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Science and Technology in Society

The European Commission's "Science and Society" Program,
born in 2007, addressed the involvement from a variety of
perspectives, such as encouraging dialogue between scientists
and other members of the public, promoting ethical standards,
developing tools to allow everyone to access the research
results.

The SIS program also supporteds new ways to engage young
people in science and careers and new ways to achieve better
gender equality in the scientific sphere.

from: http://ec.europa.eu/research/science-
society/index.cfm?fuseaction=public.topic&id=1223&lang=1



A new idea...

Responsible Research and Innovation



Responsible Research and Innovation

An evolving concept...

The forerunners (near and far)

The Italian Constitution (1948)

« Private business initiative is free. It can not contradict social utility or damage
security, freedom, and human dignity. The law sets the appropriate programs and
controls so that public and private business can be addressed and coordinated for

social purposes. » (Section 41)



Responsible Research and Innovation

An evolving concept...

The forerunners (near and far)

The business world (business, corporations)
FROM A PURELY ECONOMIC APPROACH TO A MORE "ETHICAL" ONE

Shareholders_theory, 1970
Stakeholders theory (all the concerned people, even potentially), 1984

Union for an Environmental Responsible Economy, Principles (CERES
Principles), 1989

Business for Social Responsibility (BSR), 1992

Global Reporting Initiative(GRI), 1997

Triple Bottom Line (anche 3BL), 1998

AA1000 AccountAbility Framework Standards, 1999

Corporate Social Responsibility (Responsabilita Sociale d’Impresa) ~2000
Sustainability Reporting Guidelines, 2000

AA1000 Stakeholder Engagement Standard, 2005

(Principle of inclusivity & Stakeholders Engagement)



Responsible Research and Innovation

The term "Responsible Research and Innovation" was initially debated within the
European and Anglo-American communities concerned with the policies of
Science, Technology and Innovation. The RRI is part of a general approach to
governance in science and technology that aims at linking the impact of innovation

with the questions and values of society.
from Technopolis Group — Fraunhofer ISI December 2012

"First Producers" of "Intermediaries" for the Production and Distribution of
Research and Innovation: Research and Innovation:
Providers of financial instruments, information and

Universities and Companies Hels _ )
involved in Technological communication technology experts, public policy makers,

Development responsible for community innovations in the areas of

\ distribution, services or system

RRI £ To connect the involved communities

Private Groups and Non-Governmental Organizations :

Business and business community; Groups interested in
sustainable development, Defense of human rights,
Consumer protection



Responsible Research and Innovation

RRI is a process through which all the "actors" of society (researchers,
citizens, politicians, industry ...) work together during all Research,
Development and Information activities to align Research and

Development to the values and expectations of the Civil Society

13



Responsible Research and Innovation

Starting from 2012, within the framework of 2014-2020 planning, the
European Commission uses the term "Responsible Research and
Innovation" (RRI) to conceptualize the challenges already tackled in the SIS
theme. Therefore, RRI can be considered as an evolution of the FP7 SIS
line that leads to transforming the themes pursued by the SiS programs into
the underpinnings of Horizon 2020, the program that replaced the previous
7t Framework Programs (FP7)

Currently in Europe, the European Commission is an important supporter of
the RRI concept within the European Research Area. Behind the concept of
RRI is the idea of increasing European growth and creativity by evolving
European research and innovation processes towards greater inclusiveness
and making all actors responsible for developing appropriate solutions to
European social challenges.

from Technopolis Group - Fraunhofer ISI December 2012



A REPORT ON RESPONSIBLE RESEARCH & INNOVATION
HILARY SUTCLIFFE, DIRECTOR, MATTER

(ON THE BASIS OF MATERIAL PROVIDED BY THE SERVICES OF THE EUROPEAN COMMISSION.
PREPARED FOR DG RESEARCH AND INNOVATION, EUROPEAN COMMISSION)

Report (“a new 'action tank' dedicated to having new technologies work for us all”)
commissioned by the European Commission for Research and Innovation (DG
RDT) to the private agency MATTER in order to obtain a "Brief and easily
understandable” view of the state of the art of this new field.

MATTER's director, Hilary Sutcliffe, signs the Report as a product of her own
thinking, not necessarily shared nor by the European Commission, or by the
Businesses Group or by the MATTER Steering Group.

http://ec.europa.eu/research/science-society/document_library/pdf _06/rri-report-hilary-sutcliffe_en.pdf
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Responsible Research and Innovation

Which activities can be considered RRI?

Activities that highlight the environmental and social benefits of scientific innovation
Activities to inspire the active involvement of the society components

Activities that focus on social, ethical and environmental issues

Activities to apply openness and transparency in research and innovation processes
Activities involving interested parties in active construction of conscious scientific
knowledge and information exchange

Inquiry Based Ethics

Gender Equality Science Open
Engagement Education Access



Inquiry Based Science Education



Inquiry Based Science Education

An approach to Teaching / Learning
Science through the application of

scientific Investigation strategies



But what Is actually meant by scientific inquiry?

