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Abstract:

Responsible research and innovation (RRI) has become a core concept in some of the Horizon 2020 programs. In
this chapter the concept of RRI is discussed according to the interpretation used within an EU-sponsored project,
Irresistible. In the chapter we present several ways in which RRI can be introduced in secondary science education,
coupled with contemporary research taking place in universities, as well as with recent innovations coming from
industry. The discussed modules were designed in groups in which teachers work together with science researchers,
educational researchers and people from science centers. The chapter focuses on the Israeli module that deals with
the leading question: "Under what conditions would we agree to have perovskite-based photovoltaic cells installed
on the windows of our school?" An innovative aspect of the pedagogical approach is the development of student-
designed exhibits in which both the science content as well as the relevant RRI concepts are demonstrated for the
general public. These exhibits have been very successful as a learning tool,

Key words: Secondary school education, Science education, Chemistry education, Formal learning, Informal
learning, Student-designed exhibits, Responsible Research and Innovation, RRI, Contemporary science, Cutting
edge research :

Introduction world. The goal of RRI is to create a shared un-
derstanding of the appropriate behaviours of the
European Commission, governments, business
and NGOs (non-governmental organizations)
which are central to building trust and confidence
of the public and other stakeholders in safe and
effective systems, process and products of inno-
vation (Sutcliffe, 2011). The Irresistible project
focuses on the design of science education activ-

Responsible Research and Innovation (RRI)
stands at the centre of several EU projects and
represents a contemporary view of the con-
nection between science and society. Previous
‘techno-disasters’ together with many facets of
the current financial crisis have resulted in a loss
of public trust in science and scientists across the
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ities that foster the involvement of students and
the public in the process of responsible research
and innovation. In the Irresistible activities, both
formal and informal learning environments play
an important role. The project raises awareness
about RRI in two ways:

1) Increasing content knowledge about re-
search by bringing topics of cutting- edge re-
search into the program, and

2) Fostering a discussion among the students

regarding RRI issues about the topics that are in-
troduced.
In this chapter we describe the concept "Respon-
sible Research and Innovation" (RRI), as well as
the way it is introduced to students in secondary
science education.

What is "Responsible Research and Innova-
tion"?

Throughout the world, ideas about the interac-
tion between science, innovation and society
have become a subject of discussion. The UN, for
example, has formulated millennium goals (The
eight Millennium Development Goals (MDGs),
2015) for science. The OPCW has formulated
the Hague Ethical guidelines (2015). Within the
industrial society the idea of Responsible Care
(2016) was written; and within the EU, this dis-
cussion has been going on for a while resulting
in several framework programs.

Within the EU, the Framework programs about
science and society have shifted in title from
‘Science and Society’ to ‘Science in Society’,
indicating the change in perception within the
EU about the role of science (Hoven, 2013). The
concepts of Responsible Research and Innova-
tion have become more and more important. In
Hillary Suteliff’s report (Sutcliffe, 2011) she
identifies six key dimensions in RRI.

In a later leaflet published by the EU in 2012
(EU, 2012) six key issues are identified; 1. En-
gagement; 2. Open Access; 3. Ethics; 4. Science
Education; 5. Gender Equality; and 6. Gover-
nance. The six dimensions and their explanations

are presented in Table 1. Several other definitions
for RRI were provided and further contributed to
the RRI concept.

Van Hoven (van Hoven, 2013) indicates:

"RRI refers to ways of proceeding in Research
and Innovation that allow those who initiate and
are involved in these processes at an early stage
(A) to obtain relevant knowledge on the conse-
quences of the outcomes of their actions and on
the range of options open to them and (B) to ef-
Sectively evaluate both outcomes and options in
terms of ethical values (including, but not lim-
ited to well-being, justice, equality, privacy, au-
tonomy, safety, security, sustainability, account-
ability, democracy and efficiency) and (C) to use
these considerations (under A and B) as func-
tional requirements for design and development
of new research, products and services."
Schomberg (von Schomberg, 2013) defines RRI
as follows:

"Responsible Research and Innovation is a trans-
parent, interactive process by which societal ac-
tors and innovators become mutually responsive
to each other with a view to the (ethical) accept-
ability, sustainability and societal desirability of
the innovation process and its marketable prod-
ucts (in order to allow a proper embedding of
scientific and technological advances in our so-
ciety)."

Both Schomberg and van Hoven focus on the
interaction between society, on one hand, and
and research and innovation, on the other, They
demonstrate the importance of this interaction
in order for research and innovations to succeed
in society. A common example is genetically
modified food, which has not been accepted in
Europe. Especially the steps formulated by van
Hoven are not common as yet even though gov-
ernments have started to formulate policies on
this subject. In the Netherlands, for example, a
new report was published indicating the view of
the Dutch government on the future development
of policies regarding scientific research, which
are solidly based on these RRI concepts (Weten-
schapsvise 2025, 2014).




