” PLoS Biology 11 (11):
e1001707. doi:10.1371/journal.pbio.

Stirling, A. 2008. ““Opening Up” and “Closing Down”: Power, Participation, and Pluralism in the
Social Appraisal of Technology.” Science, Technology, & Human Values 33 (2): 262–294. doi:10.
1177/0162243907311265.

Stirling, A., K. R. Hayes, and J. Delborne. 2018. “Towards Inclusive Social Appraisal: Risk,
Participation and Democracy in Governance of Synthetic Biology.” BMC Proceedings 12
(Suppl 8): 15. doi:10.1186/s12919-018-0111-3.

Taitingfong, R. I. 2020. “Islands as Laboratories: Indigenous Knowledge and Gene Drives in the
Pacific.” Human Biology 91 (3): 179–188. doi:10.13110/humanbiology.91.3.01.

Viseu, Ana. 2015. “Integration of Social Science Into Research is Crucial.” Nature 525: 291.
Wodak, Josh. 2020. “(Human-Inflected) Evolution in an Age of (Human-Induced) Extinction:

Synthetic Biology Meets the Anthropocene.” Humanities 9 (4). doi:10.3390/h9040126.
Wynne, B. 2006. “Public Engagement as a Means of Restoring Public Trust in Science–Hitting the

Notes, but Missing the Music?” Public Health Genomics 9 (3): 211–220. doi:10.1159/000092659.

22 A. W. RUSSELL ET AL.

https://doi.org/10.1088/2058-9565/abc5ab
https://doi.org/10.1111/cobi.13407
https://doi.org/10.1371/journal.pntd.0007863
https://doi.org/10.1371/journal.pntd.0007863
https://doi.org/10.1080/23299460.2017.1410343
https://doi.org/10.1016/j.respol.2013.05.008
https://doi.org/10.1371/journal.pbio
https://doi.org/10.1177/0162243907311265
https://doi.org/10.1177/0162243907311265
https://doi.org/10.1186/s12919-018-0111-3
https://doi.org/10.13110/humanbiology.91.3.01
https://doi.org/10.3390/h9040126
https://doi.org/10.1159/000092659

	Abstract
	Introduction
	Could gene drive be open to ‘opening up’ public engagement?

	Research questions and methods
	Approaches to using applications in gene drive communication
	Closing down
	Opening up (and out)
	Leaving ajar

	Discussion
	Conclusion
	Human subjects ethical review
	Disclosure statement
	Notes on contributors
	Author Contributions
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


