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Abstract Scholars and policymakers have increas-
ingly advocated to engage citizens more substantially in
the development of science and technology. However,
to a large extent it has remained unknown how citi-
zens can contribute to technology development. In this
study, we systematically characterized citizens’ con-
tributions in the development of nanotechnology for
health. We explored to which technology aspects citi-
zens are able to provide suggestions on and on which
values their suggestions are based. Fifty citizens in the
Netherlands were asked to discuss different applica-
tions of nanotechnology for health. They were divided
over eight focus groups, which lasted approximately
6.5h each. The citizens were able to contribute to vari-
ous technology aspects; they mainly focused on the
technologies’ implementation and use, they paid some
attention to the development and system aspects, and
also addressed, but less, the design and communication
aspects. Their suggestions were often derived from
concerns about the potential effects of the technologies
and were predominantly based on the values of well-
being, autonomy, and privacy.
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Introduction

Various scholars have stressed the importance of
substantive public engagement efforts in the devel-
opmental processes of science and technology. They
argued that the general public should be included
in the development of technological innovations in
order to create new knowledge and add social value
[e.g., 1-3]. Wynne [2] underlined the importance of
citizen engagement more than a decade ago, when
he identified “an apparent institutional lack of abil-
ity to imagine that public concerns may be based on
reasonable questions that are not being recognized
and addressed” (p. 219). Eight years later, Jasanoff
[1] remarked in her reflection on the development
of public understanding of science that not much has
changed. She concluded that too often the general
public has been treated as an entity that is ignorant
and indifferent to science, while in reality people
can add relevant insights. In a similar vein, Rip [3]
emphasized that responsible research and innova-
tion (RRI) should not only be about a moral division
in which scientists and other stakeholders promote
progress and civil society actors add the ‘responsi-
ble’ components, but also that societal actors jointly
should inquire issues that are at stake.

Although researchers agree upon the added value
of the inclusion of citizens as a worthy partner in
the development of science and technology, there
has been criticism regarding the nature, design, and
analysis of citizen engagement [4, 5]. Engagement
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activities too often stick to citizens’ general per-
ceptions of risks and benefits of nanotechnologies,
thereby overlooking their contributions on broader
ethical and social aspects of these technologies and
specific values they might hold in relation with these
technologies [4, 5]. Hence, there is much to learn
about the nature and content of citizens’ input in
this regard. Due to the complexity of technological
innovations, the technicalities and the technologies’
high degree of uncertainty and unpredictability [6],
the question arises as to how the general public adds
value to the development of technological innova-
tions. In this study, we aimed to obtain more insights
into citizens’ contributions to future nanotechnologies
for healthcare applications. In the following, we will
elaborate on different rationales for public engage-
ment, the role of citizens in the development of sci-
ence and technology and the context of nanotechnolo-
gies for health.

Public Engagement: From Informing to Co-creation

The importance of engaging laypersons in the devel-
opment of science and technology has been recog-
nized for years, but the perspective of why and how
to engage publics has changed [7]. Due to citizens’
increasingly critical views on technological develop-
ments, public engagement started in the 1970s as a way
of informing and persuading the public about techno-
logical developments. This was based on the deficit
model: it was assumed that these critical views towards
science and technology were based on a lack of knowl-
edge. That assumption changed in the 1990s when vari-
ous studies showed that informing or persuading citizens
did not suffice to increase acceptance for technologi-
cal change because the relation between knowledge
and attitude was much more complex [8]. To increase
citizens’ trust in novel technologies and enhance
legitimacy of their governance, a dialogue model was
adopted based on the idea that two-way communica-
tion between science and society would restore this
trust [7, 9]. Although the value of a dialogue between
science and society has been recognized, the debate
on genetically modified organisms (GMOs) in Europe
showed that the crisis of public trust in the technology
was so deep that also the view on restoring citizens’
trust in science and technology started to change [10].
Instead of technocratic governance of technology
and top-down public participation, emphasis was put
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on including societal norms and values in the devel-
opment of science and technology through public
engagement [10].

The emphasis on inclusion of societal norms
and values during the innovation process and the
reflection on potential societal impacts of techno-
logical innovation has been labelled as responsible
research and innovation (RRI) [11]. Public engage-
ment is considered a means to increase legitimacy
of the innovation process and to create more socially
robust innovations. Based on this view, new types of
engagement, such as co-creation and co-production,
have increasingly gained attention by researchers
and policymakers. These types aim for substantial
contributions of citizens when developing innova-
tions [12-16]. The European Commission [12], for
instance, regards public engagement in RRI a means
to “co-creating the future with citizens and civil soci-
ety organizations, and also bringing on board the
widest possible diversity of actors that would not
normally interact with each other, on matters of sci-
ence and technology” (par. 1). Various calls within
the Horizon 2020 programme, the European Com-
mission’s main funding programme for European
research and innovation between 2014 and 2020,
have promoted co-creation with different types of
actors, including citizens [14].

The idea of including different types of knowledge,
other than those of experts, when co-creating tech-
nological innovations has existed for a longer time,
but the focus was mainly on including end-users and
not citizens. For instance, Von Hippel [17] solely
referred to the end-users when he defined his concept
of ‘democratization of innovation’. Similarly, Prahalad
and Raswany [18] and Vargo and Lusch [19] studied
the added value of end-users in the development of
innovations. In these contexts, co-creation is based
on an economic rationale initiated by organizations to
produce goods or services that are more efficient and
effective rather than the creation of socially robust
innovations. Also, in the area of medical research,
end-users have been involved in the development of
health technologies. For instance, patient organiza-
tions were active in shaping the agenda of research in
fields of their concern [7], patients were involved in the
creation of clinical guidelines [20], and care-pathways
were co-created with patients [21]. Although these
studies provide relevant insights in public engagement,
they address a type of public that has a clear relation
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with the technology and can, thereby, provide exper-
tise from a user’s perspective [21]. The affected public
of technological innovations which can have a major
influence on society, such as nanotechnology, can be
every citizen. In order to develop such technologies
in a more socially robust way, as emphasized in RRI,
it is, therefore, not only relevant to engage end-users,
but also citizens.

