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ABSTRACT

The purpose of this article is to trace the development, validation and use of a questionnaire for evaluating
teacher and student attitudes regarding Responsible Research and Innovation (RRI). RRI is a framework,
developed by the European Union, which provides general standards to guide the development of trust and
confidence of the public regarding advances in science and technology, and the development of their
participation in these advances. The article traces the development of the RRI framework and focuses on its
educational component, whose goal is to sensitize teachers and students into "RRI-based thinking" about past
and current scenarios regarding the development of science and technology advances. The use of the RRI
questionnaire is demonstrated through the presentation of teacher and student data taken before and after
the implementation of RRI-based modules, developed in the EU-funded Irresistible Project. Based on this work,
we suggest that the RRI questionnaire can be used to assess the development of attitudes regarding RRI across
diverse populations of teachers, students, scientists, consumers and other members of the general public.
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RESUMO

O objetivo deste artigo é delinear o desenvolvimento, validagdo e uso de um questiondrio de avaliagdo de
atitudes de professores e alunos, relativas a Inovagdo e Investigagdo Responsdveis (lIR). O artigo descreve o
enquadramento do desenvolvimento da IIR e foca-se na componente educacional, cujo objetivo é sensibilizar
os professores para um “pensamento fundamentado na IIR”, sobre cendrios passados e presentes relativos ao
desenvolvimento da ciéncia e aos avangos da tecnologia. O uso do questiondrio sobre IIR é demonstrado
através da apresentagdo de dados sobre estudantes e professores, recolhidos antes e depois da
implementacdo dos modelos fundamentados sobre IIR, desenvolvidos no ambito do projeto IRRESISTIBLE,
financiado pela EU. Baseados neste trabalho, sugerimos que o questionario sobre IIR pode ser usado para
avaliar o desenvolvimento das atitudes face a IR em diferentes populagdes de professores, estudantes,
cientistas, consumidores e outros membros do publico em geral.

PALAVRAS-CHAVE

Investigagdo e inovagdo responsaveis (IIR), Questdes sociocientificas (QSC), Educagdo em ciéncias,
Questionario, Escola secundaria, Atitudes dos professores.
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Assessing Attitudes about Responsible
Research and Innovation (RRI):

The Development and Use of a Questionnaire
Ron Blonder | Shelley Rap | Esty Zemler | Sherman Rosenfeld

BACKGROUND

Responsible Research and Innovation (RRI) represents a contemporary view of the
connection between science and society. This concept has been developed by the
European Union and is the basis of several EU projects. The goal of RRl is to create a
shared understanding of the appropriate roles of those who have a stake in the
products of science and technology, including governments, businesses, scientists,
technologists, educators, the general public and NGOs. The hope is that through the
creation of such a shared understanding, mutual trust and confidence will result, along
with safe and effective systems, processes and products of innovation (Sutcliffe, 2011).
One way to understand RRI is to see it as

a transparent, interactive process by which societal actors and innovators become
mutually responsive to each other with a view to the (ethical) acceptability,
sustainability and societal desirability of the innovation process and its marketable
products (in order to allow a proper embedding of scientific and technological advances

in our society). (Schomberg & Von Schomberg, 2013, p. 19)

Another definition of RRI is built on six dimensions: 1. Engagement, 2. Open Access, 3.
Ethics, 4. Science Education, 5. Gender Equality, and 6. Governance. These dimensions
were published and recommended by the Horizon 2020 framework of the European
commission (2015). More detailed description of the 6 RRI dimensions is provided in an
earlier publication (Blonder, Zemler & Rosenfeld, 2016).

RRI is not only a framework to promote responsible scientific research and
technological development, but it also has an educational component, whose goal with
teachers and students is to develop the skills and attitudes associated with "RRI-based
thinking" about past and current scenarios regarding the development of science and
technology advances. When working to achieve this goal, an evaluation tool is needed
to assess teacher and student attitudes relating to RRI.



GOALS

The goals of this article are to trace the development and use of a questionnaire for
evaluating teacher and student attitudes regarding RRI. More specifically:
To develop and validate a questionnaire attitudes about responsible
research and innovation (RRI).
To illustrate the use of this questionnaire within an evaluation study.

The article begins with a brief history of the development of the RRI framework,
followed by a presentation of how the RRI questionnaire was developed and used,
within the context of an EU-funded project called Irresistible (Irresistible, 2015). We
close by exploring the possibility that the RRI questionnaire can be used to assess the
development of attitudes regarding RRI across diverse populations of teachers,
students, scientists, and members of the general public.

THE DEVELOPMENT OF AN EDUCATIONAL FRAMEWORK TO
ASSESS ATTITUDES ABOUT RRI

RRI can be seen as a new contract between science and society, a "social innovation"
which relates to the roles and responsibilities of the many stakeholders involved in the
processes and products of science and technology, including scientists, technologists,
businesses, governments, citizens, NGO's, teachers and students (Rip, 2014).

The roots of the educational framework for RRI can be seen in the use of socio-
scientific issues (SSI) within the science curriculum. SSI was used as early as 1986
(Fleming, 1986) but its development as a recognizable framework for research and
practice in science education emerged only in the late 1990's. SSI can be defined as
"social dilemmas linked to science about which citizens have to make decisions"
(Molinatti, Girault & Hammond, 2010, p. 513). This definition reflects the view that "all
aspects of science are inseparable from the society from which they arise" (Sadler,
2004, p. 513). According to this view, it is important to recognize that there are links
between science, politics and business and that there are many different actors in the
scientific-technological enterprise (Simonneaux, 2014).

Therefore, it is important for teachers and students to develop "moral-ethical
reasoning" so that they will be able to take into account the different points of view of
different social groups when considering real-world socio-scientific issues, which by
nature are controversial, preliminary and under debate (Sadler & Zeidler, 2005;
Zimmerman et al., 2001). In SSI, students are encouraged to understand how different
stakeholders have different perspectives, i.e., different ways to perceive and interpret
the same issue; in this regard, it is important to distinguish perspectives from positions
(where one stands on an issue) and orientations (how one approaches an issue in
relation to others) (Kahn & Zeidler, 2016). SSI "entails the examination of competing
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claims, values, and evidence, thoughtful deliberation and negotiation, and the ability
(to) navigate the concept of optimality throughout this process" (Zeidler, 2014, p. 720).