Within the Irresistible project we decided to use
the six key issues (presented in Table 1) as a
starting point in the design of the activities with-
in the project. They provide a more concrete set
of issues that can be incorporated within educa-
tional activities. The underlining idea, that both
research and innovation should be closely linked
with society and with societal needs is the back-
ground of the use of these six dimensions. Using
the six key issues gave the project a solid base to
discuss how the cutting-edge research could be
introduced to the students. In order to be able to
work according the six RRI dimensions, we de-
veloped a more descriptive explanation of them,
as presented in Table 1.

|, Engagement

The firsc key to RRis the engagement of all socictal actors - researchers, industry,
policymakers and civil society - and their joint participation in the research and
innovation process, in accordance with the value of' inclusiveness, as reflected in the
Charter of Fund: | Rights of the E; Union. A sound framework for
excellence in research and innovation entails that the societal challenges are Gamed
om the basis of widely representative socinl, economic and ethicsl concerns and
cammon principles, Moreover, mutual learning und agreed practices are needed to
develop joint solutions to societal problems and opporlunities, and ta pre-empt
possible public value filures of future innovation,

2. Gender Equality

Lngagement means that all nelors ~ including wonten and men - are on board, The
under-representation of women must be addressed. Rescarch institutions, in particulor
their human resourees nanagenient, need (0 be modernized. The gender dimension
must he inlegrated in research und innovation content.

3. Science Education

Europe must not only increase its number of researchers, it also needs to enhunce the
current edueation process 1o belter equip lutore researchens and other socictal actory
with the necessary knowledge and tools to tully participate and take responsibility in
the research and innavation process. There is an urgent need to boost the interest of
children and youth in maths, seience and echnology, so they ean become the
researchers of tamarrow, and contribute to 1 science-literate soeiety, Creative
thinking calls for scicnce education as 4 means to make change happen,

4. Open Access

In order 1o he respansihle, research und fanovation must be both fransparent angd
accessible. This means giving free online access to the resulls of' publicly-funded
rescarch (publications and data). This will hoost junovution and fuether increase (he
use of seientilic results by all societal aclors.

5, Ethics

European socicty is based on shared values. In order to adequately respond to sucietal
challenges, research and innovation must respect {undamental rights and the highest
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Table 1. The 6 Dimensions of RRI used
in the Irresistible project

In order to get a clear idea about the use of these
six dimensions of RRI and to share the same un-
derstanding within the project's partners, a work-
shop was organized by the Weizmann's partners,
in which the coordinators in each participating
country participated. During that workshop, two

case studies were discussed in which the six di-
mensions could be applied.

The first case study that was discussed was the
use of asbestos. The group discussed whether
applying of RRI policies could have changed
the use of asbestos in society and prevent the
catastrophe caused by its use. Main question to
be answered during the workshop was how the
problems with asbestos could have been avoid-
ed, using RRI-based policies.

For the second case study, nanosocks were intro-
duced. (see Figure 1.)

Figure 1. Nanosocks

Nanosocks (2016) contain nano silver particles
that inhibit bacterial growth and thus prevent
smelly socks. This contemporary innovation was
used for a discussion about the six dimensions
of RRI and the way they should be applied to
nanosocks. Through this discussion, participants
developed an idea about the way the six dimen-
sions could be applied to an innovation like na-
nosocks. This experience was taken by the par-
ticipants to be used during the development of
educational material.

The Development of the Educational Material

Within the project, a Community of Learners
(CoL) was formed in each country as the group to
develop its educational material ((Loucks-Hors-
ley, Stiles, Mundry, Love, & Hewson, 2010).
Both in the Netherlands in the development of
‘Nieuwe Scheikunde’(Apotheker, 2008) as well

,..‘ .WWV&W g
k%?ﬁa

Ron Blonder et al.




as in Germany in ‘Chemie in Kontext’(Nentwig,
Demuth, Parchmann, Grisel, & Ralle, 2007)
these communities have been used and are still
used in the development of new teaching and
learning materials.