Citizens and the Development of Science and
Technology

Some scholars have studied citizens’ contributions
to technological innovations and concluded that
involving citizens in the innovation process has
the potential to create more benefits than simply
enhanced inclusion and accountability. Although
citizens might not understand all technicalities of an
innovation, they are able to formulate their needs,
define conditions for use, and understand the inno-
vation’s potential societal impact [13, 14, 22-24].
For instance, Lehoux et al. [24] found in their study
on future health technologies that citizens were
able to define the context in which the technologies
should be implemented. Citizens emphasized that
the technologies should be embedded in professional
care and that individual freedom and privacy should
be protected [24].

Furthermore, citizens can provide novel insights
into research and innovation since they may differ in
their perspectives from experts. Repo and Matschoss
[25] found in their comparison of experts’ and citi-
zens’ vision of the future European research priorities
that both groups approach the future from largely dif-
ferent perspectives. Citizen participation could, there-
fore, potentially disrupt traditional research and inno-
vation agendas and challenge conventional practices
that rely on established norms defined by experts. For
instance, in a European Horizon 2020 project CIM-
ULACT, citizens were able to give unique input to
the EU research and innovation agenda by defining
their visions and desirable futures [13]. Additionally,
issues that might hamper the acceptance of an innova-
tion can be identified, because citizens tend to be both
more precautionary and more cautious than experts
regarding the potential personal, social and environ-
mental consequences of innovations [26].

Although the studies provided insights in the
added value of engaging citizens in the development
process of science and technology, a more systematic
analysis of how citizens can contribute is lacking.
Since citizens have different perspectives than experts
and add novel insights to the process, it is important
both from a practical and scientific point of view to
get a better understanding of the nature and character-
istics of citizens’ contributions.

The Context of Nanotechnology

Nanotechnology provides an interesting context for
studying citizens’ contributions, as it is considered
a promising technology, but its impact on society is
unpredictable [6, 27]. Due to its potential impact on
society, it has become the leading field for activities
and discussions about RRI [3]. Nanotechnologies act
as the basis for technology solutions across a range
of industrial and societal challenges [28]. In the con-
text of health, these solutions include new therapeutic
interventions, new ways of monitoring health, new
ways of diagnosing diseases, and personalized and
targeted medicines. Although many products already
contain nanoparticles (e.g. transparent sunscreen,
scratch-resistant coatings and water-repellent cloth-
ing), innovations that might radically change our
society are still in their developmental phase. These
innovations are often disconnected from the people
who will be affected by them because they are being
developed in laboratories and other secluded arenas
[29]. Hence, there is a need to engage the public in the
development and implementation of nanotechnologies.

Although insights and knowledge have been col-
lected on public engagement exercises in the field of
nanotechnology [3, 27, 30, 31], little attention has been
paid to understanding the outcomes of these initiatives
for the research and development of specific nanotech-
nologies [30]. Various studies have provided lessons
learned regarding the organization of public engage-
ment initiatives about nanotechnology. Dijkstra and
Critchley [30], for example, emphasized that delibera-
tions about nanotechnologies should include the poten-
tial risks and benefits of their applications, because
publics find both aspects important. Wickson et al. [31]
emphasized the diverse nature of nanotechnology and
stated that public engagement activities should focus on
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specific applications rather than on nanotechnology in
general. Delgado et al. [27] advocated more upstream
engagement activities, where empowered citizens pro-
vide input to the development of nanotechnologies.
However, the authors warned that public awareness
of nanotechnology is low. Therefore, they argued that
engagement with citizens should be initiated by actors
involved in nanotechnology (e.g. government, research,
civil society organizations) and that citizens should
be informed through visions or scenarios about future
applications of nanotechnology [27]. While these find-
ings provide relevant input for the setup of engagement
exercises, there is a need to focus on the outcomes of
public engagement and their (potential) effects on the
development and implementation of the science or
technology at hand [1, 32].

Research Question

In this study, we aim to gain insights into citizens’
contributions to the development of nanotechnolo-
gies for healthcare applications. We are interested
in the aspects citizens could give suggestions to
and the values underlying these suggestions. Within
the context of health, some scholars have differ-
entiated multiple aspects of technology develop-
ment to obtain a better understanding of people’s
potential experiences with the technology. These
aspects include the ‘design’ connected to the arte-
facts of the technology, ‘development’ connected
to the developmental process of the technology,
‘implementation’ connected to how the technology
is implemented and how the actors are involved in
this process and ‘utilization’ connected to the aims
of the technology and how it is being used [33,
35]. These four aspects correspond with the tech-
nological innovation system (TIS) perspective on
technologies, which approaches innovations as a
socio-technical system and focuses on the activi-
ties in the development, diffusion, and utilization of
new technologies [35]. In this study, we use the four
aspects of design, development, implementation
and utilization as an analytical framework to obtain
a better understanding of citizens’ contribution to
the development of nanotechnologies for healthcare
applications.

Furthermore, to understand how citizens con-
tribute to the development of nanotechnologies, we
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analysed the underlying values. Most approaches to
RRI emphasize that to be responsible, research and
innovation need to address societal needs and chal-
lenges, anticipate potential problems and reflect on
underlying values [36]. Porcari et al. [37], who devel-
oped a roadmap for RRI, identified typical moral val-
ues that are important for research and innovation,
such as autonomy, freedom, dignity, privacy, justice,
well-being and responsibility.