Developing this type of reasoning by teachers and students is one of the
educational goals of RRI scenarios, in which teachers and students consider how
different stakeholders can cooperate to produce optimal scientific and technological
products. One way to evaluate RRI is to assess teacher and student attitudes regarding
the above-mentioned 6-dimensions of RRI (Apotheker et al., 2016; Blonder et al., 2016).
If we can produce an appropriate tool to assess attitudes relating to each of these
dimensions and to the perceived responsibility of the different stakeholders, we may be
able to evaluate how well teachers and students internalize the intended educational
outcomes of RRI.

THE CONTEXT OF THE STUDY

In order to understand the context in which the questionnaire was developed and used,
we need to understand the cultural environment in which it was developed. In the last
decade, several EU-sponsored projects have been devoted to integrating RRI into
science education. The general approach has been to provide relevant curricular
materials to Communities of Teachers (Cols), in order for them to engage their
students in socio-scientific issues via IBSE (Inquiry-Based Science Education) strategies.
For example, the "ENGAGE" project offers three kinds of materials: dilemma lessons,
problem-solution lessons, and scenario-based topics (Okada, Young & Sherborne,
2015). Another example is that "PARRIS" project offers an integrated approach to
Socio-Scientific Inquiry-Based Learning (SSIBL). It collects and shares existing best
practices across Europe and develops learning tools, materials and in/pre-service
training courses for science teachers based on the SSIBL approach. Other examples are
described in Blonder, Zemler, and Rosenfeld (2016).

Next will now describe in more detail one of the EU-funded projects to integrate
RRI into science education—the lIrresistible project, in which the questionnaire was
developed.

The Irresistible project (Irresistible , 2015) is an European project in the FP-7
framework aims to make young people more aware about RRl issues, through curricular
materials (the Irresistible modules) to be used both in the classroom and in science
centers. Ten European countries participated in the three years project (2014-2016).
Each partner country has formed a Community of Learners (ColL). Detailed description
of the Irresistible project is provided in several recent publications (Apotheker et al.,
2017; Blonder et al.,, 2017) and in the project Website (Irresistible, 2015). Three
important features of the project are described below:
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Col:

The modules were developed by a Community of Learners (ColL) composed of a
research scientist, high-school science teachers, a member of the local science center
and science educators. Each module was based on the research work of a research
scientist at the university.

MODULE'S GOALS AND MAIN TOPICS:

The main goal of the Irresistible modules was to foster positive attitudes towards RRI by
both teachers and students. Each module that was developed by the different CoLs has
its own scientific topic (e.g. the main topic of the Israeli module was the development
of perovskite-based photovoltaic cells (Snaith, 2013) within the context of using
alternative energy). The topics of the other modules are presented in the Irresistible
project website (Irresistible, 2015).

PEDAGOGICAL APPROACH:

The design of the modules was guided by two approaches: (a) the 6E inquiry model,
based on Bybee, et al. (2006) and (b) an effort to bridge between formal and informal
science education (Fallik, Rosenfeld & Eylon, 2013), which focused on the production of
student-designed exhibits, in the tradition of interactive science exhibits.

THE STRUCTURE OF THE RRI QUESTIONNAIRE

With the above 6-dimension definition of RRI in mind (see Table 1), a RRI questionnaire
for teachers and for students was developed and validated according the stages
presented in Table 2. The questionnaire includes three parts:

ATTITUDES TOWARDS THE RRI DIMENSIONS

This section was included in the teachers' and students' questionnaire. It evaluated
their attitudes towards the 6 different dimensions that constitute RRI. The respondents
were asked to "determine the degree to which you agree with the following statements
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(5 = agree a great deal, 1 = do not agree at all.)". Table 1 presents examples of items in
this part according the RRI dimension.

Table 1
Sample of items for each RRI dimension in the RRI questionnaire

RRI dimension Sample item

To decide what topics to research, scientists should consult with
(1) Engagement community representatives, such as people who work for nature
conservation, human rights, and consumer rights.

(2) Open access Scientists should spend part of their research budget to present their
P research online, in a free and open way.
(3) Ethics Having high ethical standards can help ensure high quality results in
science and technology.
(8) Science education The science curriculum in schools should include topics like how science
solves society's problems.
Women and men should have equal rights and responsibilities in

5) Gend lit
(5) Gender equality scientific research.

(6) Governance The government needs to regulate scientific research institutions.

RESPONSIBILITY OF DIFFERENT STAKEHOLDERS IN THE REAL WORLD
AND IN AN IDEAL WORLD

This section was given only to the teachers. It started by presenting by the following
question: "The following groups can each take different degrees of responsibility for the
consequences of research and innovation in society and the environment. In an ideal
world, what degree of responsibility should each of these groups take?" They were then
presented with a list of the following actors: the Government (policy planners),
Academic Institutions, Scientists, Educators, Environmental Organizations, Non-profit
organizations, Consumers, Businesses, the Printed and Electronic Media. The teachers
were asked to rate the degree of responsibility for RRI in an ideal world (1= to a very
small degree ; 5 = to a great degree).

Next they were asked to do the same in the real world: "In your country today,
what degree of responsibility for RRI does each of these groups take? (1= to a very
small degree ; 5 = to a great degree)".
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TEACHER EXPERIENCE IN INTEGRATING SOCIAL ISSUES IN SCIENCE
EDUCATION

This section was given only to the teachers. It presented the following four questions:
How often have you participated in discussions in science classrooms that deal with
ethical issues of science and society? (For example: "Should we pursue new nuclear
technologies?" or "What are the risks and benefits of nanotechnology applications?")
(1= never ; 5 = often). How often have you participated in classes or workshops that
deal with ethical issues of science and society? (1= never ; 5 = often). How often have
you taught ethical issues relating to science and society? (1= never ; 5 = often). Which
ethical issues in science and society do you think are relevant in regard to developing
new technologies for ? (Each partner was asked to write here the name of the
domain topic of the module which was taught)?

In the first three questions, the prior experience of the teachers was collected in a
Likert scale (1= never ; 5 = often). These questions track the teachers' personal
experiences as participants in discussions which involve SSI (socio-scientific issues) and
their professional experience in conducting science lessons that integrate ethical and
social aspects with science and technology. The fourth question is an open question in
which the respondents are asked to suggest and write social issues that relate to the
scientific topic of the module they would learn and teach.

THE DEVELOPMENT OF THE RRI QUESTIONNAIRE

The process of developing the RRI questionnaire included several stages of validation, a
test of internal consistency to support its reliability, and its multicultural adaptation in
the international community of the Irresistible project. The implementation process is
summarized in Table 2 (on the following page), and further elaborated in the text.

