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NAVIGATING IN NANGEHE

PRESENTATION OF NNHGRATED ROADMAP

A lot of nanoproducts are currentfgr sale on the markeand a lot more nanotechnologies are being developed.
Society has high expectatioiwill nanotechnologies offer a solution to modern society's great challenges, such as
the environment, health and quality of lifé®eanwhile, reseaite into nanotechnology is being conducted in a
heterogeneous wayl here are more and more specializations, responsibilities are fragmented and various
interests are at playin short, there is a need to streamline efforts in this fi@dt how?This is themain question

in the research project 'Nanotechnologies for tomorrow's society' (NanoSoc).

The NanoSoc project consists of four interactive exercises:

1.

First, both nanoresearchers and citizens started working with words and colors to try and imagine
different nanofutures, based on divergent and confrontational visions.
Next, panels of scientists and citizens imagined themselves living in these nanofutures, asking themselves
what it would be like.
Subsequently, stakeholder organizations tried, by mearssfofum, to find out how social needs and
concerns can find their way onto the research agenda; the main issue dealt with the organizatien of co
responsibility.
Finally, a method was tested to draw up a roadmap for nanotechnology research. Such a roaethap n
not have the ambition to predict the future, an impossible task in this early stage of the research.
However, in order to adequately prepare for the future, it should assist nanoresearchers in:

0 matching public challenges with available expertise and versa

0 assessing alternative research paths on their feasibility (scientific effectiveness) and desirability

(quality of life);
0 orchestrating all the knowledge and perspectives in a timely manner.

In many ways, the 'NanoSoc' project is an experiment.

(o]

It focuses ora technology that is still in its early stagés those early stages of research, many questions
remain to be answered. What applications should we realize first? How will we handle risks that are hard
to assess? How will nanotechnology reflen society in the future? How will people respond to certain
developments? Especially in light of these uncertainties, it is important to look for procedures that can
help us put together wellounded research agendas for nanotechnology.
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0 The cooperatia betweensocial scientistandnanoscientistalso forms part of the experiment, as their
research cultures clash now and then. When this happens, mutual confidence will become very
important, but first it will have to steadily grow.

o On several occasionsanoscientisthave exchanged ideas withutsiders! On those occasions, it was
never really clear beforehand what both parties could expect from one another. That too is part of the
excitement.

There is a great deal of duality in the opinions of lagirees well as of nanoscientists, regarding developments in

the nanotechnology field. This is a remarkable finding by NanoSoc and, at first sight, does not offer a clear
indication of the direction new technologies should take. In the eyes of many, aetiteatreates a drag on
technological innovation. Yet that does not make it necessarily true. The question is whether those mixed feelings,
when given the chance to explicitly come to the surface, could lead nanoresearchers to innovative ideas. That is
exactly what we have tried to ascertain with NanoSoc. Therefore, discussion forums were organized, in particular
to clarify the argumentation behind these ambivalent reactions. This brochure is an account of what we have
learned from that exercise.

First,a method is presented, by which a group of nanoresearchers and stakeholders made a roadmap for research
into nanotechnologies. This roadmap is only the tip of an iceberg, permanently fed by images of nanofutures in
society (see the chapter about our céizs' panels) and by reflections on the research system and its policy
framework (see the chapter about our stakeholder forum). This iceberg floats on a sea of political, social and
philosophical considerations, relevant when contemplating a responsibl@gement of nanoscience and
nanotechnology (see the last chapter).

BASIC PRINCIPLESAOFOMMON ROADMAP BRESE

Scientific and technological roadmaps originated in the eighties in an industriaixtoout are still used today by
promoters of technical and scientific developments. By means of roadmaps, they give their opinion on
technologies they find desirable, feasible and economically interesting. They list the steps that should be taken in
the field of research and development in order to realize the technology.