Method
Design

This study addresses citizens’ contributions to the
development of nanotechnology in a systematic
way, by analysing to what technology aspects citi-
zens are able to contribute to and based on what
values. Eight extensive focus groups, which lasted
approximately 6.5 h each, with six to seven par-
ticipants per focus group, and a total of 50 par-
ticipants, were organized in the Netherlands. The
focus groups were organized as part of the Euro-
pean Horizion 2020 project GoNano. Following
the insights of Wickson et al. [31], who stated that
public engagement activities should focus on spe-
cific applications rather than on nanotechnology in
general, we selected future health applications of
nanotechnology as input for the focus groups. The
focus groups were moderated by trained profes-
sionals, and the setup of the sessions was derived
from design-thinking methodology. This methodol-
ogy included four phases of exploration, ideation,
prototyping and reflection, which, together, foster
creativity and promote integration of different types
of knowledge [38, 39]. In the exploration phase,
participants get to know each other and the topic.
The ideation phase stimulates generating new ideas,
which are further developed in the prototyping
phase. In the reflection phase, participants reflect
upon the output and process.

Future Applications of Nanotechnology
Based on a literature review and five interviews with

Dutch experts from various sectors (a director of
a research institute on nanotechnology, two senior
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policy advisors from the Ministry of Health, a senior
advisor of a CEO of a technological start-up, and a
head of innovation of a CSO), three of the most prom-
ising nanotechnologies in health were selected. These
technologies included (early-) diagnostic devices,
sensor technology for monitoring diseases and regen-
erative medicines. Furthermore, several application
contexts were defined, including the detection and
treatment of cancer, monitoring and treatment of dia-
betes and preventive healthcare. Based on the technol-
ogies and the applications areas, three future scenar-
ios that can unfold in 2030 in the healthcare context
were developed (see Appendix). These scenarios were
written up as short stories (265-333 words) and illus-
trated with cartoons. They were distributed to the par-
ticipants one week before the session and at the start
of the focus groups. The use of scenarios follows the
research of Lehoux et al. [24], who studied the pub-
lic’s perception of the relationship between responsi-
bility and prospective health technologies by means of
scenarios.

Instrument

The focus groups were divided in several phases
related to the design thinking methodology. First, the
participants were asked to respond to future applica-
tions of nanotechnologies for health that were pro-
vided through the scenarios. This corresponded with
the exploration phase of design thinking, and par-
ticipants became familiar with the technologies. Sec-
ond, the participants were asked to give specific sug-
gestions for the applications that were mentioned in
the scenarios, which corresponded with the ideation
phase. Third, based on the suggestions of the previ-
ous sessions, the participants had to design their ideal
technology, which was the prototyping phase. Fourth,
the participants were asked to reflect on the input
given in the previous phases and to formulate mes-
sages for various stakeholders involved in the devel-
opment of the technologies. The aim of these phases
was to gain insights into the needs and values of citi-
zens and to collect new suggestions for the develop-
ment of future health nanotechnologies.

Participants

Dutch citizens (non-experts), who lived in different
areas in the Netherlands, who were of different ages,

mostly highly educated, and who were represented
by an almost equal number of men and women, par-
ticipated in this study (see Table 1). The participants
were recruited through leaflets in public places, social
media posts and news items on websites of various
health organizations and through diverse networks of
the researchers. Initially 55 participants signed up to
participate in the study, but 5 participants cancelled
last-minute. The participants were divided into eight
groups based on their demographic characteristics,
with the aim of creating diverse groups.

Analysis

Seven focus group sessions were recorded and tran-
scribed. One session was not recorded due to a fail-
ure of technology, but the moderator took extensive
notes. The transcripts consisted of discussions about
the scenarios, messages to stakeholders and explana-
tions of the ‘ideal technology’.

Coding was conducted by the first author and con-
sisted of two rounds. In the first round, the technology
aspects to which the participants provided suggestions
for were coded. These aspects were derived from the
literature [33, 34] and included design, development,
implementation and utilization. During the coding,
it became clear that in addition to these four aspects,
suggestions were given to two other aspects: ‘embed-
dedness in healthcare system’ and ‘communication
about the technology’. Comments about the embeddedness
of technology in the healthcare system were both

Table 1 Participant characteristics

N Percent

Gender

Male 27 54

Female 23 46
Age

18-24 7 14

25-34 17 34

35-49 8 10

50-59 9 18

60+ 9 18
Education

Low (primary education, secondary 0 0

vocational education)
Middle (high school) 6 12
High (university, applied university) 44 88
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about the context (system) in which the technologies
were being developed and how the technologies could
change the system. Comments regarding communica-
tion about the technology were about providing infor-
mation and educating citizens about the technology.
Furthermore, the participants did not discuss for which
aims the technologies could be used, which would be
the ‘utilization aspect’, but focused on whether they
wanted to make use of the technologies. Therefore, we
changed ‘utilization’ into ‘use’ (see Table 2).

The unit of analysis of the codes was the whole
text part from the transcribed discussion of a par-
ticular focus group session that referred to a particu-
lar technology aspect. These text parts consisted of
three to 20 sentences and were both based on input
from one participant or multiple participants within
one focus group session. In total, 328 text parts were
coded that referred to a particular technology aspect.

In the second round, the values to which the sugges-
tions on the technology aspects could be connected to
were coded. They can be seen as the underlying motives
for the suggestions. The values were inductively coded
and included well-being, autonomy, privacy and secu-
rity of data, accessibility, affordability, safety and health
(see Table 2). The unit of analysis was every text part
that referred to a particular value, which was between
one and five sentences. Those text parts co-occurred
with a larger text part that referred to a particular tech-
nology aspect. However, not every text part referring to
a technology aspect contained a reference to a value. In
total, 301 text parts were coded that referred to a value.