STAGE 1: CREATING ITEM POOL

At the first development stage the Weizmann team created a pool of items (in Hebrew)
that were based on the RRI literature and covered the 6 RRI dimensions. Forty-four
items were gathered in this stage.
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STAGE 2: FIRST EXPERT VALIDITY CHECK

Three experts in science education who were part of the Weizman team's ColL discussed

the items' content and validated that the phrasing reflected the meaning of the RRI
dimensions that each item represented. The three experts also selected 5 items for

each of the 6 RRI dimensions to produce a 30-item questionnaire.

Table 2

The implementation process of the RRI questionnaire

Stage

Description

1)
2)

3)

4)

5)

6)

7)

8)

9)
10)

Creating item pool*
First expert validity check*

Translation to English and inter-translator
reliability

Second expert validity check and
multicultural adaptations
Pilot international implementation

Reliability analysis & third expert validity
check*

First international implementation

Reliability analysis (teachers and students
separately)*

Final scale*
International implementation of the final
scale

Literature review

Item pool with 44 items

Checking by 3 experts in science education
Choosing 5 items per each RRI dimension
Two translations were completed and
compared in order to obtain inter-translator
reliability (Anastasi, 1988)

Checking by 10 experts in Science education
from 10 EU countries

Rephrasing the items according experts'
comments

Translating to 10 languages

54 teachers in 10 countries

Alpha-Cronbach internal consistency test for
each dimension

Re-examining the items in each RRI dimension
Choosing 4 items for each dimension (based
on alpha-Cronbach results)

120 teachers

1160 students

10 different countries

Alpha-Cronbach internal consistency test for
each dimension

Pearson r correlation test for each dimension
Choosing 2 items for each dimension (based
on correlation test)

Alpha Cronbach internal consistency test for
the whole questionnaire (RRI construct)

A RRI scale consist of 12 items

Pre-post administer of the final questionnaire
Pearson r correlation test for each dimension*
Alpha Cronbach internal consistency test for
the RRI construct*

* These stages were conducted only for the first part of the questionnaire (attitudes towards the RRI

Dimension).
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STAGE 3: TRANSLATION TO ENGLISH AND INTER-TRANSLATOR
RELIABILITY

Based on Anastasi (1988), the questionnaire was translated to English by two
translators. Two translations were compared by the development teams and the
meaning of the translated items was compared to the meaning of original items in
Hebrew in order to obtain inter-translator reliability.

STAGE 4: SECOND EXPERT VALIDITY CHECK AND MULTICULTURAL
ADAPTATIONS

The 30 items were sent to all the partners (10 experts in science education in ten
European countries) for expert validation, and modifications were made according the
comments the partners sent. For example the item: "A research director that needs
'work around the clock' should not hire women who have young children." (NEGATIVE
statement regarding the gender dimension), was modified to: "A research director that
needs 'work around the clock' should not hire pregnant women" according the Turkish
suggestion to emphasize the dilemma. In another suggestion, the item: "A scientist
should be involved in programs to make his/her research accessible to students and
their teachers in the science classroom" was modified to "Scientists should be involved
in programs to make their research accessible to students and their teachers in the
science classroom." This change was made in response to a suggestion of the Finish
team that this issue is not about just one scientist. In other items some modifications
were made to keep the English simpler and to share the same meaning in the different
countries. These modifications helped to clarify the meaning of the items for the
international community of teachers and students.

STAGE 5: PILOT INTERNATIONAL IMPLEMENTATION

The modified version (pilot version) was sent to all partners and was translated into 10
languages. In the pilot trial, the teachers from all the CoL members in all countries
(N=54) filled the questionnaire. Appendix 1 presents the pilot stage of the
questionnaire.
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STAGE 6: RELIABILITY ANALYSIS AND THIRD EXPERT VALIDITY

CHECK

The items were again examined by three experts in science education for their valid
representation of the RRI dimension and more coherent language was applied. For
example, instead of using different terms to describe academic research and
researchers (e.g., research institutes, universities, academic institute, and scientists),
only one term was chosen (scientists), because this term is clearly understood by
students and teachers who are not part of the academic culture. In addition, based on
alpha-Cronbach test, items were reduced to 4 for each RRI dimension.

STAGE 7: FIRST INTERNATIONAL IMPLEMENTATION

The new version (version 1) of the questionnaire was filled-in by the teachers (N=210)
and students (N=1160) in the 10 countries. Appendix 2 presents the questionnaire that
was administered in this stage.

STAGE 8: RELIABILITY ANALYSIS

Alpha-Cronbach values were calculated for each of the 6 RRI dimension (teachers and
students separately). We therefore decided to choose for each dimension the two
items (as shown in Table 3) showing the highest significant correlation (for both
students and teachers) and to proceed with a shorted questionnaire that measures the
RRI construct. The alpha-Cronbach for the 12 selected items that composed the RRI
construct was 0.76 for students and 0.78 for teachers.

Table 3
The selected items for each RRI dimension and their r-correlation value

RRI Dimension Items Teachers Students
Engagement 5,16 0.33*** 0.25%**
Gender Equality 11,21 0.27*** 0.24***
Science Education 9,19 0.24%** 0.27%**
Open Access 13,23 0.33*** 0.34***
Ethics 15,17 0.32%** 0.16**
Governance 14,22 0.41%** 0.27%**

*** p<0.0001
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STAGE 9: FINAL SCALE

The final version questionnaire included three sections (1) 12 items to measure the
respondents' attitudes towards the RRI construct' (2) a comparison of the respondents’
perspectives regarding the responsibility for RRI of different stakeholders in the real
world and in an ideal world (only teachers), and (3) measurement of the ability to find
socio-scientific ethical issues related to relevant module's scientific topic (only
teachers). The results presented in section 3 of this report used the final scale of the RRI
questionnaire.

STAGE 10: INTERNATIONAL IMPLEMENTATION OF THE FINAL SCALE

In the last stage, the RRI questionnaire was administered in a pre-post procedure in the
second round of the Col (the second phase of the project. The alpha-Cronbach for the
12 selected items was 0.78 for students (N=3117); and 0.79 for teachers (N=224). The r-
correlation between the two items that construct each RRI dimensions are presented in
Table 4.