One of the more famous roadmaps is tméernational Technology Roadmap for SemiconductdiRS in short.
This roadmap was an important guideline in mietectronics for forty yeardt can be summarized in one
algorithm, Moore's law, which states that the complexity of computer chips will continue to rise exponentially,
while the size and costs will decrease proportionally.

Roadmaps are predictions for the future, yet always connettteah action plan to attain that future. In other

words, they outline what is attractive, enviable and possible. Regularly, authors of such roadmaps start off with
extrapolations based on scientific knowledge and sedonomic trends. Of course, theseearever "objective”
predictions. After all, roadmaps are the result of the perception and imagination of authors, and therefore reflect
their views and interests.
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Roadmaps support communication and decisimaking in the field of research. Putting togettzeroadmap is a
strategically important learning process which contributes to streamlining the multitude of actions and
interactions necessary for research and technological developments. Moreover, a roadmap that is used to share
visions on the future sia useful tool to kindle the curiosity of sponsors.

ELEMENTS IN FAVORAOEUSTOMMADE APPROACH

The ITRS roadmap was unique in the history of technology. Few roadmaps were so unambiguous and have served
as a guideline for innovation for such a long tjraepecially in the microelectronics sector. Now that mitso

evolving into nanoelectronics, and more and more disciplines are converging (nano, bio, info, cogno), such a
straightforward roadmap is no longer conceivable.

At one point, miniaturization wicome to a halt and completely new features and applications for technological
systems will have to be found. To get a better idea of such a road to innovation, simply continuing on the same
technological trends will not suffice. Sogoonomic considettéons will also help to determine the direction in

which these new technologies will evolve. In other words, roadmap designers should not only pay attention to
what is technically possible or economically beneficial. They will also have to take into taocciahchallenges,
expectations and concerns of the general public, and concrete usage situations in which new technologies play a
role.

In any case, this will lead to a multitude of scenarios for the future, as there are no longer clear trends to be
extrapolated with a reasonable certainty. Working with different scenarios does have a disadvantage. The
roadmaps will be less powerful. The number of options will also increase, making it more difficult to get all the
different players on one line. Thatvidy the predictive force of these roadmaps is smaller, they are in other
words more preliminary.

BASIC PRINCIPLESADF'INTEGRATED ROA&SM

As an alternative to existing roadmap exercises, some authors suggest an "integrated roadmap" (Erdmann,
Behrendt,2006; Fleischer et al., 2005). When putting an integrated roadmap together:

e the perspective shifts from technological feasibility to social challenges;
e adiverse group of people participates;

e unintended side effects of new technologies are taken into antou

e not one, but several futures are considered.

According to Fleischer and his colleagues, an integrated roadmap will create a more balanced communication
regarding innovations. Although existing or expected advantages are often emphasized, traditoimahps
sometimes "forget" to mention what is gained and what is lost, who the winners are and who the losers are, or
they consider this information to be irrelevant. This can give outsiders the feeling that facts are being brushed up
or represented in a dhonest way, causing suspicion. In the worst case, they reject the new technology. In other
words, unbalanced communication is only grist to the mill of doomsayers and people with a rich imagination.
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The German philosopher Alfred Nordmanputs forwad the following recommendation when making a
roadmap:

‘| tend to be very critical towards roadmapping exercises because they are toeduemted and thus
import all the problems associated also with our ignorance regarding the future which are égpaca
in the case of a technology that is defined only in terms of its potentials.

o

| would recommend instead an approach that seeks to match an awareness of publically recognize
problems to existing capabilities. "Roadmapping" would then be an eg@fidentifying the missing

steps and trying to evaluate the difficulties they pose. These evaluations could include reflections oh limits
of knowledge and could incorporate concerns of citizens.

There is a particular variant of this, which might be cbieportfolio exercise. Gather together a typical
roadmappingteam and invite people to come up with imagined technical applications to solve some
problem. Then, take these idsaetches/prototypes to various people/groups and ask for their

assessments. (Ber) researchers might comment on their feasibility, consumer groups on their desirability
etc. (if it concerns the ageing population, include members of that group, gerontologists, etc.)