To indicate measurement consistency, inter-coder
reliability was based on 10% of the corpus. One
round of coding was conducted with a social sciences
researcher who was not involved in this study. This
resulted in a good and moderate agreement (Cohen’s
kappa) on the two coding categories (see Table 2).

Results

The results are based on all the contributions from the
focus group sessions, without connecting them to the
specific phases of the focus groups.

Aspects of Nanotechnologies

The participants gave feedback on the six distinguished
aspects of the nanotechnologies: implementation, use,
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system, development, design and communication (see
Table 3), with the main emphasis in all eight focus
groups being on the implementation of nanotechnolo-
gies and the use of these technologies. Moderate atten-
tion was given to suggestions on the healthcare system
and the development of nanotechnologies, and the least
emphasis was placed on the design of nanotechnolo-
gies and communication about nanotechnologies.

When discussing the ‘implementation’ and ‘use’ of
nanotechnologies, the participants mainly referred to
monitoring and diagnostic devices. Three main sub-
jects were associated with the implementation aspect:
(1) who should operate the technology (e.g. health
professionals or citizens themselves), (2) accessibil-
ity to the technology (e.g. everyone, voluntary access
and frequency of access), and (3) how health data
should be managed in relation to privacy and secu-
rity. These subjects often related to the participants’
concerns about a decrease in well-being. When the
participants referred to the ‘use’ aspect of the tech-
nologies, they often discussed whether they wanted
to use the technologies from their own perspective. In
this regard, the fear that the technologies would have
a negative influence on well-being was mentioned.
Additionally, some, but fewer, references were made
to how the technologies could improve their health
and whether the technologies were safe to use.

The participants referred to ‘embeddedness in
the healthcare system’ and ‘development’ of nano-
technologies when they mentioned criteria to be
taken into account to make future healthcare and
health technologies acceptable. Discussions about
the healthcare system were often related to the pos-
sibility of transforming the system from treatment-
based healthcare to preventive healthcare. The par-
ticipants agreed that keeping healthcare affordable
and, therefore, accessible to everyone should be the
main motivation. In relation to the development of
nanotechnologies, the participants discussed cri-
teria to be taken into account by researchers and
businesses. The participants emphasized that in the
developmental process, these actors should focus on
the potential societal implications of the technology,
the safety of the technologies for the environment,
the use of the technology and the data generated by
the technology.

The participants provided also suggestions for the
design of and communication about nanotechnolo-
gies. The contributions that were given regarding
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Table 2 Codebook

Category

Cohen’s kappa Code

Description

Aspects of
the tech-
nology

Values

0.94

0.68

Development of the technology

Design of the technology

Implementation of the technology

Use of the technology

Communication about the technology

Embeddedness of the technology in
the healthcare system

Well-being

Autonomy

Privacy and security of data

Affordability

Accessibility

Safety

Health

About future technologies or technological directions that might
or could be developed/ethical aspects of the development of
technologies/references to research/and advice or messages to
developers and/or researchers

Suggestions or comments about the design of a specific
technology, reading device or interface of a technology/
comments about possible features and settings of a
technology and its reading device/explanation of the
design of a ‘new’ or ‘ideal’ technology

How the technology could be implemented/how different
stakeholders are included in the care loop and who will
operate the technology/where the technology will be used
or can be purchased/frequency of use of the technology
(yearly, daily)/whether the technology is prohibited or not/
and who will pay for it

Only about intentions or attitudes regarding the willingness
to use or not to use the technology, and argumentation or
motives for the intention/influence of use of the technology
on well-being/often described from an individual perspective

Suggestions related to communication and education about
the technology on an individual level, organizational level
and societal level

Comments on the healthcare system and regulatory framework:
how the healthcare system regulations should be changed if
the technology were to be implemented or how the technology
could change the healthcare system/often connected to the role
of the government and insurance companies in the healthcare
system/described on a generic level

Whether the technology increases or decreases well-being (a
state or condition of happiness), including whether the use
of it leads to stress and anxiety

Whether the technology provides self-determination over the
body and ownership of data and whether (potential) users
have the freedom of choice in using the technology

Whether the technology collects and stores data and whether
it provides possibilities for sharing data in a secure and
safe way

Whether the technology is affordable to purchase and other
financial aspects related to the technology and the healthcare
system

Whether the technology safeguards or enhances accessibility
to healthcare and health or whether it leads to polarization
(poor vs. rich, old vs. young, digital skilled vs. unskilled)

Whether the technology is safe to use, including the interpretation
and reliability of data and potential harmful consequences

Whether the technology improves (physical) health, including
treatment of diseases
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Table 3 Frequency of coded the text parts that refer to technology aspects

Aspect

Frequency

Ilustrative quote

Implementation 101

Use 92

System 55

Development 47

Design 23

Communication 10

“I get the impression that these monitoring and diagnostic devices lead to self-medication, which I
dislike. There are so many people who are not able to do this, so we should ensure that a medical
professional operates the technologies.”

“I believe that I would live constantly in fear about my health if I were to use such a monitoring
device. You never know when an anomaly will be detected. This also relates to the reliability of the
technology. How do you know for sure that the data are measured in a reliable way?”

“Imagine if everyone were to make use of these monitoring and
diagnostic devices. It would probably place a huge burden on the healthcare system, both financially
and in terms of labour, as all these people would go to a health professional in case of bad results.”

“When developing these technologies, researchers should take into account the human dimension.
People should not be treated as ‘objects’ that need be cured but as human beings. This will enhance
societal acceptance.”