Table 4
The r-correlation value for two items represent the same RRI dimension

RRI Dimension Students Teachers
Engagement 0.301%*** 0.393***
Gender Equality 0.307*** 0.253***
Science Education 0.259%** 0.245%**
Open Access 0.335%** 0.407***
Ethics 0.257*** 0.304***
Governance 0.344%** 0.418%**

*** p<0.0001

ETHICAL ISSUES

The evaluation was carried out according to the ethical issues and precautions
described in the Irresistible Description of Work (lrresistible, 2015). To ensure
anonymous analysis of the research data, each surveyed CoL member was represented
by a personal code which cannot be tracked back to the respondents’ identity but can
be used to connect an individual's responses for the pre- and post-tests. According to
EU regulations, participating schools, students and parents returned consent forms,
also containing information about the research (Irresistible Description of Work, 2013).
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USING THE RRI QUESTIONNAIRE IN EDUCATIONAL RESEARCH

The RRI questionnaire was used in ten European countries who participated in the
Irresistible project. Teachers who were members in the ColL and their students who
learned the Irresistible modules filled the questionnaire in a pre-post procedure. In this
part we present the results gained from the Israeli teachers and students, and present
them in the context of the results obtained by all the Irresistible teachers and students.

POPULATION

The numbers of teachers and students who completed the questionnaire are presented
in Table 5.

Table 5
Number of teachers from the different countries who completed the questionnaire
Teachers who completed the Students who completed the
County
questionnaire questionnaire
Pre Post Pre Post

All 216 225 3181 2332

Israel 28 28 136 78
RESULTS

The results will be presented according the 3 parts of the questionnaire: (1) attitudes
towards the RRI dimensions, (2) responsibility of different stakeholders in the real
world and in an ideal world, and (3) Teacher experience in integrating social issues in
science education. The final scale was used in its on-line version (Each country used the
translated questionnaire to its own language, see Table 2 for details).

ATTITUDES TOWARDS THE RRI DIMENSIONS

This part of the questionnaire was administered to teachers who participated in the ColL
and to students who studied the Irresistible modules. Tables 6 and 7 present the
results of the teachers and students respectively, both regarding the Israeli data as well
as the data for the 10 partner countries in the Irresistible project.
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Table 6

Pre-post average scores of teachers' attitudes towards RRI and its 6 dimensions, in Israel

and in the Irresistible project (Comparison between pre and post values were calculated

using two-tailed t-test)

Science Gender Open .
Engagement Education Equality Access Ethics Governance RRI
Pre 3.232 4.1429 3.428 3.375 3.6786 3.1964 3.508
(sD) (0.81) (0.678) (0.79) (0.845) (0.92) (0.906) (0.556)
| Post 3.538 4,615 3.653 4.307 4.2885 3.9808 4.057
Israel (sD) (1.019) (0.454) (0.924) (0.617) (1.04) (0.932) (0.633)
* %
t n.s. 3.027** n.s. 4.598*%*  2279* 3.134 3.389%**
Pre 3.8687 3.97 4.11 4.089 3.98 3.7189 3.957
Al (sD) (0.9) (0.803) (0.796) (0.813) (0.885) (0.975) (0.576)
i‘:i;’:“ Post  4.2895 4.449 45 4.44 4277 4.107 4352
iresistible (52 (0.77) (0.587) (0.672) (0.603) (0.79) (0.89) (0.461)
project
t 5.175%** 7.052%%* 5.429%** 5 Q7%** 3.625%*%*  4.273%** 7.926%**
*p<0.05, **p<0.01, ***p<0.001
Table 7
Pre-post average scores of students' attitudes towards RRI and its 6 dimensions, in Israel
and in the Irresistible project (Comparison between pre and post values were calculated
using two-tailed t-test)
Science Gender Open .
Engagement Education Equality Access Ethics Governance RRI
Pre(sD) 3.768 3.87 3.665 3.54 3.8 3.88 3.757
(0.827) (0.89) (1.06) (0.95) (0.869) (0.85) (0.605)
srael Post(sD) 4.044 4.12 3.897 3.92 4.02 3.846 3.98
(0.73) (0.74) (0.97) (0.938) (0.973) (1.14) (0.564)
t 2.448* 2.085* n.s 2.89%* n.s n.s 2.693**
Pre(sD) 3.92 3.746 3.96 3.68 3.74 3.63 3.77
(0.826) (0.904) (0.92) (0.936) (0.922) (0.933) (0.58)
All the
students Post(sD) 4.01 3.85 4.17 3.83 3.84 3.7 3.908
in the (0.803) (0.866) (0.917) (0.92) (0.89) (0.926) (0.657)
project
. 4.098*** 4.206*** 7.972%%* 5.569%** 4.091%** 2.523* 7.654%%*
* p<0.05; **p<0.01; ***p<0.001
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The findings show that in Israel, the process of teacher professional development in the
Col led to a positive statistically significant difference between the pre- and the post-
test attitudes of teachers toward RRI as a general construct and for 4 of the RRI
dimensions (the dimensions of engagement and gender equality were not statistically
significant), as presented in Table 6. The teachers who participated in the Israeli ColLs
used the modules that were developed in the project and positively influenced the
development of students' attitudes towards RRI (statistically significant for the general
construct, and for all the RRI dimensions, except for gender equality, ethics and
governance), as presented in Table 7.

Regarding the Irresistible project, the findings show that the process of teacher
professional development in the CoLs led to a positive statistically significant difference
between the pre- and the post-test attitudes of teachers toward RRI as a general
construct and for each of the 6 RRI dimensions that compose it, as presented in Table 6.
The teachers who participated in the Irresistible ColLs used the modules that were
developed in the project and positively influenced the development of students'
attitudes towards RRI (statistically significant for the general construct, and for all the
RRI dimensions), as presented in Table 7.

RESPONSIBILITY OF DIFFERENT STAKEHOLDERS IN THE REAL WORLD
AND IN AN IDEAL WORLD

When the Irresistible teachers were asked: "In your country today, what degree of
responsibility does each specific group take (for the consequences of research and
innovation in society and the environment)?" only one significant difference between
the pre- and post-test was obtained regarding the degree of responsibility of the NGOs
(p<0.01). For all the other stakeholders, no differences were found between how
teachers perceived the degree responsibility in the real world between the pre- and
post-test, as shown in Figure 1. The results of the Israeli teachers are presented in
Figure 2. The same trend was obtained by the Israeli teachers: the only statistically
significant difference was the NGOs. In both the overall Irresistible data as well as in the
Israeli data, the stakeholders considered most responsible for RRI were the scientists
and academic institutions, while the stakeholders least responsible for RRI were
consumers and educators.
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Figure 1. Teachers' perspectives regarding degree of responsibility that each of specific
group takes in their country today ("the real world") in the pre- and post-test. This analysis
includes all the teachers in the Irresistible project who filled in the questionnaire (N=213).