* A systematic process aimed at obtaining
descriptions and explanations of the natural
world phenomena, making them more and more

adherent to what really happens around us ”



A fairly common definition of IBSE found in the literature is the
one given by Linn et al. (2004):

Inquiry is a deliberate process of :

» Diagnosing problems

e Critically analyzing situations

* Distinguishing among various possible alternatives

* Planning study and exploration activities

 Building conjectures

« Searching for information

e Constructing models

« Comparing ideas in a peer-to-peer context and elaborating
coherent arguments

Linn, Davis, & Bell, 2004; Internet Environments for Science Education, Lawrence Erlbaum Associates



"Inquiry” Is, therefore, an active exploration process

Through it, critical, logical and creative skills are put in place to
ask guestions about situations of specific interest and engage
In answering these guestions

The Inquiry process helps to connect previous knowledge
with new experiences, to modify and accommodate
preconceived ideas and conceptual models, and to build new

knowledge. (from Douglas Llewellyn, 2002)

D. Llewellyn, Inquiry Within: Implementing Inquiry-based Science Standards (Corwin Press, Inc. Thousand Oaks,
California, 2002



The National Science Education Standards (NSES), developed by National
Research Council USA in 1996(www.nap.edu),

They refer explicitly to the typical mode followed by scientists to do research,
defined as a "inquiry cycle", which can be represented in different idealized forms,
such as those shown in the following figures:



The National Science Education Standards (NSES), developed by National
Research Council USA in 1996(www.nap.edu),

In NSES it is also stated that students of all school levels can greatly
Improve their learning by conducting research-like activities and
understanding the methods through which scientific research is developed

(p. 105):

" Scientific Survey is a basic activity for science teaching itself and is
a founding principle for organizing and selecting student activities. ...
Students of all school levels should be allowed to use scientific
iInquiry and to develop the ability to think and act through the

methods associated with scientific investigation. “



| National Science Education Standards (NSES), elaborati dal National
Research Council USA nel 1996 (www.nap.edu),

Ask questions
Plan and conduct surveys

Use the most appropriate techniques and tools to
collect data

Think critically and logically about the relationship
between experimental evidence and its explanations

Build and analyze alternative explanations

Communicate, in a peer-to-peer context, scientific
arguments



According to many authors who report about learning results based on scientific
research, the basics of "Inquiry Based" methods must be sought in constructionist
pedagogy( see, for example, D. Llewellyn, 2002; Inquire Within, p. 47).

Theories of constructionist learning define
learning as a progressive and strongly
contextualized process.

As shown in the figure on the right, which
can be considered an extension to the one
we already mentioned, each step
corresponds to different opportunities for
students to seek and build meaning from
the real world experience and from
reflection on it .



Through such an
approach, students
build their
explanatory mental
models while trying
to reflect on their
own experiences.

The construction of
these models
ultimately allows
learners to develop
cognitive skills and
other skills that will

be valuable
throughout their
lives.

Just as Scientific
Investigation is
Intended to give
answers to the
guestions scientists
are posing, inquiry-
based learning is
designed to enable
learners to build
responses to their
own guestions
through a clear and
(possibly) rigorous
scientific
methodology



The“ 5 E“ Model (Bybee, 1993)

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



The* 5 E“ Model (Bybee, 1993)

http://www.nasa.gov/audience/foreducators/nasaeclips/5eteachingmodels/



The“ 5 E* Model (Bybee, 1993)

In the "Engage" phase, the teacher (and/or
students, depending on the type of IB
activity) set up the learning environment to
Intercept as much as possible the student's
Interest and generate curiosity and interest
In the topic

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



The“ 5 E* Model (Bybee, 1993)

"Explore" i1s the beginning of the real
engagement of students in IB activity.
They seek information, possibly (and
hopefully ...) ask questions, develop
hypotheses to be verified, collect data.

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



The“ 5 E* Model (Bybee, 1993)

The "Explain” phase is the one in which
students build models (descriptive or
explicative), discuss the results among
them and with the teacher and learn to
share and communicate what they have
learned.

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



The“ 5 E* Model (Bybee, 1993)

In "Extend* students enrich the concepts
and ideas they have developed before,
build relationships with other concepts and
ideas first and try to apply their
understanding to different phenomena,
generalizing their knowledge.

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



The“ 5 E* Model (Bybee, 1993)

During the "Evaluate" phase which, in spite
of its position at the end of the "5E" list,
should be carried out throughout the course
of IB activity, students and teachers carry
out an evaluation of their work.

Students analyze, judge and evaluate their
results, comparing them with what was
done by their comrades.

