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SCIENCE COMMUNICATION AND INNOVATION: ZOOMING OUT FOR MICRO-LEVEL
INSIGHTS CLOSE TO REALITY

Science communication for uncertain science and
innovation

Maarten C. A. van der Sanden and Steven M. Flipse

Differences in viewpoints between science and society, like in for example
the HPV-vaccination debate, should be considered from a socio-technical
system perspective, and not solely from a boundary perspective between
the lay public, medical doctors and scientists. Recent developments in the
HPV-vaccination case show how the debate concerning uncertainty
amongst scientists and the lay audience is mostly focussed on the
improvement of understanding of lay people about why vaccination is
important. This boundary thinking leads to the idea that once the boundary
is crossed, the problem is solved. However, such ‘bug-fixing’ and
technocentric boundary thinking is not leading to sustainable resolutions.
We view science communication as a key aspect of the socio-technical
system of scientific, technological and innovation development, in which
the vaccine and its corresponding immunisation program are socially
constructed. A process of construction that takes place all the way from the
fuzzy front-end of their scientific conception until the marketing back-end.
The authority, legitimacy and therefore the license to operate of scientists,
engineers and policy makers are discussed, primarily at this boundary, but
develops during the whole process of innovation. During upstream
processes, professional roles and according behaviour are also defined.

In this commentary we state that the development of science
communication strategies should also start upstream, and that the
‘bug-fixes’ of improved listening to (and not by) the lay audience, could be
become a more sustainable solution to the HPV-debate if this process of
listening by experts considers the socio-technical system of vaccination as
a whole. One of the outcomes might be that the dialogue between
scientists, policy makers and the lay audience is about the various possible
scenarios that deal with inherent scientific and societal uncertainty in which
the inevitable uncertainty of science becomes more explicit. It is not known
according whether this will lead to more profound interactions, however we
would like to explore this possibility a bit more from an uncertain innovation
process point of view. This could clear the way for a process of co-inquiry
into ideas concerning shared responsibility and accountability. The latter
means that the focus in the debate is more balanced and concerns the
social network, and is not purely focussed on the betterment of
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understanding by the lay audience. Moreover, in this way we consider
communication and interaction between actors not as a means of crossing
any boundaries (since that may be impossible), but as a means to perturb
a status quo or equilibrium within a network of actors. This makes apparent
boundaries more explicit and discussable. Methods of interaction, e.g.
based on concepts like midstream modulation, may lead to another
discourse and give way to new dynamics in this social system.

Public engagement with science and technology; Science and
policy-making; Science communication: theory and models

Keywords

Uncertain science
in an uncertain
world:
HPV-vaccination
debate revival

Lips [2011] quotes the science philosopher Philip Kitcher, who says that the ideal
collaboration between science and politics involves societal and political
deliberation, scientific advice and political decision making [Kitcher, 2001]. This
ideal way of interaction between science and politics entails that normative
decision making is separated from scientific deliberation. This leads to a decision
making process that is bounded by normative frames and realistic epistemology
[Lips, 2011]. However, by definition this ideal process does not occur in reality.
Scientific development is not a value-free enterprise, as described by many science
philosophers, such as Latour [1988]. And that becomes even more apparent in
complex social scientific issues like decision making in the case of HPV vaccination
[Lips, 2011]. The issue is, as said, that scientists deal with concurrent results of
scientific research, that entail uncertainty, and that do not always lead to answers,
but to more questions. E.g., the HPV tests are executed with girls and women older
than 12 years, whereas the vaccination is given at the age of 12. Other uncertainties
are about the sustainability of the preservation of the vaccine [ibid.]. Remarkably,
medical researchers and doctors tend to ignore this uncertainty when the lay
audience is stressing the same or other uncertainties.

This results in an HPV-vaccination discourse — which has recently revived in the
Netherlands — that is about the fact that some parents are resistant to vaccinating
their children, since they are convinced of, supported by other scientific evidence,
serious negative side effects of this vaccination. Some scientists and medical
doctors responded by continuing to explain that most of the scientific literature is
pointing in a different direction and that vaccination is safe. Or even more strongly,
some have called parents keeping their children away from the vaccination
program a serious health threat for society [Kouwenhoven and Voormolen, 2016;
Köhler, 2016]. The discussion on ‘facts’ and ‘opinions’ from both sides seem to be
not of any use to better or further the discussion. Since all this does not take into
account the idea that innovation and scientific development is intrinsically
uncertain, starting from its early development all the way to its market introduction
at the back-end, solely considering boundary thinking — as supposed and executed
by Dutch medical staff, entailing improved listening in order to figure out where
the contradictory thoughts and ideas come from — may be a nice and sometimes
effective idea, but unfortunately fails to solve the problem because it’s focus is too
restricted. We feel that there are opportunities to better consider its systemic focus.