** p<0.01.
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Figure 2. Israeli teachers' perspectives regarding the degree of responsibility that each of
specific group takes for RRI in Israel today ("the real world") in the pre and post-test (N=25).
** p<0.01.
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When the teachers were asked: "In an ideal world, what degree of responsibility should
each of specific groups take for RRI (for the consequences of research and innovation in
society and the environment)?" significant differences between the pre- and post-test
were obtained regarding the degree of responsibility of all the presented stakeholders
(p<0.001). A less significant difference was obtained regarding the government (policy
makers): p<0.05. For all the other stakeholders, no differences were found between
how teachers perceived the degree of different stakeholders take in the real world (in
their own country) in the pre- and post-test, as shown in Figure 3. Figure 4 presents the
results for the Israeli teachers. In the Israeli sample, an increase was obtained regarding
the perceived responsibility of all the stake holders. However only four of them had a
significant with P<0.01 (governance, educators, consumers, and NGOs). The last three
stakeholders represent roles that can be taken by the teachers who are educators,
consumers that can be part of NGOs.

%
The
Government
(Spolicy... ok ok
o . The Printed
Academic and Electronic
Institution ?z“ X
edia
Scientists Businesses
== POST
%k sk k %k sk k.
Educators Consumers
*% Environmenta * %

organizations

Organizations (or NGOSs)

Figure 3. Teachers' perspectives regarding degree of responsibility that each of specific
group takes for RRI in ideal word in the pre and post-test. This analysis includes all the
teachers in the project who filled in the questionnaire (N=213).

* p<0.05; **p<0.01; ***p<0.001
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Figure 4. Israeli teachers' (N=25) perspectives regarding degree of responsibility that each of
specific group takes for RRI in an ideal word in the pre and post-test. This analysis includes
all the teachers in the project who filled the questionnaire.

* p<0.05; **p<0.01; ***p<0.001

It is interesting to note that the teachers' perspectives regarding stakeholders with
whom they could be identified (such as educators, NGO, and consumers) received the
lowest values, especially in the pre-test. However, even though teachers' perspectives
regarding these stakeholders significantly improved in the posttest, they were still
lower than the responsibility they assigned to the scientists and academic institutions.
Teachers still perceived that the major responsibility for RRI rests with these two
traditional stakeholders and much less with themselves as teachers or consumers.

TEACHER EXPERIENCE IN INTEGRATING SOCIAL ISSUES IN SCIENCE
EDUCATION

The third part of the questionnaire recorded the teachers' experience in connecting
social issues to scientific content. This section included four questions:

How often have you participated in discussions in science classrooms that deal with
ethical issues of science and society? (For example: "Should we pursue new nuclear
technologies?" or "What are the risks and benefits of nanotechnology applications?")
(1= never ; 5 = often). How often have you participated in classes or workshops that
deal with ethical issues of science and society? (1= never ; 5 = often). How often have
you taught ethical issues relating to science and society? (1= never ; 5 = often). Which
ethical issues in science and society do you think are relevant in regard to developing
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new technologies for? (Each partner was asked to write here the name of the domain
topic of the module which was taught)? Table 8 presents the pre-post average results
obtained for all the teachers who completed the questionnaire. For the first three
questions, responses could be found between 1-5 in the Likert questionnaire. For the
fourth question, the number of the ethical issues suggested by the teachers was
counted and the average presents the average number of issues that was suggested.

Table 8
Teachers' experience with SSI issues as indicated in third part if the questionnaire and
their ability to suggest ethical issue related to the scientific topic of the module in their

country
Sample Question No. Pre (SD) Post (SD) P t
1 2.948 (1.209) 3.53(1.101) 5.203 P<0.001
All the Irresistible 2 2.33(1.13) 2.968(1.09) 5.917 P<0.001
teachers 3 2.812(1.17) 3.304(1.105) 4.473 P<0.001
4 2.942(1.629) 3.298(1.767) 1.748 n.s.
The Israeli- 1 2.11(1.17) 3.5(1.1) 4.28 P<0.001
rresistible 2 1.57(0.98) 2.8(0.89) 4.71 P<0.001
teachers 3 3.1(1.3) 3.4(1.06) 1.04 n.s
4 1.87(2.667) 1.73(4.217) 2.742 P<0.01

In order to explain which ethical issues were expressed by teachers we provide some
examples, taken from the Israeli sample:

"Are the voices of everyone involved equal in the decision making regarding the
innovative solar cells?"; "To what extent do the perovskite-based solar cells
development take into account social and environmental damage?"; "Who will

supervise the influence of perovskite-based solar cells of children health?"

Regarding the Irresistible teachers, in general, the results of part three show that they
reported an increase in their experience to take part in social issues related to scientific
and technological topics and to participate in workshops dealing with these socio-
scientific issues (SSI). These results are reasonable since the teachers participated in
their respective Cols in which such discussions were part of the ColL activity. The
teachers also reported that they tend to conduct more SSI discussions in their classes
(question 3). However, when they were asked to suggest ethical issues that are relevant
to the scientific topic that was part of their Irresistible module, they were able to
suggest more issues but the difference between their pre and post abilities was not
significant (Table 8).

Regarding the Israeli teachers, specifically, the results show that they also reported
an increase in their experience to take part in social issues related to SSI issues and to
participate in workshops dealing with them. However, unlike the general Irresistible
teachers, the Israeli teachers showed no statistically significant difference regarding
their teaching of SSI. Upon closer examination of the data, the reason for this finding
seems to be that the Israeli teachers scored higher than the Irresistible teachers on
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both the pre-test and on the post-test for this item, but that the difference between
these two scores was not statistically significant.

SUMMARY AND DISCUSSION

As mentioned above, one way to understand RRl is to see it as a framework to guide
scientists and technologists, citizens and consumers, as well as other innovators and
societal actors to "become responsive to each other" in terms of the ethical
acceptability, sustainability and societal desirability of the marketable products of
science and technology (Schomberg & Von Schomberg, 2013). Thus, the effort to
implement RRI in society is a broad-ranging goal which relates to many societal groups.
Some of the societal groups involved in this effort include science teachers and their
students within formal and informal science education settings. In order to assist these
groups in implementing RRI, the European Community has established a number of
projects focusing on RRI in science education as mentioned earlier.