This last phase is the one that allows the teacher to determine
the effectiveness of IB activity in shaping a "meaningful and
authentic" knowledge in students.

R. W. Bybee, An instructional model for science education, in Developing Biological Literacy
(Biological Sciences Curriculum Study, Colorado Springs, CO, 1993).



From5Eto6 E



From5Eto6 E

Learning
process

ELABORATE
EXTEND




From5Eto6 E

The "Exchange" phase engages
the students in designing and
developing a scientific exhibit.

In this phase, the above
procedures will be applied again
(ask questions, build arguments
and explanations, analyze
alternative options based on
results, communicate scientific
arguments), to transform science
from process to product (Hawkey
2001) and maximize the effect on
students learning.

R. Hawkey, Innovation, inspiration, interpretation: museums, science and learning, Ways
of Knowing Journal, 1(1), 2001.



What's really new in the use of Sciecific Inquiry Strategies compared to
the traditional lab-based science teaching?

Traditional teaching approach

The teacher is the primary provider of
information

In the lab, students are mainly
engaged in verifying physical laws
and models

Students work in groups under the
guidance of teaching material
provided by the teacher

The final construction of "knowledge”
is always entrusted to the teacher

Inquiry-Bases Teaching

The teacher facilitates the search for
information, which is mainly done by
students

Students build (at different levels)
their work plan

In the lab, students focus their attention on
collecting, processing and analyzing the
data required by their plan

Students draw new conclusions and
formulate principles, and laws from
the data



Students’ role in Inquiry-Based educational activities

Students:

are committed to answering questions that lead them to empirical research,
to gather and use data to develop explanations for the scientific phenomena
they are studying;

give particular importance to experimental evidence and use it as a starting
point for building explanations of natural phenomena;

build models aimed to answer science-oriented questions and, as a
consequence, build high-level cognitive skills;

communicate and discuss, in a peer context, their explanation models,
developing critical information review skills, crucial at all times in their future
life.



Teachers’ role in Inquiry-Based educational activities

Teachers:

plan a scientific inquiry program for their students by selecting strategies that support
student understanding and building a learning community by choosing content and
contexts that may meet students' interests, skills, and experiences;

facilitate learning, focusing on scientific research, organizing working groups and
discussions, challenging students to accept and share the responsibilities associated with
their own learning, recognizing diversity among learners and enhancing them;

activate continuous assessment strategies of their teaching and student learning, trying to
constantly inspect student understanding, guiding student self-evaluation, reflecting and
improving teaching practice;

manage learning environments by structuring student work times, setting work to support
scientific inquiry, identifying resources in and out of school and making these resources
accessible to students;

encourage the development of communities devoted to scientific learning in their classes,
highlighting the different ideas, skills and experiences of learners, entrusting students with
responsibility, facilitating collaboration between students.



But are all educational activities based on Inquiry the same?

It is possible to introduce a sort of "hierarchy" into inquiry-based teaching activities,

based on the level of intellectual sophistication and student participation

Level 1: Interactive demonstation

The teacher conducts the scientific demonstrations and manages the
experimental apparatus, but asks questions to the students, asking for predictions
about what may happen by operating in a certain way and asking for explanations
of what has been observed. In this way, he/she tries to lead the students to the
construction of correct scientific conclusions.

In such an activity, Inquiry is mainly related to the answers and explanations given

by the students.



Level 2. Guided Discovery
Similar to Interactive Demonstrations but, in this case, students conduct the

experiments previously introduced by the teacher.

This is basically a traditional laboratory activity conducted under the guidance of a
worksheets given by the teacher and containing instructions for conducting the
experiments. In order to develop communication skills in learners, the laboratory
work is divided in "small group” and "large group" activities. During the latter, great
importance is given to the critical review of information obtained from small group

work and information previously communicated by the teacher.



Level 3. Guided Inquiry
In this case, students work in small groups on experiments identified by the

teacher based on well-defined goals: "Find this ...", "Determine that ...".

There is no predetermined response or result and the conclusions are based only
on the students' results. However, students are provided with hints and
instructions on how to operate with the lab tools, and the teacher can guide

activities through questions and problems to be posed while developing activities.



Level 4. Bounded Inquiry

Similar to Guided Inquiry, but in this case, students are expected to plan and conduct
the experiment with little or no guidance from the teacher and limited pre-laboratory
preparation. The research problem to be solved is provided by the teacher but the
students are responsible for designing and conducting the work, collecting data and

building descriptions and explanations of what it is observed

Level 5: Open Inquiry

At this last level, it is expected that student will propose and develop their own

research questions and design and assemble their experimental apparatus.

It is evident that this is an activity for students with proven IB experience and skills.
Example: "Set up a study aimed at sound analysis or speech recognition". Students
will be able to compare high and low tones, male and female voices, sounds produced

by musical instruments, noises, etc.