The exercise might lead to a refinement, revision, substitutgection of these prototypical ideas and
then perhaps also to a sense of a "roadmap" that would take us there. | don't know whether this has been
tried before, so it might be a good initiative for your project.'

By way of experiment, the NanoSoc team beganized its own roadmap exercise. This exercise is just the tip of
an iceberg, and its design and execution was based on ideas, questions and concerns that had been put forward
during earlier interactive exercises with citizens and stakeholders (sg#eri'The Iceberg").

Our roadmap exercise is meant in the first place as a communication and learning process. It wants to teach the
actors involved; scientists and civil societyhow to deal with normative and scientific uncertainties linked to
technobgical innovation. Since this learning exercise actually precedes strategic choices made in research
organizations, it is meant to support those choices. The aim of the roadmap exercise is to help the actors involved
in learning how to spot possible altaatives and choices, understand and evaluate them, and gather the necessary
knowledge and viewpoints in time to prepare for the future.

! Prof Dr Alfred Nordmann is a member of the scientific committee of the NanoSoc project
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The NanoSoc exercise distinguishes itself in the following ways from commonly used roadmap exercises:

Common roadmap NanoSoc roadmap
uplots one course for the future; uahelps to see alternatives early in the process;
wderives ideas from the hierarchy of research anlso derives ideas from other segments of
institutions and the trusted research society;
network;

ahelps to prepare for the future;
uiries to predict the future;

The NamoSoc roadmap exercise is based on the following principles:

1. Onthe one hand, we use social problems and challenges as a starting point, and on the other hand we

work with experts that can offer a solution to those problems and challenges, especiallyateses at
the imec and the University of Antwerp.

Alternative routes are examined. In order to find those alternatives, we involve relevant people from
outside the knowledge institutions and traditional partners, who will add their insights, experiandes
expertise. Although assessing and weighing these alternative routes is a process of trial and error leading
to a multitude of opinions and disagreements, the exercise will enable us to better evaluate the feasibility
and desirability of the differerfutures scenarios, making it worth the effort.

Further developing a certain route is not a matter of describing a factual (future) history. After all, we
cannot predict the future. It is a tool to create a reality in a systematic andfawglided manner, tep by

step. At the same time, it is also a tool to orchestrate the efforts of all the actors invglyeth

promoters and (future) users. Therefore, it should not be understood as a strictly linear exercise.
Reverting back to an earlier phase can be uisafid/or necessary. A roadmap can indicate what

guestions or problems (uncertainties) are up for discussion, in what stage of the research and
development, and which actors can contribute. A roadmap can structure the input of relevant players in
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an "iterdive" process, it can describe the necessary actions and required skills, and make sure that action
is taken and skills are developed in a timely manner. In this aspect, the roadmap is a tool to prepare us for
the future.

OUR STEPS

The development of amiegrated roadmap takes place in several steps.

Assess the feasibility

Match public challenges (scientific effectiveness) Conceive a research path
with available expertises and desirability (quality of | | by orchestrating expertises
and vice versa,; life) of aternativeresearch and perspectives in time;
paths;
\

STEP 1: MATCH PUBCIKALLENGES WITH AVWHLE EXPERTISES XNIE VERSA

From the outset, the NanoSoc team made two choices. On the one hand, it chose as "publically recognized goal"
two challenges alreadmentioned by the World Health Organization, namely neurodegenerative illnesses in
elderly people and asthma in children in urban areas. As "main technological approach”, the team chose
biotransducer§ because imec as well as the University of Antweagth Ipartners in the NanoSoc project, have a

lot of inrhouse expertise in this matter. Choosing partners and disciplines when making a roadmap, is important
because it determines the alternative roads to explore. Therefore, the first exploratory dischasiom be broad

from the start or broadened along the way when the need for more knowledge arises.

The central research question?
How can biotransducers contribute to combating these conditions in the next fifteen years?