The educational focus on RRI in these projects has emphasized the development of
various curricular interventions for teachers and their students. Our interest in
developing a questionnaire to assess attitudes relating to the 6 RRI dimensions has
been to provide educators with a way to evaluate how well teachers and students
internalize the intended educational outcomes of RRI. Thus, such a questionnaire could
provide teachers with a way to obtain feedback about the effectiveness of RRI-based
curricula. It could provide science education researchers with a tool to explore various
issues relating to RRI in science education.

Using a 10-stage development process, we produced a valid and reliable 3-part
questionnaire to evaluate the attitudes of teachers and students regarding the RRI
construct which includes 6 dimensions. We then used this questionnaire to explore
various issues relating to RRI in science education, within the context of the Irresistible
project. We used the questionnaire in a pre-post design with teachers and students to
evaluate to what extent their attitudes were changed during the course of the project,
using curricular modules produced and taught in each of the 10 countries.

There were three parts of the questionnaire that were used to explore the development
of RRI attitudes in teachers and their students, before and after teaching and learning the
various modules developed within the context of the Irresistible project. The first part
explored the RRI attitudes of teachers and their students in the project. The results
demonstrate statistically significant gains in positive attitudes regarding the RRI construct for
both teachers and their students. We can therefore conclude that the process of professional
development in the Communities of Learners (CoLs) in the project led to significant gains in the
teachers' attitudes and that the teachers used the modules developed in the Irresistible project
to positively promote students' attitudes towards the RRI construct, across all 10 partner
countries. It is interesting to note that when we examine the attitudes of teachers and students
regarding the RRI in one country (for example Israel) the change was not significant for all 6 RRI
dimensions. The accumulation of all 10 countries provides a variety of Irresistible modules,
each emphasize different RRI dimensions, and together create a significant change in the
attitudes of teachers and students of the whole project regarding the RRI.
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The second part of the questionnaire explored how teachers viewed the respective
responsibility for RRI taken by potential stakeholders, in the real world as well as in an
ideal world. While the teachers developed stronger attitudes regarding RRI during the
project, their view of their degree of responsibility, as educators and consumers in the
real world, remained relatively low before and after the project. At the same time, their
post-test assessment of the degree of responsibility that educators should take for RRI
in an ideal world increased significantly. This finding leads to the conclusion that the
Irresistible project empowered teachers to begin to expand their ideal role as science
teachers regarding their teaching of RRI in their classrooms. Teachers also developed
higher expectations for all potential stakeholders to take responsibility for developing
RRI in an ideal world—especially NGOs, consumers and educators—which leads to the
conclusion that the project expanded their view of the importance of RRI and the
importance of its implementation by a variety of stakeholders.

Based on the results of the third part of the questionnaire, we can conclude that
the Irresistible project increased the teachers' experiences with ethical issues in science
education. However, teachers' inability to significantly improve their ability to suggest
multiple examples of such SSIs may be explained by the conclusion that they do not
have enough experience in working with ethical issues in the classroom. Another
explanation for the same data is that these findings are module-dependent, i.e., it was
more difficult for teachers to think of multiple examples of ethical issues for the domain
topics of some modules than for others.

One implication of the questionnaire's findings with a sample drawn from 10
countries is that the use of socio-scientific issues (SSI) in science education has not yet
become mainstream in science teaching practice. Yet the findings of the study also
provide a reason for optimism. Although teachers originally expressed the attitude that
educators and consumers have a low responsibility for RRI, after teaching the RRI-based
modules the teachers felt that educators and consumers have a much greater
responsibility for RRI, in an ideal world.

This attitudinal shift—as well as the increase in positive attitudes about RRI as
reported above—may mirror an epistemological shift, based on a pedagogical strategy
that engages teachers and their students into a "knowledge inquiry" (Simonneaux,
2014). According to this line of thinking, epistemological stances are fostered by
pedagogical strategies. For example, a "scientistic" epistemological stance, where
science is understood to be essential to progress and the researcher is accepted as the
essential actor, is supported by a "doctrinal" pedagogical strategy, where the teacher's
authority leaves little room for interaction with the students. Alternatively, an
epistemological stance of "skepticism," which understands that scientific research
produces controversies and risks (as well as breakthroughs) and therefore may be
guided by political and economic choices, is supported by pedagogical strategies such
as "problematising" and assessing uncertainties and risks relating to complex
socioscientific issues (Simonneaux, 2011, cited in Simonneaux, 2014).

More specifically, since the pedagogical approach of the Irresistible Project
included these latter two pedagogical strategies, by raising questions relating to
each RRI dimension (See Table 9), this approach could have fostered an
epistemological stance of "skepticism," first by the participating teachers and
afterwards by their students.
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Table 9
Student Questions Relating to Each RRI Dimension (from Blonder et al., 2016)

RRI Dimension Related Student Questions

Who should be involved?
Are the voices of all those involved equal in the decision-making process?
Engagement What is the decision-making process?
Should people who are not knowledgeable of science influence scientific
decisions?
Is it enough to publish research results in professional journals that are
accessible to the scientific community?
Should studies also publish possible shortcomings and risks?
Should there be an obligation to publish information about patents?
Which ethical values are essential to consider?
Does adhering to ethical standards improve research or hinder it?
Ethics Does the product and its development take into account social and
environmental values?
Is the development sustainable? Does it take into account possible effects on
the future?
What degree of commitment (if any) should the scientist have to science
education?
Science Education o much effort should scientists and technologists be asked to invest, in
order to share their research and development with people who are not
experts in these areas?
What is the proper representation of men and women in R & D work?
What should happen if there is no proper representation of men and women?
Who will supervise the work?
What stages of research and development need to involve the supervision?
Governance What is the source of authority for this supervision?
Do scientists and technologists have an obligation to report their work?
What is involved in the process of supervision?

Open Access

Gender Equality

Science education needs to expose teachers and their students not only to the facts,
principles and discoveries of science, but also to the challenge of how to navigate a
reality in which science and technology produces consumer products, when universities
and research institutes, as well as the military and commercial sponsors of research and
innovation operate with vested interests (Hodson, 2011; Ziman, 1998). While these
vested interests might try to promote "the cultural production of ignorance" for
consumers (Proctor & Schiebinger, 2008) Clearly engaging teachers and students in
actively assessing complex socioscientific issues, using something like the RRI-related
questions presented in Table 9, could act to counter this possibility.