In the Irresistible project, each CoL included
experts from science research, educational re-
search, science centres, teachers, and (when pos-
sible) a representative from industry. Together

Thirteen different modules dealing with variety
of cutting-edge science topics were developed by
the Irresistible partners. Each partner chose a re-
search topic currently being investigated in their
university and cooperated with the researcher
to obtain contemporary scientific information.
Table 4 presents the topics of the modules devel-
oped by each partner.

the CoL. members worked on the development Country | Title of the Module Cotting Edge Rescarch
of the new educational material. The pedagogy
of inquiry was chosen to lead the new teaching Fiand | Amosphereand Clmtschunge | AmOsphere ad Climae
and learning materials. We chose to use the 5E
method developed by ROgCI’ BybCC (Bybee’ Tay.. Germany Oceanagraphy and climale change Offshore wind energy
lor, Gardner, Van Scotter, Carlson, Westbrook, & - -
Plasiic, Bane of the Oceans Plastic waste in veeans
Landes, 2006) as a framework for the modules
to be developed. The Irresistible group decided Chrecce Nanaseience applications S e applicaions
. @ {otus
to expand the 5E model with a step called Ex-
1 1 1 11 F Por 1te-huset
change, in which the students exchange their sroel e RR) of Pkt sed Perovskite solar cells
results and build an exhibition. In Table 3, the
resulting 6E model is represented. lialy Nanotechnology for information by T
g 3 (Balogna) exploiting Iigh;;/ matter interaction Luminescent nanosensors
Phase Deseription Techniques wsed
Italy N
Energy sonrces Graetzel cells
TV braadeast, visit to science (Palermo}
cenre, video introduetion, appy,
Students nre motivated @ eogage | lecture hy researcher, Students ; } e .
f— in the subjeet of the module, iy gather infisrmation using Netherlands | Carbobydrates in breast milkc Specific oligo-snccharides
R Both tormal and informal smartphones to wake videos,
leweming vetivities arcplunned. photas ar alter duts that can be
shared vin social mydiia {€.g. n Paland The catalytic properties of Role of nuno particles as
Faeebook group). mansmaterials catalyst
Explore Studentsformulatequestions plan | A Web platfoen is used for D y seavenineering ad elimLte cont S
explarations, nnd iplensent gathering duts and o Portugal Crea-engineering and ¢limate control | Gee-engineering
heir plans, comparing and sharing resulls
: " rf;:sl::l:mgunnh beatth theough palar | ar ccosystems
Students gain knawledge T —— "
“"‘“q"l::,",‘g'q“m main concepts Tuawledige on the web platforn. . Solar energy and specific
are explalied. Romania nnn(mm(uru{l Giraetzel cells
“T'he attention shifis w Turkey { Linelogy in N fuls used in health
slaburatg o i ORGSR Y g e e platorm, stdents foaleh scionces fasues
Elaborte ccml.'il’ngml r\:s;‘uru’i)c‘m \‘w:m " [ mateh guestions and answers by

clentists,
challenges to be answered by the sclentisls

seientisty.

Students design and consteuct an
exhibit, w e displayed in the
seience centre i the partners®

Clontest for best exhibit, which
will participite in an exhibitonas

Fpetmogs local group. Posters or other Tiwropenn seale, hosted by one of
presentation mudes may alsa by | the partier,
used.
Studenry are tonted on their
wontent ind R
relatedknowledge. The stadents | Cnline tests nst ssrveys con be

Lvalume themselves determine by un uaud for testing und for
interview! di v with the ion with the hers.
tesearchers what they leared
from the project.

Table 3. The 6E Model for Inquiry-Based Learning Used in

the Irresistible Project Results
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Table 4. Produced modules, with science content.

All the modules included the 6E framework.
The teachers in each CoL tried out their mod-
ule in their own classrooms. The modules have
been adapted using teachers' experiences in the
classroom, A further improvement of the module
was conducted by international exchange of the
modules between the Irresistible partners. Each
module was tested in a different country and the




feedback obtained was used to improve it. The
modules are available through the Irresistible
(2016) website.

Implementation of RRI

The implementation of RRI in the modules has
been done in different ways. In the modules of
Israel, Turkey and Germany the students are
given a specific role. Incorporated in the role-
play are the different RRI aspects. In the Turk-
ish module the students are given the role of an
advisor. A hospital is asking them whether or not
the hospital should introduce towels sheets and
other products made of textile treated with nano
silver particles that have antibacterial properties.
They then investigate the properties of cotton
treated with silver nanoparticles and finally, by
discussing the consequences of washing textile-
containing silver nanoparticles, they highlight
the key aspects of RRI and come up with a rec-
ommendation.

In the German module, a game has been devel-
oped in which the students play different roles
and in this way learn about offshore wind energy.
Since the Fujiyama disasters in Japan, Germany
decided to invest heavily in wind energy.