Which possible research pathseaelevant and what knowledge, both within imec and the University of Antwerp,
can be used for this?

% Biomedical transducers are systems that have at least a biosensing functionality (detecting a biomedical signal),
but can also compse a bioacting functionality (activating a biomedical signal) controlled by the biosensor.
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Participants in the exercise were stakeholders and experts from the social and environmental sector on the one
hand, and researches from imec and the @néity of Antwerp on the other, with different backgrounds in the
field of bio/nano/cognol/info.

Researchers at imec and the University of Antwggited several possible research paths for neurodegenerative
illnesses and asthma in children. They weredsto indicate where they saw crossovers with their own expertise.
Afterwards, the NanoSoc team has complemented and elaborated their (very fragmented) contributions into more
coherent proposals for possible technology routes. For this purpose, the tadrtotgather missing knowledge,
especially medical knowledge and knowledge related to social consequences.

Result

For each field of application, three proposals were made for possible research pathdiagrams below:

Asthmal: detection in environment and warning

Background Aim Route
wAsthma can be caused by high wSimultaneous detection of individual wFrom "single sensor based system" to
concentrations of dust/particles in the chemicals, compounds, particles in the "multiple or array sensor based system";
environment (inside/outside); environment;
wResearch into intelligent nose (spec
wPart of asthma treatment = avoiding risk | wWarning or action if certain level is combination of detectors) + signal
factors; exceeded; processing;

wBacteria and cells as possible sensor
wcan react in a very sensitive and specific|
manner;
wgenetic modification to stimulate desired
qualities;

wCompatible with home use/self calibration
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Asthma 2test for diagnosis and followp

Background

uMeasuring biomarkers for infection
reactions in the long is an invasive al
expensive method;

uRoutine application not very suitable
for children;

Aim
uDeveloping nosinvasive, reproducible
test that continuously gives

information on airway infection to
enable early intervention;

Route

oFocusing on analysis of, for example!
NO in exhaled air;

w(Functionalized) nanostructures for
sensitive, selective, fast detection of
gas and bio molecules;

Asthma 3: combination of both routes

Background
uDetermining a good environment is
difficult;

uDiscontinuous measurements give o
limited information;

Aim

A continuous monitoring system that
enables:
alinking information of the

environment to personal
information;

ubetter standardization (better
information about impact);

utaking information of the
environment into account when
diagnosing/treating;

Route
«Route 1 + Route 2;
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Neurodegenerative illnesses 1. medication wi
iIncreased efficiency

th

Background

uExisting medicines fight symptoms b
lose their effectiveness over time;

oNeed for in vitro research to study th
behavior of neural networks over a
longer period of time;

Aim
wSearch for medication with increased
efficiency;

Route

wBio-electronic in vitro platform for lab
tests;

wStudying biecompatibility (neuron
survival) on this platform;

wDesigning relevant assays (tests) to stu
the effects of the potential medicines o
neurons;

wOptimizing medicines based on these
assays;

wStudying influence of admission
mechanism;

Neurodegenerative illnesses 2: closed loop|
monitoring and feedback

Background

oCurrent stimulation systems have no
feedback possibility;

uRatio desired effect vs. undesired sio
effects is not adequately monitored
today;

oSpatial selectivity is small (cause of
side effects);

Aim
wimproving monitoring of effectivenes

of the treatment (stimulation) and
adapting the stimulation;

Route
uDesigning implant with appropriate
electrode topology;

uDesigning electronics for stimulation
and monitoring;

uStudy actiorreaction in in vivo
experiments;

uDeveloping control strategy
therapy);
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Neurodegenerative illnesses 3: biological bridge
implant neuron