“I would find it much more logical if the monitoring device were to only give a signal if something
were wrong, and thereby would not continuously focus attention on your health. But this is more of a
technical solution, of having the sensors in your body, but not being continuously aware of them.”

“I don’t think we can stop these technological innovations. Therefore, I believe we should educate and
inform citizens, in order to prepare them for making decisions about the use of these technologies.”

the design aspect mainly related to the reading of the
monitoring and diagnostic devices on which the data
would be displayed. The participants connected their
suggestions to an increase in well-being (i.e. a design
that prevents being constantly aware of health data)
and safety (i.e. little room for misinterpretation and
ambiguity in reading the data). Suggestions about the
communication aspect were about how to inform and
educate the general public about the nanotechnolo-
gies. These suggestions mainly involved increasing
societal acceptance and empowering citizens in mak-
ing informed decisions about whether to make use of
the technologies.

Table 4 Co-occurrence of technology aspects and values

Technology Aspects and Underlying Values

To get more insights in the content of the partici-
pants’ contributions to the technology aspects, we
analysed for the values related to these aspects.
The participants mentioned various values in the
context of future nanotechnologies, including well-
being, autonomy, privacy and security, affordabil-
ity, accessibility, safety and health. These values
were mentioned across various technology aspects,
but some values were more often stated in rela-
tion to a particular aspect than other values (see
Table 4).

Values Well-being Autonomy  Privacy+security  Affordability Accessibility Safety Health
Aspects

Implementation 16 28 20 9 18 9 10
Use 34 12 8 7 8 13 13
System 2 11 9 19 8 2 5
Development 2 2 4 3 2 6 2
Design 7 2 0 0 4 0
Communication 0 3 0 0 0 0 0
Total 61 59 43 38 36 34 30
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Well-being

Well-being was most frequently referred to in the
focus groups, and it was mainly related to the use
aspect and, to a lesser extent, to the implementa-
tion aspect of monitoring and diagnostic devices.
Regarding the early diagnostic devices, a number
of participants were concerned that insights into
the high risk of diseases in an early stage would
negatively affect their well-being. Therefore, they
doubted whether they wanted to make use of such
a device. This was especially the case for diseases
for which no cure has been developed yet (e.g.
Alzheimer’s disease). Additionally, a majority of
the participants thought that diagnostic devices
that have to be operated by patients at home could
lead to stressful situations, as citizens might not
know how to deal with negative outcomes. A few
participants compared the devices to a home-test
for sexually transmitted diseases (STDs), which
are already on the market, but which they did not
want to use, because they are afraid of the out-
comes. The participants suggested that when
implementing the technology, the health pro-
fessional should operate the diagnostic devices
because he/she can provide mental care and solu-
tions for a treatment plan in case of negative
outcomes.

When discussing monitoring devices, almost all
the participants agreed that they disliked the idea
of being constantly aware of generated health data.
They thought that even though awareness of health
data could lead to a better lifestyle and, therefore,
improve their health, it would negatively influence
their well-being. Hence, they were hesitant to make
use of the devices. One of the participants stated, “I
wouldn’t want to use it, I would go mad if I would
be aware of my health every day” (Respondent 4,
Group 2). A suggestion was made to design the
monitoring device in such a way that users would
only obtain a signal when an anomaly was detected.
Various participants compared the device with news
apps, which give push messages in case of impor-
tant news events. Additionally, some participants
suggested implementing monitoring technologies
in such a way that the data generated by the tech-
nology would be linked to a reading device that is

operated by a health professional who interprets the
data and informs the user.

Autonomy

Autonomy was often referred to in relation to the
implementation aspect, as well as to the use and
system aspects. Several participants emphasized
that freedom of choice in using nanotechnologies
for health should be safeguarded at all times. Oth-
ers challenged this notion by making a comparison
with vaccinations and thought that some technol-
ogies should be made mandatory if public health
would be in danger. These aspects relate to the
implementation of nanotechnologies. The debate
about freedom of choice arose from the fear that
the government or health insurance companies
could force the use of early diagnostic and monitor-
ing technologies to transform the healthcare system
from treatment-based care to preventive health-
care (system aspect). One participant, for example,
stated, “these technologies might potentially lead
to an unjust society, where the insurance company
can decide what you need to do” (Respondent 3,
Group 4).

Furthermore, autonomy was mentioned in rela-
tion to the implementation aspect of monitoring
and diagnostic devices. Some participants thought
that it would be a good development if citizens had
more control in using and operating health tech-
nologies, since it would provide them with more
autonomy. The participants made a link to preg-
nancy tests, which they said empowered women.
Others thought that citizens’ autonomy in operat-
ing health technologies should be limited and that
the health professional should be included in the
care loop, for the sake of citizens’ well-being (less
awareness of health data) and to prevent misinter-
pretations of data.

Privacy and Security of Health Data

Additionally, the privacy and security of health data
were mainly linked to monitoring and diagnostic
devices in relation to the implementation, the sys-
tem and use aspects. Many participants were afraid
that the data generated by these devices would be
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shared with health insurance companies, who could
take advantage of the data to adjust their premiums
(system aspect). An illustrative comment made by
one of the respondents was that “I believe it [the
monitoring device] is very sensitive for privacy
issues. What if health insurance companies will pay
the producers of the device and will get access to
the data? Who will safeguard this?” (Respondent 1,
Group 1). Some participants made an analogy with
the electronic patient record, which has a contro-
versial history in the Netherlands. The participants
brought up that when developing monitoring and
diagnostic devices, developers should ensure that
the data are collected and stored in a secure way.
Additionally, when implementing the technology,
the government should ensure that citizens own
their data themselves and can decide whom to share
it with.