Some examples in the classroom ...



The FP7 “IRRESISTIBLE”
Project

14 Universities and Science Museums from 10 European
Countries, for a 36-month commitment starting from
November 2013

To promote and develop RRI
through the construction and testing
of IB teaching/learning pathways in
Secondary Schools and in Science

Museums



The FP7 “IRRESISTIBLE”
Project

In Palermo ...

Phase 1: Creation of a Community of Learners (C.O.L.)
made by university researchers and Secondary School
teachers. Development of a Teaching/Learning pathway on
Nanotechnology and "Sustainable" Solar Power Generation.
Pilot trialling of the pathway with Secondary School students

Phase 2: C.O.L. spreading out and dissemination of the
pathway with all the students of the schools involved.



The FP7 “IRRESISTIBLE”
Project

Structure of the T/L pathway

Pre test Engage
Introduction to RRI and discussion Engage

Sustainability of energy transformation processes
Engage

Experimental activities on thermal and electrical effects of light
In a university lab Engage- Explore-

Explain- Elaborate.



The FP7 “IRRESISTIBLE”
Project

» Research activities on renewable and non-

renewable energy sources. Explore- Engage

»Production of materials and sharing. Elaborate

»Assembling a "Graetzel Cell" and measurements.
Explore

»Preparation and presentation of a exhibit to a
"Science Fair”. Elaborate-Exchange-Eva

» Post test. Eva

uate

uate



The FP7 “IRRESISTIBLE”
Project

A Sustainable Solar Cell: Graetzel Cell or "Dye Sensitized Solar Cell"

Gratzel cells (or DSSCs or DSCs) are particular photoelectrochemical cells
consisting of two conducting glasses, which act as electrodes, separated from the
active material and the electrolytic solution by a layer of titanium dioxide (TiO2),.



The FP7 “IRRESISTIBLE”
Project

The active material is a dye which transfers electrons to titanium dioxide following
absorption of photons.

TiO2 is a semiconductor, used as a base on which a large number of dye molecules
are bound. To improve performance, the TiO2 layer is heated in a furnace to form a

structure with nanostructured porosity to increase the surface to which the dye can be

fixed, increasing the active area.



The FP7 “IRRESISTIBLE”
Project

The electrolyte solution, generally based on iodine (12) and potassium iodide (KI),
has the task of allowing the transport of the electron hole formed at the same time
as the electron emission when the dye molecule interacts with a photon. In this
way the electron lost through oxidation is returned to the dye and the cycle can

then be repeated indefinitely



The FP7 “IRRESISTIBLE”
Project



The FP7 “IRRESISTIBLE”
Project

Some examples of lab work

Heating of
different
substances by
light radiation



The FP7 “IRRESISTIBLE”
Project

Measuring the resistance of the
faces of the Graetzel cell slides
to determine what the conducting

face Is



The FP7 “IRRESISTIBLE”
Project

Immersion of titanium
dioxide covered slide
In blueberry juice



The FP7 “IRRESISTIBLE”
Project

Preparation of
the counter
electrode: A layer
of graphite is
deposited on the
conductive part of
the slide



The FP7 “IRRESISTIBLE”

Project

The assembled cell:

The two electrodes are
superimposed after some
electrolyte drops have been
deposited between them



The FP7 “IRRESISTIBLE”
Project




The FP7 “IRRESISTIBLE”
Project



The FP7 “ESTABLISH” Project

14 Universities and Research Centres from 11 European
Countries, for a 48-month commitment starting from January
2010

Promote and develop Inquiry-Based
Science Education strategies in
Lower and Upper Secondary
Schools




The FP7 “ESTABLISH” Project

Inquiry-Based teacher training activities at
the University of Palermo

Introduction to Inquiry-Based Methods.

Critical analysis of a work unit submitted
by partners:

Sound

22 Secondary School teachers during
School Year 2010/2011



The FP7 “ESTABLISH” Project

Inquiry-Based teacher activities at the
University of Palermo

Development and trialling of a T/L unit::

Designing a Low Energy Home:
Heating and Cooling

An Inquiry-Based Approach to Thermal
Phenomena for Secondary School students

22 Secondary School teachers during
School Years 2010/2011 and 2011/2012



The FP7 “ESTABLISH” Project

Inquiry-Based teacher activities at the
University of Palermo

Trialling of three T/L units:

Blood Donation

Direct Current Electricity
University of Kosice (Slovakia)
Light

Dublin City University (Ireland)

22 Secondary School teachers during
School Years 2012/2013



















































ESTABLISH: sharing the results

10 teachers took part
to the ESTABLISH
International Teacher
Conference at Dublin
City Universit” (DCU)
from 7th to 9° June
2012.

They discussed their
results with
colleagues from all
the partner countries