The students' main question in the Israeli mod-
ule is "Under what conditions, if any, would
we agree to have perovskite-based photovoltaic
cells installed on the windows of our school?"
The module includes the following components:
(1) a pre-visit RRI unit for the students, given
in their classroom before the visit, (2) a visit to
the Weizmann Institute's outdoor science mu-
seum (The Garden of Science) on the topic of
alternative energy (Figure 2), (3) a high-quality
"special news broadcast" which frames the guid-
ing question for the students, (4) background
articles for the students, (5) a lecture on alterna-
tive energy and photovoltaic cells, (6) a student
experiment on photovoltaic cells and (Figure 3),
(7) an activity to help students design exhibits,
based on the guiding question, (8) a discussion
with Weizmann Institute graduate students about

their research, from an RRI perspective, and ®)
a post-visit session on building the exhibits, back
in the classroom, leading to a presentation of the
exhibits to other students.

Figure 2: One of the exhibits in the Clore Garden of Sci-
ence, demonstrating the working principle of solar panels.

Figure 3: A solar cell built during the students’ visit in the
Weizmann I[nstitute of Science, to deepen their knowledge
of the working principle of solar cells,

The six areas of RRI are addressed by the mod-
ule in a number of ways. First, before the stu-
dents arrive at the Weizmann Institute, they re-
ceive a 3-hour lesson on RRI (Blonder, Zemler,
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& Rosenfeld 2016) which is based on the his-
tory of the use of lead in different industries.
The students are challenged to think of ways in
which the use of lead in these industries could
have been prevented and they are guided to learn
about the six keys of RRI. Second, the students
are engaged in thinking about RRI during their
visit to the Weizmann Institute, in terms of the
module's guiding question regarding the use of
perovskite-based photovoltaic cells. Third, the
students design an exhibition that includes RRI
dimensions of the perovskite-based photovoltaic
cells innovation, Finally, toward the end of their
visit, the students meet Weizmann Institute grad-
uate students, who describe their research and
invite students to ask them questions regarding
this research as it relates to RRI.

In other modules, the RRI dimensions were in-
troduced during the ‘Elaborate’ step of the 6E
framework as a separate part of the module. Stu-
dents were then asked to apply the RRI dimen-
sions to the science content they studied in the
first part of the module, and to present their find-
ings in various ways.

Debate ahout ethical issu

Figure 4. Students debating about propositions, in the
Netherland.

In some cases a debate was organized around
specific propositions such as, "A company has
the right to market their products all over the
world," taken from the module about milk for-
mula, as shown in Figure 4.

In all cases, the students were asked to design
and construct an exhibit demonstrating the di-
mensions of RRI and focusing on the the rele-
vant science content.. These exhibits were taken
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to the local science centre involved in the proj-
ect and displayed there. Students were guided
in their exhibit-designing efforts by the science
centre staff.

In Germany, a system for the exhibits was de-
veloped using a cupboard from ‘Ikea’ (Figure
5). The cupboard was designed by the students
to illustrate the issues involved. In this case, the
module is about the differences between human
milk and cow milk.

in achurch fd; the
les (23000 visitors)

ions at schdo
of Arts and

it

Figure 5. Use of an Ikea cupboard as the base for an exhibit
(The Netherland exhibition).

Figure 6. Use of QR codes Lo create interactive exhibits
(from the Israeli exhibition).




In other cases, interactive exhibitions were cre-
ated by applying technologies such as QR codes
and on-line quizzes, as demonstrated in Figure
6 by one of the exhibitions that was developed
in Israel. Students are very creative in design-
ing exhibits. Through careful guidance by the
experts from the various science centres, exhibi-
tions are made that can actually be used in these
science centres.

Conclusions and Recommendations:

Looking at the modules and more specifically at
the exhibits that have been produced by the stu-
dents, it becomes clear that the Irresistible mod-
ules are able to introduce cutting-edge science
research into the secondary school classroom. In
most cases, this approach fits in with the curricu-
lum in a country, and in other cases the material
is considered extra-curricular enrichment.

What also becomes clear is that the students
are very able to link the RRI dimensions to the
science they have been studying. In Israel RRI
has become more or less a verb: ‘Let’s do RRI
on this issue’ (Blonder, Zemler, & Rosenfeld,
2016). The exhibits are an important factor in
the modules in bringing together the science and
RRI. Designing the exhibits forces the students
to think about the issues and come up with ways
to demonstrate to society the RRI dimensions of
the research and/ or innovation.

In most modules, all six dimensions were ad-
dressed, During a presentation of the modules in
a meeting of the project in Bologna, it became
clear that the gender dimension as well as the sci-
ence education dimension wete not always easy
to implement in the modules. These two dimen-
sions were found to have high societal impor-
tance and therefore the awareness of the students
to their importance is essential. However, it is
not trivial to use them as a lens to examine a sci-
entific research or an innovational development.

Ron Blonder et al.
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