Affordability

Every participant emphasized that the technolo-
gies should be affordable for everyone, and this
value was often mentioned in relation to the system
aspect. For instance, the possibility of transform-
ing the healthcare system from treatment-based
healthcare to more prevention-based healthcare
with monitoring and diagnostic devices was dis-
cussed and whether this would decrease or increase
the financial burden. Some participants argued such
transformation would decrease costs, since diseases
would be diagnosed at an earlier stage and the life-
style could be better adjusted. Other participants
thought that such a transformation would make
healthcare more expensive, because people would
become more aware of their health. Building further
on this discussion, the participants emphasized that
an important criterion for using nanotechnologies is
whether they safeguard or increase the affordability
of healthcare.

Accessibility
Many participants emphasized that health tech-
nologies should be accessible for everyone and

should not lead to polarization in society, which
was mainly related to the implementation of
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nanotechnologies. The participants feared poten-
tial polarization in two domains: rich versus poor
and digitally skilled people versus people who are
not digitally skilled. When implementing expensive
technologies such as regenerative medicines, the
technologies should be available to everyone and
not only to the rich. Some participants compared
the new technologies with donor organs and argued
that in the case of limited availability, access to
regenerative medicines should be decided based
upon health indicators and not based upon financial
means. Furthermore, a number of participants were
afraid that monitoring and diagnostic devices that
required the skills of people to read and interpret
the data might limit access to these technologies
for less educated and less digitally-skilled people.
Therefore, the participants advocated including the
health professional in the care loop when imple-
menting the device. One of the participants argued
that “you need to have a certain level of intelli-
gence to understand the data provided by this tech-
nology. A general practitioner can give you a clear
consultation based on the data, but the technology
itself can’t” (Respondent 3, Group 2).

Safety

Safety was less frequently mentioned. When the
participants referred to safety, they often related it
to the use and implementation aspects. They dis-
cussed whether it was safe for their health to use
monitoring and diagnostic devices, as they were
afraid that the data would not be reliable or could
lead to misinterpretations. Some participants there-
fore thought it was safer to implement the devices in
a healthcare context. An illustrative comment about
this value is the following: “I believe research-
ers should take into account the reliability issue of
data. Citizens don’t know how to deal with this”
(Respondent 1, Group 4). Additionally, the partici-
pants had doubts about the safety of using regenera-
tive medicines, because they had little knowledge
about them. One participant said, for example, “per-
sonally, I wouldn’t make use of it because you don’t
know what the risks are. Before bringing such a
technology [regenerative medicines] to the market,
you need to have more knowledge about the risks”
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(Respondent 6, Group 2). The participants also
were concerned about the impact of nanotechnolo-
gies on the safety in relation to the environment,
and they emphasized that nanotechnologies should
be developed in an environmentally-friendly and
sustainable way.

Health

The participants also hardly mentioned ‘health’ as
a value. When the participants referred to health, it
was mainly related to the use and implementation of
monitoring and diagnostic devices and connected to
preventive healthcare. Some participants hesitated to
make use of these devices, as they doubted whether
the use would improve their health. The participants
feared that people would only rely on the technol-
ogy and no longer on their intuition. One of the par-
ticipants made a comparison with navigation systems:
“It is similar to navigation systems that calculate
your route, and we just blindly follow the instruc-
tions” (Respondent 2, Group 1). Others saw clearly
added value of the technologies for their health. One
respondent said, “a focus on preventive health seems
really valuable to me, you know immediately when
something is wrong and can anticipate” (Respondent
2, Group 2).

Discussion

We summarize and interpret the main findings of
this study below. Subsequently, we address the limi-
tations of the study and propose directions for future
research. The section ends with the implications and
recommendations that follow from our findings.

Main Findings

In the extensive focus groups on nanotechnologies
for healthcare applications, the participants delib-
erated on a broad range of technology aspects.
The participants provided most suggestions on the
‘implementation’ and ‘use’ aspects. When refer-
ring to these aspects, they often imagined them-
selves as users of the nanotechnology applications.

They argued whether they wanted to make use of
the technologies or not (use aspect) and defined
the circumstances and conditions under which they
were willing to use them (implementation aspect).
Furthermore, the participants substantially con-
tributed to the ‘embeddedness of the technology in
the system’ and the ‘development’ aspects. When
they discussed these aspects, they related them to
the consequences nanotechnologies might have for
society as whole. This shows that the participants
were not only able to imagine the consequences
of nanotechnologies for their personal life, but
that they are also able to comment on a higher
level of abstraction. Less attention was given to
the ‘design’ and ‘communication’ aspects. The
design aspect was mainly connected to technologi-
cal artefacts. Although the participants were able
to provide some suggestions on how to design the
interface of monitoring devices, they hardly dis-
cussed other technical aspects of nanotechnolo-
gies. This might be due to their lack of knowledge
about nanotechnology, which was also discussed
in relation to the communication aspect, when
the participants addressed the need for informa-
tion and education about the working principles of
nanotechnologies.

The suggestions on the technology aspects were
based on a number of underlying values. When
looking at these values, all the values were sub-
stantially referred to, but the frequency of the val-
ues differed per technology aspect and was mostly
based on the participants’ concerns. Regarding
the implementation aspect of nanotechnologies,
autonomy and privacy and security were most
often referred to. The participants emphasized that
freedom of choice should always be provided in
using nanotechnologies for health and that users
of technologies that generate health data should
have ownership of their data. Also, when refer-
ring to the communication aspect, the participants
emphasized the importance of autonomy. In rela-
tion to the use and design aspects, well-being
was mentioned the most. The participants wor-
ried that using monitoring and diagnostic devices
might lead to continuous awareness of health indi-
cators. They came up with a number of design
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suggestions to prevent this continuous awareness
and to increase well-being. Affordability of health
technologies was an important value in the con-
text of the system aspect, as the participants had
concerns regarding the financial burden the tech-
nologies might place on the system. With regard
to the development aspect, ‘safety’ was mentioned
the most. The participants emphasized that devel-
opers of nanotechnologies should make sure that
these technologies are safe to use and safe for the
environment.