Background Aim Route

wChose optimal interaction with oSuboptimal interaction tissuehip: uldentification of alternative interface
neurons for stimulation and electrical stimulation not optimal for | routes / functioning of stem cells;
monitoring (chemical, electrical, chronicle application:;other
2LUAOKEZ YSOKI yA( mechanisms? wGenetic modification of neurons /

stem cell cultivation;
wGenetic modification can result in uReplacing sick cells or missing cells

specific features; crucial cells in areas where we want | .11, vitro tests to evaluate functionality
intervene;
wWNe can make healthy cells from sten odn vivo tests (biesafety);
cells; '

‘STEP 2ASSESS THE FEASTRIIAND DESIRABILON ALTERNATIVE RESEA PATHS

Researchers at imec and the University of Antwerp, medical experts, stakeholders and Technology Assessment
experts discussed these research paths together, supervised by a facilitator

They first investigated th&easibility of the research pathsavhat kind of uncertainties and difficulties would result
from the development of these paths.

The result was an inventory of uncertainties:

a) Strategic uncertainties:

o0 What are the underlyinpuman and social views (on future patients, the welfare state, the
line between illness and health)?

o0 What should we aspire to (regarding quality of life, innovation, economy, equality,
environmental care)?

0 What target groups are we aiming for (people reqg help, higkrisk groups, age
brackets)?

o0 What time perspective will we use (regarding scientific research, workable technological
concept, regulating embedding in society)?

b) Knowledge gaps:
o0 What scientific research is required (e.g. system critaltgrnatives, risks, specific
biomarkers, detector sensibility, characterizing chemical aspects)?
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0 What sociescientific insights are missing (regarding the organization of healthcare,
doctor/patient relation, impact of risk research on the cost price)?

What design rules can we conceive for using the technology, e.g. in light of the implementation in the

healthcare sector?

What are the conditions to embed the technology in an adequately social way? What institutional, legal

and cultural changes are necasg?

Secondly, thearticipantscompared the research paths (within each field of application), basing themselves
on the knowledge gaps and uncertainties listed in the previous step. In addition, it was investigated what the
opportunities and risks ar¢he pros and cons and traesirability of every research path. In this step, it

becomes clear which participants (researchers and stakeholders) prefer which path and for what reason.

This resulted in the following points of interest:

foro )

wSupports preventive measures for the
environment;

wChance for maximum impact;

wFinetuning epidemiologic research;

\ J
f N
con
wLimited relevance when link to health i
missing;

wSafety, reliability;
wOnly useful if policy solution is present

7
pro

wAdapted symptom therapy;

wHelps causal asthma research;

wlintelligence interpretation and first
step toward autoregulatory system;

rCOI’]

wNot everything is measurable;

wDanger for medicalization;

wOut of touch with own body;

wlarge investment if no link with
environment;

wLink between marker and symptoms?

\ v

(pro )

wDoctor-patient relation;

wLink between cause and syndrome;

winsight in specificity of biological and §
therapeutic response;

wSocial importance of good standardsj

wHealth care potentially cheaper;

wDouble added value for target group.
better standardization and therapy;

\. J

(con A

wTechnology can take over doctgratient
relation;

wCosts can endanger equality;

wPrivacy;

wComplex bactoffice situation;

wOnly useful if solutions are available;

wControversy?

wDirect warning, while therapy only for

serious asthma patients;
J
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More efficient
medication

(pro

wFew risks test phase;
wLower risk therapy;
wlarge target group;
wQuality of life:
wMarket potential;
wDeveloping time;

\wGeneric model;

wFundamental knowledge;

(COI’I

wHightrisk investment;

Closed loop
monitoring and
stimulation

7
pro

wData for new research;

wPatient's ability to live independently;

to feedback;
wNeural stimulation for multiple

wBetter understanding diseases thanks

L—] wDanger of manipulation during

feedback;
wPrivacy;
wLos of faceto-face contact;

conditions;
\ J
(con h
wStigmatization;
wWealthy group;

Biological bridge
implant neuron

s
pro

wTranslation into a multitude of
applications;

wCause is removed;

wHigher quality of life;

(con

wRisks patient?
wEthical questions;
wSocial support?
wExpensive investment;
wWealthy group;

wHigh opportunity cost;

\. J/

.