Clearly more work needs to be invested in developing and implementing
curriculum that develop RRI attitudes in science classrooms, as well as in developing
and using tools to evaluate these attitudes in teachers and their students. We suggest
that the RRI questionnaire presented here is one such tool.

We also suggest that the RRI questionnaire can be used to assess the development
of attitudes regarding RRI across other stakeholders involving RRI, such as scientists,
consumers and other members of the general public.
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Appendices

APPENDIX 1: PILOT VERSION OF THE QUESTIONNAIRE

QUESTIONNAIRE TO MEASURE ATTITUDES ON RESEARCH AND
INNOVATION IN TODAY'S SOCIETY

The purpose of this questionnaire is to investigate the attitudes of teachers, students
and scientists, in regard to the role of academic research and innovation in today's
society.

Part 1:

Instructions: Please determine the degree to which you agree with the following
statements (5 = agree a great deal, 1 = do not agree at all.)

Statement 1 2 3 4 5
do not agree a
agree at great
all deal

1. Scientists should be involved in public
programs to make their research results
accessible to students and their teachers in
the science classroom.

2. The results of scientific research should be
published only in professional scientific
journals.

3. Itis alright for a male researcher to prefer
to hire male students, over female students,
given the same qualifications.

4. Scientists should present their research to
the general public in popular lectures.

5. Research institutes should consult with
representatives of the civil community (such
as non-profit organizations for nature
conservation, human rights, and consumer
rights) while they determine the research
topics for the coming work years.

6. Research institutions should concentrate
only on doing research and do not to play an
active role in promoting science learning in
schools.

7. The general community's reactions to any
research topic are not relevant to a scientist in
his/her choice of what research topics to
investigate.
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8. It is not the role or responsibility of
industrialists to think about the social
implications of the products they develop.

9. Even if scientists are not required to do so,
they should to report the findings of their
research to the public agencies that support
their research.

10. Industrialists who develop technology
products should be invited to give lectures on
their work in schools.

11. Government, academic institutions, NGO's
(non-governmental organizations) and
businesses have different interests, so they
cannot share common values.

12. A research institution should make sure to
balance the number of men and women it
hires to work in research groups.

13. Because the business community and the
scientific research community are motivated
by different interests, there is no room for
cooperation between them.

14. One of the responsibilities of a country
should be to encourage young people to study
science and technology in order to get them
interested about work in these fields.

15. Part of the budget of a research proposal
should include the production of free and
open online access to the research's
publications and data.

16. Academic research institutions need to be
regulated by the policy-makers.

17. Having high ethical standards can help
ensure high quality results in science and
technology.

18. Scientists should be the only authority to
determine and regulate the components of
"responsible research."

19. Funding organizations should cooperate
with scientists from academic research
institutions, in order to determine research
topics for funding.

20. Scientists should have a sense of social
responsibility and therefore should stop
conducting research when it is clear that it has
negative implications for society and/or the
environment.

21. When a scientist is required to report
about the details of his/her research, this
negates his or her academic freedom.

22. Science teachers should devote some of
their time to teaching about the ways in which
scientists and society can work together to
solve society's problems.

23. A research director that needs "work
around the clock" should not hire women who
have young children.

24. Scientists should limit their lectures to
other scientists who can understand what
they are talking about.

25. If a large majority of women constitutes a
research group, efforts should be made to hire
more men, in order to have a better balance
of men and women in that group.
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26. Dealing with ethical issues is a constraint
to research and innovation.

27. In order to create a fuller representation
of women with young children in research,
they should be given a longer time to reach
scientific excellence than their male
colleagues.

28. Government has the responsibility to
prevent harmful or unethical developments in
research and innovation.

29. An academic research institution needs to
make all of its research findings available to
people outside of the institution.

30. The government has no place in
prioritizing topics of research in research
institutions.

Part 2:

31. The following groups can each take different degrees of responsibility for the

consequences of research and innovation on

society and the environment.

In an ideal world, what degree of responsibility should each of these groups take? (5 =

to a great degree, 1= to a very small degree)

1
None

5
to a great
degree

The Government (policy planners)

Academic Institutions

Scientists

Educators

Environmental Organizations

Non-profit organization s

Consumers

Businesses

The Printed and Electronic Media

32. In your country today, what degree of responsibility does each of these groups

take? (5 = to a great degree, 1=to a very small degree)

1

to a very
small
degree

2

5
to a great
degree

The Government (policy planners)

Academic Institutions
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Scientists

Educators

Environmental Organizations

Non-profit organization s

Consumers

Businesses

The Printed and Electronic Media

Part 3:

33. How often have you participated in discussions that deal with ethical issues of

science and society? (For example: "Should we pursue new nuclear technologies?") (5
= to a great extent, 1= to a very small extent)

1 2 3 4 5
Never often

34. How often have you participated in classes or workshops that deal with ethical

issues of science and society? (5 = to a great extent, 1= to a very small extent)

1 2 3 4 5
Never often

35. How often have you taught ethical issues of science and society? ( 5 = to a great
extent, 1= to a very small extent)

36. Which ethical issues in science and society do you think are relevant in regard to:
Developing new technologies for solar cells (Each Partner should write here the name
of the domain topic of the Col).
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APPENDIX 2: VERSION 1 OF THE QUESTIONNAIRE

QUESTIONNAIRE TO MEASURE ATTITUDES ON RESEARCH AND

INNOVATION IN TODAY'S SOCIETY

The purpose of this questionnaire is to investigate the attitudes of teachers, students in

regard to the role of academic research and innovation in today's society.

Part One

Instructions: Please determine the degree to which you agree with the 24 following

statements (1- do not agree at all; 5 - agree a great deal)

1.
2.

10.

11.

A 150

Scientists should give lectures about their work in science classrooms.
Scientists should publish their research findings only for other scientists.
(NEGATIVE statement)

It is fine if a male researcher prefers to hire male students over female
students, even though both have the same qualifications. (NEGATIVE
statement)

Scientists should present their research to the general public in popular
lectures.

To decide what topics to research, scientists should consult with
community representatives, such as people who work for nature
conservation, human rights, and consumer rights.

Scientists should focus only on doing research and should not invest time
on promoting learning in schools. (NEGATIVE statement)

People who create products do not need to think about the possible risks
of these products. (NEGATIVE statement)

Scientists should report their findings to the government, even if they are
not required to do so.

Industrialists who develop technology products, such as new cell phones
and computer applications, should be invited to give lectures on their
work in schools.