In this commentary we will first elaborate on the idea that if one wants to develop
sustainable solutions, a detailed focus on the boundaries between scientists, policy
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makers and lay audience is needed (the parts), but the social system of
socio-technical development should also be taken into account (the whole). The
practical implication of this ‘system thinking’ is that the focus of the debate is not
on facts and opinions, but on various scenarios of implementing vaccination that
take into account uncertainties that emerge throughout the whole process. This
kind of thinking, as we will state, frees-up the debate in search for new dynamics in
debates like the one on HPV vaccination.

Micro-social order There is no news in saying that scientific and technological developments, and
innovation processes, are inherently uncertain. Also within the social sciences and
humanities voices state that talking about the process of science and technological
development, and the related beliefs, failures, dreams and ideas of those involved
upstream, should get attention [Flipse, van der Sanden and Osseweijer, 2014; van
der Sanden, 2000]. In the realm of science communication research on engagement
and dialogue, various roles of scientists and engineers are partly influenced by
scientific uncertainties. Therefore scientists’ and engineers’ communication with
policy makers and the lay audience is often researched as one can read in the by
Gilbert and Stocklmayer [2013] edited book on Communication and Engagement with
Science and Technology, or more recently Davies’ and Horst’s [2016] book on Science
Communication, Culture, Identity and Citizenship.

Leeuwis and Aarts [2011, p. 27] write: ‘meaningful innovation is dependent on
changes in discourses, representations and storylines that are mobilized by
interacting social actors’. These social actors include all the actors involved from
the start (upstream) to the end (downstream). Concerning the HPV vaccination,
this includes scientists, the pharmaceutical industry, medical doctors and the lay
audience. These all have different positions and roles in this socio-technical system.
Leeuwis & Aarts mention that insights in the micro-social order of collaboration
between these actors in which e.g. uncertainties are discussed, are important to
understand science and technology developments. Therefore, it may be the case
that the critical stage in the process of HPV-vaccination — from a science
communication perspective — is not only at the level of the audience but also at the
levels of the numerous meetings of professionals at meeting tables throughout the
world during which their professional roles and identities are constructed in a
collaborative process [Wenger, 2000].

One of these micro-social order aspects is ‘silence’ in conversation. Along with
others [Krippendorff, 2008; Fonseca, 2002; Ford, 1999], Verouden, van der Sanden
and Aarts [2016, p. 93] state: ‘despite the importance of verbal exchanges, it is
widely recognized that people’s behaviour is not only shaped by what they talk
about, but also by that about which they stay silent’. It might happen that even
professionals do not really understand what is going on, or are not used to thinking
about various important relevant downstream aspects. This may be inherent to the
process of scientific research, and hence people keep silent. And so, technology is
pushed further, but not always deliberately and frequently unconsciously. So, a
downstream dialogue between scientists, medical doctors and the lay audience has
a further downstream future in resulting social interactions, which includes
elements of the micro-social order in the network between these actors. But this
dialogue also has its upstream fundaments in the history of its research.
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Dilemmas This mentioned uncertainty becomes clear in the various descriptions of known
dilemmas in innovation processes. And one might imagine that these dilemmas are
not always extensively discussed throughout the innovation process. Consider the
Collingridge [1980] dilemma, that describes a so called double-bind problem in
which there is an information problem and a power problem. The information
problem entails that impacts (of new technology, authors) cannot be easily
predicted until the technology is extensively developed (or even and widely used).
The power problem is about the difficulties in control or change once the
technology has become entrenched in society. Yet, another dilemma is described by
Christensen [2002], the innovator’s dilemma. This dilemma in short is about how
improvements of the products or services from incumbent companies do not keep
pace with what customers or the markets expect. This leads to questions about how
executives can simultaneously do what is right for the near-term health of their
established business, while also focussing adequate resources on the new,
disruptive technologies that ultimately could lead to their downfall. In the case of
the HPV vaccination implementation program this means: do we invest in
implementing the vaccination program now, or do we need to wait and put
resources into further research on the uncertainties that still exist? Importantly,
these dilemmas should be discussed, and actors should decide consciously on what
to do within collaborative networks, i.e scientists, policy makers and the lay
audience. So, within this micro-social order, as Kleinman [2006, p. 235] describes:
“one of our eyes is open to dangers of the world and the uncertainty of our human
condition; the other is closed, so that we do not see or feel these things, so that we
can go on with our lives”.