Interestingly, most of the suggestions were given
in relation to monitoring and diagnostic devices.
The participants found it much easier to understand
the working principles of these technologies and
were better able to relate them to their own lives
than they did to the regenerative medicines. When
discussing monitoring and diagnostic devices, the
participants made various analogies with existing
technologies that they were familiar with, such as
the benefits and negative aspects of pregnancy tests,
electronic patient files, navigation systems and
vaccinations.

Theoretical Implications

Our research shows that citizens can valuably con-
tribute to the development and implementation of
technological innovations. Although some schol-
ars have already emphasized the added value of
citizens in the development of technologies [I,
12], they have mainly emphasized that citizens
are able to judge the acceptability and desirability
of potential consequences. Our study shows that
citizens are able to give specific suggestions to a
variety of aspects of technologies, including their
use, implementation, embeddedness in the system,
development, design and communication about the
technologies. This shows that citizens are able to
judge the effects of the technologies on different levels
of abstraction: the consequences of the technologies
for their personal life as well as the consequences of the
technologies for society.

Furthermore, by distinguishing the different
technology aspects, a more systematic picture of the
nature of the citizens’ contributions can be drawn.
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Citizens’ suggestions of the nanotechnologies were
mainly based on their concerns regarding these
technologies and could be related to a number of
underlying values. The importance of these values
differs per technology aspect. Previous studies have
examined citizens’ input regarding nanotechnolo-
gies in different contexts, but often stick to tradi-
tional promises about progress and risk discourses
[4]. For instance, several studies have addressed
citizens’ risks perceptions regarding nanotechnolo-
gies, often in relation to safety and health [e.g. 30,
40-43]. These studies thereby ignore the reflection
on broader ethical and social impacts of emerging
technologies, as well as nuances in how citizens
position themselves with regard to these technolo-
gies [4]. Our study provides a good insight in the
capacity of citizens to reflect on the broader soci-
etal impacts of nanotechnologies and also provides
a nuanced picture of citizens’ perceptions, beyond
accepting or rejecting nanotechnologies and their
applications. As such, it provides a framework to
approach nanotechnologies in a multi-dimensional
way, based on different technology aspects, which
can be used to set up and analyse citizen engage-
ment activities.

It should be noted that, although participants
were able to contribute to future nanotechnologies in
health, their ability to provide suggestions differed per
application. The participants mainly provided sug-
gestions on technologies that they could relate to in
their daily lives, and they used analogies with exist-
ing technologies to do so. These findings are in line
with previous studies, which indicate that citizens use
analogies with familiar objects, notions and technolo-
gies as a sense-making strategy [44, 45]. However,
as Schwarz-Plaschg [46] noted, analogies are not just
used for sense-making but are also a rhetorical strat-
egy used by citizens to strengthen their suggestions
and arguments.

Limitations and Future Research

Some limitations of this study must be taken into
account. First, the participants were predominantly
highly educated. While the participants were able
to give their suggestions on different aspects of
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nanotechnologies, less educated participants might
have had more difficulties in doing so. Second,
the sample consisted of 50 participants, who were
equally divided based on age, gender and (rural/
urban) living area. However, there are other varia-
bles that could also influence participants’ opinions.
Jasanoff [1] reminded us in her essay that there is
no such thing as the ‘public’, which we should be
aware of when generalizing results. Nevertheless,
the qualitative research setting of this study with
50 participants divided over eight groups provides
a great number of participants to draw conclusions
from. Third, the participants had little knowledge
about the discussed nanotechnologies, which is why
we used scenarios to inform them about these tech-
nologies. Different characteristics of the technolo-
gies were highlighted in the scenarios, but it is dif-
ficult to formulate the scenarios in a totally neutral
way, and this may have influenced the discussions.
Nevertheless, the participants were free to choose
the focus of the discussions and selected the issues
they wanted to discuss themselves. The descrip-
tions of the scenarios can be found in the Appen-
dix. Fourth, while this study gave clear insights in
the characteristics of citizens’ contributions in the
development of nanotechnologies for health, it did
not assess how these contributions influenced the
actual development of these technologies. The ques-
tion of how citizens affect science and their agency
in technology development was beyond the scope of
this study. The EU Horizon 2020 project GoNano,
in which our study was conducted, took into
account the broader processes of science and tech-
nology development. For instance, the outcomes of
these focus groups were mentioned in policy briefs
and were used as input for co-creation sessions with
stakeholders [47]. However, the project did not
reflect upon the role and agency of citizens and it
would be interesting for future research to study and
reflect on the bigger system and power structures
that allow or prevent citizens from contributing to
actual science and technology development.

Conclusion

In an open discussion about nanotechnologies for
health applications, citizens were able to provide

suggestions for a variety of technology aspects,
including the implementation, use, design, system,
development and communication aspects. Citizens’
contributions were mainly based on their concerns
regarding the potential consequences of the nano-
technologies. They were able to assess potential
consequences and define suggestions for solving
these, on different levels of abstraction, includ-
ing the personal, societal, and to a lesser extent,
technological level. The underlying motives of
the concerns and suggestion were based on vari-
ous values, such as well-being, autonomy, privacy,
affordability, safety and health. The importance of
these values differed per technology aspect. Our
study shows that citizens can provide valuable con-
tributions to the development and implementation
of emerging technologies at an early stage. Citi-
zens are able to approach these technologies in a
multi-dimensional way. Hence, when designing,
developing and implementing nanotechnologies
for health, involved actors, such as policymakers,
researchers and CSOs could include citizens as
valuable partners in identifying potential users’ and
societal concerns and collecting suggestions for
addressing these concerns. When setting-up citizen
engagement activities, it is important that the nano-
technologies are presented in a way that citizens
can relate to them, which goes beyond the mere
technological aspects of the technologies. This
could be done by making analogies with existing
technologies.