Government, businesses and non-profit organizations (or NGOs) do not
share the same values, so they cannot work together. (NEGATIVE
statement)

Scientists should try to balance the number of men and women in their
research teams.
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12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Part Two

The scientific and business communities cannot work together because
they are motivated by different interests. (NEGATIVE statement)
Scientists should spend part of their research budget to present their
research online, in a free and open way.

The government needs to regulate scientific research institutions.

Having high ethical standards can help ensure high quality results in
science and technology.

Organizations which fund scientific research should consult with scientists
to decide which research topics to fund.

If it is clear that doing research has negative implications or risks,
scientists have the duty to stop conducting this research.

When scientists are required to report about the details of their research,
this negates their academic freedom. (NEGATIVE statement)

The science curriculum in schools should include topics like how science
solves society's problems.

A scientist who needs people to "work around the clock" should not hire
women with young children. (NEGATIVE statement)

Women and men should have equal rights and responsibilities in scientific
research.

One of the roles of government is to prevent harmful or unethical
practices in research and innovation.

Scientists have an obligation to make their research findings available to
everyone.

The government should not determine which topics of research are more
important than others. (NEGATIVE statement)

All of the following questions should be for the Teachers Questionnaire.

* Only questions #27 and #30 should be included in the Students Questionnaire

25. The following groups can each take different degrees of responsibility for the

consequences of research and innovation on society and the environment.

In an ideal world, what degree of responsibility should each of these groups take? (1=

to a very small degree ; 5 =to a great degree)

The Government (policy planners)

Academic Institutions

Scientists

Educators

Environmental Organizations

Musicians

Non-profit organizations (or NGOs)
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Consumers

Businesses

The Printed and Electronic Media

26. The following groups can each take different degrees of responsibility for the
consequences of research and innovation on society and the environment.

In a real world (in your country today), what degree of responsibility each of these
groups take? (1=to a very small degree ; 5 = to a great degree).

The Government (policy planners)

Academic Institutions

Scientists

Educators

Environmental Organizations

Musicians

Non-profit organizations (or NGOs)

Consumers

Businesses

The Printed and Electronic Media

Part Three

27. How often have you participated in discussions in science classrooms that deal
with ethical issues of science and society? (for example: "Should we pursue new
nuclear technologies?" or "What are the risks and benefits of nanotechnology
applications?") (1= never ; 5 = often)

28. How often have you participated in classes or workshops that deal with ethical
issues of science and society? (1= never ; 5 = often)

29. How often have you taught ethical issues relating to science and society? (1= never
; 5 = often)

30. Which ethical issues in science and society do you think are relevant in regard to
developing new technologies for solar cells?

RRI dimensions (categories in the questionnaire)
i. Statements relating to the dimension of ENGAGEMENT ("Choose together"):

5; 12(Negative) ; 24 (Negative) ; 16
ii. Statements relating to the dimension of GENDER EQUALITY ("Unlock the full
potential"):

3(Negative) ; 11 ; 20(Negative) ; 21
iii. Statements relating to the dimension of SCIENCE EDUCATION ("Creative learning

of fresh ideas"):

1; 19 ; 6(Negative) ; 9
iv. Statements relating to the dimension of OPEN ACCESS ("Share results to advance"):
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23 ; 2(Negative) ; 4 ; 13
V. Statements relating to the dimension of ETHICS ("Do the right thing and do it
right"):
10(Negative) ; 7(Negative); 15 ; 17
vi. Statements relating to the dimension of GOVERNANCE ("Design science for and

with society"):

9 ; 14; 18(Negative) ; 22
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APPENDIX 3: THE FINAL SCALE

QUESTIONNAIRE TO MEASURE ATTITUDES ON RESEARCH AND

INNOVATION IN TODAY'S SOCIETY

The purpose of this questionnaire is to investigate the attitudes of teachers, students in
regard to the role of academic research and innovation in today's society.

Part One

Instructions: Please determine the degree to which you agree with the 24 following
statements (1- do not agree at all; 5 - agree a great deal)

1. To decide what topics to research, scientists should consult with community
representatives, such as people who work for nature conservation, human rights, and
consumer rights.

2. Industrialists who develop technology products, such as new cell phones and
computer applications, should be invited to give lectures on their work in schools.

3. Scientists should try to balance the number of men and women in their research
teams.

4. Scientists should spend part of their research budget to present their research online,
in a free and open way.

5. The government needs to regulate scientific research institutions.

6. Having high ethical standards can help ensure high quality results in science and
technology.

7. Organizations which fund scientific research should consult with scientists to decide
which research topics to fund.

8. If it is clear that doing research has negative implications or risks, scientists have the
duty to stop conducting this research.

9. The science curriculum in schools should include topics like how science solves
society's problems.

10. Women and men should have equal rights and responsibilities in scientific research.
11. One of the roles of government is to prevent harmful or unethical practices in
research and innovation.

12. Scientists have an obligation to make their research findings available to everyone.
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Part Two

13. The following groups can each take different degrees of responsibility for
the consequences of research and innovation on society and the
environment.

In an ideal world, what degree of responsibility should each of these
groups take? (1=to a very small degree ; 5 =to a great degree)

The Government (policy planners)

Academic Institutions

Scientists

Educators

Environmental Organizations

Musicians

Non-profit organizations (or NGOs)

Consumers

Businesses

The Printed and Electronic Media

14. The following groups can each take different degrees of responsibility
for the consequences of research and innovation on society and the
environment.

In the real world (in your country today), what degree of
responsibility each of these groups take? (1= to a very small degree ;
5 =to a great degree).

The Government (policy planners)

Academic Institutions

Scientists

Educators

Environmental Organizations

Musicians

Non-profit organizations (or NGOs)

Consumers

Businesses

The Printed and Electronic Media

ASSESSING ATTITUDES ABOUT RESPONSIBLE RESEARCH AND INNOVATION (RRI)... 155 ‘



Part Three

15. How often have you participated in discussions in science classrooms
that deal with ethical issues of science and society? (for example:
"Should we pursue new nuclear technologies?" or "What are the risks
and benefits of nanotechnology applications?") (1= never ; 5 = often)

16. How often have you participated in classes or workshops that deal
with ethical issues of science and society? (1= never ; 5 = often)

17. How often have you taught ethical issues relating to science and
society? (1= never ; 5 = often)

18. Which ethical issues in science and society do you think are relevant

in regard to developing new technologies for solar cells?*
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