System thinking supports thinking about this dilemma in a much broader way,
while not missing out on the details. System thinking does not lead to solutions
directly, but opens the way to many more scenarios being considered. Therefore, in
our opinion, ‘system thinking’ and ‘scenario thinking’ are two conceptual ways of
thinking that can help to develop, or rather design, science communication
processes as part of innovation processes, and that simultaneously take into
account uncertainty, history and future of scientific and technological development.
More specific ‘midstream modulation’ of innovation processes supports scientists,
engineers, business developers to establish mutual understanding about e.g.
uncertainties and develop a common language to efficiently work together [Flipse
et al., 2014]. This shared language, in which uncertainties are made explicit, can
support system thinking and scenario thinking for all stakeholders involved. This
can lead to a dialogue on shared responsibility and accountability, supporting and
shaping further co-development of e.g. a vaccination program. As Flipse et al.
[2014, p. 137] write: ‘This notion of social responsible innovation goes beyond
communication strategies for market introduction or assessing societal impacts of
technology. The real value of ‘making music’ together is in its collaborative performance, in
its harmonium [. . . ] collaboration requires an active trial and error attitude, and only
practice makes perfect’.
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Uncertainty,
system thinking,
scenario thinking
enabled by
midstream
modulations

These are professional challenges within the realm of science and scientific
development, which are opaque, ill-defined and ill-structured [Rittel and Webber,
1973]. We need to deal with such uncertain science in an uncertain world, as
Pollack [2003, p. 2] writes: ‘the topic of global change illustrates both the scientific
complexities and the uncertainties, and the difficulties people and nations have in
formulating rational policy addressing the many facets of a changing climate on
Earth.’ He describes four aspects of uncertainty which all also have to do with
science communication: 1) uncertainty is always with us and can never be fully
eliminated; 2) decisions are made in the absence of certainty; 3) predicting the
long-term future is a perilous business; 4) uncertainty far from being a barrier to
progress, is actually a strong stimulus for, and an important ingredient of,
creativity. The latter makes all this quite challenging, since it implies we should
embrace uncertainty in science communication, instead of excluding it [van der
Sanden, 2008].

As an example, the advice given by de National Health Council concerning HPV
vaccination is not solely based on scientific research. The process of advice is to
been seen as a constructive process, in which uncertainties (in line with Pollack’s
aforementioned ideas, authors) are weighted, in which political issues suffice and
stakeholders aim for consensus [Lips, 2011]: the choice for one answer will
inevitably lead to a politicization of the scientific institute that advises. This shield
of scientific decision making is called ‘stealth issue advocacy’ by Pielke [2007,
p. 63]: ‘A great danger for both science and politics occurs when members of the scientific
community itself participate in the politicization of science [. . . ] In the resulting media
contest between competing authorities, it is not possible to tell whether science or politics is
speaking. We then lose both the power of science and the credibility of democratic process’.

Innovation processes are often described as occurring within dynamic social
systems in which the niche (local level of innovation processes, e.g. incubators),
regime (rules and practices shared amongst scientists, engineers, business people,
users, policy makers) and landscape (external environment of processes and factors
that influence both regimes and niches, including aspects such as, oil prices,
cultural and normative values) are dynamically intertwined and time dependent
[Markard and Truffer, 2008; Geels and Schot, 2007]. So when professionals design
science communication strategies, one should not only focus at the back-end of
innovation — i.e. the interaction with the lay audience and improved listening —
but also travel upstream in the innovation process in which scientists, policy
makers and others are dealing with similarly difficult substance and nature of
arguments. What is lacking in the discussion on e.g. HPV vaccination is this overall
picture of the innovation process in which identities and professional behaviour are
changing over time. From a system perspective [Bailey, 1994; Banathy, 1996;
Mitchell, 2009; Markard and Truffer, 2008; Geels and Schot, 2007] one should have
an understanding of this development of vaccination until the very end. As the
authors wrote earlier in this journal [van der Sanden and Flipse, 2015], that if one
wants to understand public engagement or participation, the collaboration between
scientists and their scientific partners, and its dynamic properties should also be
taken into consideration. Namely, as we can learn from corporate communication
[van Riel and Fombrun, 2007], the identity of scientists and their values and needs
as partners of co-creation on the level of public engagement and participation, is
partly based on the values and needs of scientists on the level of collaboration with
their scientific peers [van der Sanden and Osseweijer, 2011]. Scientists, industrial
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researchers, university and governmental policy makers on science and technology
and the public all co-exist, collaborate and co-create on various levels, adopting
various roles within the socio-technical system of science and technology
development. Science communication is a distributed system-element within such
a socio-technical system in which each actor has a communicative role, function
and tasks, that need to be stimulated, supported and trained. This kind of science
communication supports stakeholders in the socio-technical system to solve
real-world issues that are complex and dynamic from the perspective of
multidisciplinary collaboration, in all stages of science and innovation.