Appendix. Scenarios focus groups

The scenarios below were created by the Danish Board
of Technology Foundation in collaboration with the
authors of this article as part of the EU Horizon 2020
project GoNano. More information can be found in the
project’s deliverable 3.1.!

! Bitsch, L. (2018). Deliverable 3.1 of the GoNano pro-
ject: R&I production for pilot studies. Retrieved from: http:/
gonano-project.eu/wp-content/uploads/2019/01/D3.1-RI-
background-production-1.pdf

@ Springer


http://gonano-project.eu/wp-content/uploads/2019/01/D3.1-RI-background-production-1.pdf
http://gonano-project.eu/wp-content/uploads/2019/01/D3.1-RI-background-production-1.pdf
http://gonano-project.eu/wp-content/uploads/2019/01/D3.1-RI-background-production-1.pdf

224 Nanoethics (2021) 15:211-227

Scenario 1

MONITORING FOR (UN)HEALTHY CONTROL?

Sofia turns off the alarm clock, yawns and finally sits up. Time to get up. She turns off the flight mode on her
phone, turns on the Bodysensor app and holds her breath for a few seconds as it updates. Then she sighs. No
signs of cancer. Yet. Time to wake up the kids. Since they installed nanorobot sensors in her breasts it has
become a daily routine for Sofia to check the Bodysensor app first thing in the morning. Her mother died of
breast cancer seven years ago. Apparently Sofia is also genetically predisposed to develop breast cancer. The
nanorobot sensors were offered to her in order to detect eventual cancer cells as early as possible. As Sofia sets
the table for breakfast, she thinks of her mother. If only her cancer had developed five years later, she would
most likely have survived. Since the development of cancer treatments enhanced with nanotechnology, very few
die from breast cancer, and no-one has to suffer from the terrible side effects of the out-dated chemotherapies
and radiotherapies of the past. Today, they use tiny nanorobots to transport the therapeutic agents directly to the
tumour, so that patients do not need to have their entire body bombarded with chemicals and radiation. Tiny
nanosensors are installed in the breast tissue of cancer patients that kept track of how they react to the treatment.
In this way doctors can make adjustments as soon as it is needed — and monitor any recurrence of tumour cells.
Peter is getting the kids ready. Sofia sits down with a cup of coffee. She looks at her phone and fights the
temptation to check the Bodysensor app. The app is her safety net, but also a daily reminder that one day the
figures might not be as she hoped. And what if the app doesn’t detect everything? What if someone hacks into
her phone and changes the settings or reads her data? Before the nanosensors were installed, Sofia didn’t think
much about cancer. Now she thinks about it all the time. Peter comes in with the kids, and they all sit down to
have breakfast. Sofia is grateful to be alive.

Scenario 2

SMELLING DISEASE

John is sitting in front of a computer at the pharmacy for his yearly health check-up. The yearly check-up is
mandatory for everyone above the age of 30. On the computer screen in front of him, he has a view of a doctor
sitting in front of a desk looking into a computer screen. On John’s side of the screen there is a mechanical
device that looks a bit like a nose. An assistant cleans the noselike device and asks John to open his mouth and
take the device into it and blow his breath back and forth for a minute. The artificial nose can detect many types
of disease. It takes 15 minutes for the doctor to return with the test results. As he waits, John speculates about all
the different types of diseases he might have — hasn’t he been a bit more tired lately, and what about the other
day when he suddenly couldn’t remember the name of one of his colleagues? He is scared be might be
developing a mental health disorder like dementia or Alzheimer’s disease, or neurological disease like ATS
where your muscles slowly die. Imagine not knowing when or how the disease would develop. John knows that
medications today are much better than they used to be — but what was it he read the other day, about some
medications only working well for some people and not for others? Was it that people of African descent who
had the worst coverage with the new medications? The doctor returns to the screen. John’s stomach is twisted up
in a hard uneasy knot as he waits for the news. John is fine.
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Scenario 3

DOCTOR AT HOME

Sofia is sitting on the toilet in her bathroom at home. She is opening the package of a new home test for diabetes.
The test is a needle with a nanochip. She will need to prick her finger to provide a blood drop for analysis on the
nanochip. The chip can immediately detect if Sofia suffers from diabetes 1 or 2. Recently, Sofia has felt very
tired and thirsty and she constantly had to go the toilet. She searched online to check her symptoms and ended up
on a webpage about diabetes. The website also described different treatment options. One option is a small
wearable device developed using nanotechnology. This device constantly measures the level of insulin, and
injects extra insulin when needed. Another option is to create new beta cells in the body. With diabetes type 1,
beta cells in the body stop working. Using nanotechnology. doctors are able to create new beta cells from stem
cells, and place those in the body. No other medication is needed. Sofia considers her situation. She is already
happy the home test for diabetes was cheap and easy to buy. Since health insurance does not cover check-ups at
the general practitioner anymore, home tests are very useful. She is a little uncertain about using the needle to
prick her finger. What if she has diabetes? What treatment option would she choose? She imagines having to
carry around a small device for the rest of her life. What if it breaks down or has errors? How would she know
she was getting the right amount of insulin? The beta cells created from her own stem cells would cure her
diabetes. She would never need to think about it again. But her insurance does not cover the treatment, and it is
very expensive. She also wonders how her religious community would feel about such a treatment. Would it be
allowed? She takes a deep breath and pricks her finger with the needle.
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