‘STEP 3: CONOMH A RESEARCH PATHORRCHESTRATING KNEW/GE AND PERSPEESIV

‘IN A TIMELY MANNER

In a last step, the NanoSoc team developed a roadmap approach for conceiving a research path. To that end, the

team chose one research path for each case, based on disessdiout feasibility and desirability by the

participants in the previous steps: for neurodegenerative illnesses, it was "electrical stimulation in the brain with

feedback" and for asthma in children, it was "linking data from the environment to monitthéupdividual”.

The following is a schematic representation and a description of the three suggested phases in the roadmap

approach:
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. . i d
_ | Ieslﬂndiahdatgpmpgse
Match research questions to 7 — . technology routeslist
strategic targets and %:{'&%ﬁgggﬁg i knowledge gaps and
targetgroups; requirements for social
embedding;

options for users;

During every phase, this roadmap links scientéithnical expertise to social issues arising at that time. Thys wa
the roadmap contributes to a more holistic approach of research and technological development. After all, that
was one of the main concerns of the participants in the stakeholder forum.




17| Navigating in Nanospace,

PHASE 1: MATCH REBEH QUESTIONS TBANEGIC TARGET™NDATARGET GROUPS

In a first phase, researchers map relevant problems in their field of knowledge (= 1. electrical stimulation in the
brain with feedback for neurodegenerative diseases and 2. combined monitoring of environment and people
regarding asthman children). At the same time, the social context in which the technologies will be embedded, is
explored. This creates a counterweight against overspecializing and fragmenting, phenomena inherent to scientific
research. Organizing a "multidisciplinagience fair" where representatives of social and natural sciences can
dialogue with each other, could be very useful. That is why the human factor needs to be taken into account as

well when outlining the costs.

/o Vision on sickness and\

health?

Research organizations
involved?

Map of patients?
Existing prevention,
diagnosis, therapy?
Research funds?

Cost? /

/OO o o o

l{i:l

.
knowledge gaps

S ——

.

social framework

|

knowledge gaps

|

social framework

[
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After this broad exploratin, researchers define a set of initial research questions. Preferably, this exercise is linked
to a reflection on strategic choices from the start. What are the goals with regard to scientific quality, quality of
life, innovation, economy, equality and éranment? At what target groups will the technology be aimed? More
insights in the social context in which the development and implementation of technology routes occur, help to
better substantiate the strategic choices.

experimental routel
—

knowledge gaps
o Targets: health care,

innovation, economy,
profit, X K

o Targetgroups:patient
types age brackets
income levelsX K

- J

N—
)

social framework

N—

knowledge gaps

social framework
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PHASE 2: OUTLINE XPERIMENTAL TRAJEHJIES

in Nanospace,

Depending on the strategic choices, initial experimental research trajectories will emerge, as will a
number of alternative technology routes. Each of those routes is based on variant technological options.
For instance: some ohbse technologies might be less invasive, others more invasive; or in some cases,
the system might have most of the control, and in other cases the patient; or there is the choice between
stimulation in closed loop or not. These alternative technologyesutan be judged based on what users

in the healthcare sector find important (e.g. reversibility, separating data for research and diagnosis,

respecting privacy, awareness of behavioral changes, etc.).

It is good for users and civil society to hear iroptnness what the different choices comprise and how

they meet different design demands.

-

Invasive?
Closed loop?
Self-control?

~

OO0OO0OO0OO0OO0OO0OOo

First line or specialized?
Control by @tient?
Reversible?

Backup system?
Seperation research and

technological/scientific
problems

societal context

research questions

strategic choices

\_

diagnosis?
Privacy?

o

o Patient aware of behaviop

.
experimental routel

—
G

technological option 1

——

G

experimental route 2

-/
G

technological option 2

—

knowledge gaps

social framework

knowledge gaps

social framework






















































































































