Returning to the HPV case, we see that reflection in the daily practice of the debate
can be quite hard. Researchers and medical doctors apply communication
strategies such as listening, and try to understand where misconceptions come
from. But to reflect on their own role as researchers or medical doctors, and to
actively use the outcomes of such reflection in their communication with the lay
audience — i.e. anticipate in the formulation of their research questions about
future implications — is immensely difficult. That is not merely based on
resistance, but probably also on a lack of insights into the fact that more
information to the public does not lead to more understanding let alone acceptance
[Wynne, 2008, Elephants in the room]. They may not recognize the vaccination
regime as an interlinked socio-technical system in which interlinked uncertainties
and interlinked communication occurs. We may also see this as a social learning
process in which engagement, imagination and alignment are important
fundamentals for learning together [Wenger, 2000]. This entails the adoption of a
trial-and-error approach, of bringing vaccination programs to ill-defined,
ill-structured, social practices. This trial and error needs to be facilitated.

Mid-stream Clarifying which processes are relevant to consider, and what good directions for
solutions might be, is one thing, but how to bring this all to practice? How to better
and further the debate? Scenario thinking, in order to get a grip on the complexity
of the HPV vaccination debate, enhanced through facilitated communication and
interaction based on concepts like midstream modulation to support reflecting on
one’s own (changing) role, can lead to more comprehensive thoughts on
responsibility and accountability.

In the process of midstream modulation [Fisher, Mahajan and Mitcham, 2006;
Flipse, van der Sanden and Osseweijer, 2014] a social scientist embedded in the
execution of scientific research encourages ‘natural scientists and engineers’ to
actively broaden their deliberations on social and ethical aspects. For the process of
HPV vaccination, this could concern an innovation process that doesn’t only
merely deal with uncertainty concerning HPV-vaccination, but also a process in
which uncertainty may lead to creativity, following Pollack’s idea. This may help
them to focus not only on the boundaries between science and lay audience, but
also to understand their innovation pathway from a system perspective.

The outcome of these reflections could be used as input for scenarios concerning
the future implementation of HPV-vaccination program. Scenarios are amongst, as
Schoemaker [1995] writes, the many tools a manager can use for strategic planning,
and scenario thinking stands out for its ability to capture a whole range of
possibilities in rich detail. By identifying basic trends and uncertainties a manager
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(or scientist, engineer, policy maker) can construct a series of scenarios that will
help to compensate for the usual errors in decision making, including e.g.
overconfidence and tunnel vision. These scenarios are of course also based on
scientific uncertainty and normative politics. However, ‘there is a difference’, as
described by Pielke, ‘between providing a single option and providing a broader
set of options, particularly if the latter reflects a range of valued outcomes’ [Pielke,
2007, p. 142]. Moreover, presenting various scenarios more clearly shows that there
is uncertainty, and where these uncertainties may be. Then, as Lips says [2011,
p. 91]: frontstage behaviour is aligned with backstage decision making and avoids
‘stealth issue advocacy’. Now one can see that only listening at the boundary
between science and a lay audience is too simple, and even when scientists are
concerned, not a wise thing to do, both form the viewpoint of the scientist and from
that of the lay audience. However, talking about shared and different
responsibilities and the accountability that emerges from the innovation system, in
which uncertainties became clear through scenarios, based on the reflections by the
scientists, makes sense. Than we cut through complexity in the HPV vaccination
debate. According to our opinion that is what science communication aims are
about in responsible research and innovation: imagination, collaboration,
deliberation and decision making, supported by methods like midstream
modulation, system thinking and scenario thinking. That keeps us away from
solely ‘bug-fix’-oriented boundary thinking and leads to communication and
interaction between actors, not as a means of crossing any boundaries (since that
may be impossible), but as a means to perturb a status quo or equilibrium within a
network of actors. This makes apparent boundaries more explicit and discussable
and nudges stakeholders and their relations in the socio-technical network of
HPV-vaccination.
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