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Our current research issue

How can the contents of science (physics) be
reconstructed so as to make disciplinary
learning a place to develop competencies to
deal with the future?



Phenomena observed also in
secondary school physics classes:

* the (objective) difficulties of the younger generations to cope
with an unpredictable future and with the global challenges
of this fragile world (viewless/invisible horizon);

* the difficulties to find in the past clues to interpret the
present (speechless past);

* afrantic present, completely oriented toward seizing the
moment, sniffing out every opportunity, and keeping open all
possible scenarios (frenetic standstill).

“Society of acceleration” (Rosa, 2013)
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Challenging questions for science education
researchers and teachers:

(i) how can physics teaching provide the students with
opportunities to experience the present as a real moment
of world understanding, sense-making and self-
construction?

(i) how can physics teaching contribute to developing
competencies for managing, rationally and emotionally,
uncertainty towards the future and to push imagination
forwards?

(iii) how can physics teaching foster the development of a
dialogue with a past able to grasp the present?

- O
R |))< SEE
= It's your time to imagine the futures



Challenging questions for science education
researchers and teachers:

(i) how can physics teaching provide the students with
opportunities to experience the present as a real
moment of world understanding, sense-making and self-
construction?

(ii) (iii)

1. Levrini O., Fantini P., Pecori B., Tasquier G., Levin, M. (2015). Defining and
Operationalizing ‘Appropriation’ for Science Learning, Journal of the
Learning Sciences, 24(1), 93-136,.

2. Levrini O., Fantini P. (2013). Encountering Productive Forms of

Complexity in Learning Modern Physics. Science & Education, 22 (8),
1895-1910.



Challenging questions for science education
researchers and teachers:

(i) how can physics teaching provide the students with
opportunities to experience the present as a real moment
of world understanding, sense-making and self-
construction?

(ii) how can physics teaching contribute to developing
competencies for managing, rationally and emotionally,
uncertainty towards the future and to push imagination
forwards?

(iii)  how can physics teaching foster the development of a
dialogue with a past able to grasp the present?
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Future in science

* Future is intrinsic to science;

* Futureis absorbed and integrated into the epistemological
structure of physics and is closely linked to the models of
causal explanation gradually elaborated by science.

“We have acquired many certainties through science but twentieth-century
science has also revealed many areas of uncertainty. Education should
include the study of uncertainties that have emerged in the physical
sciences (microphysics, thermodynamics, cosmology), the sciences of
biological evolution, the historical sciences.”

(E. Morin, The seven complex lessons in education for the future, 2001)
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Future in science

Quantum
physics: the
(non-epistemic)
probabilistic
e models for

Science of
complex

physics: prediction systems

deterministic
predictions and
linear causality

A new vocabulary: uncertainty, space of
possibilities, future scenarios, projection

instead of deterministic prediction, feedback
and circular causality...




Future-scaffolding skills:

abilities that enable students to construct visions of the future
that empower action in the present with an eye on the horizon

Future-scafolding scientific

(-hard) skills: scientific
concepts that can be turned into
skills to support a new way to
think and to talk about future
(uncertainty, space of possibilities,
future scenarios, projection
instead of deterministic
prediction, feedback and circular
causality).

Future-scaffolding transversal

(-soft) skills: transversal skills that
come from future studies, sociology
and labour market (soft skills) and
that can support students to push
imagination toward the future (e.g.
strategic thinking and planning, risk
taking, possibilities thinking,
managing uncertainty, creative
thinking, modelling and
argumentation.)




The | SEE Project
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Goal: to design innovative approaches and teaching modules to foster students’
capacities to imagine the future (future-scaffoling skills) and aspire to STEM
careers.

Intellectual Outputs: In order to realize future-scaffolding skills in STEM

education, the | SEE partnership will develop innovative teaching-learning

modules and guidelines for teachers, research reports and policy

recommendations.
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Pre- | SEE module &
results from a pilot-study



Context of the teaching experiment

School: Scientific Lyceum “A. Einstein” in Rimini (our partner)
Class: IV B (grade 12t)

Teacher: Professor Paola Fantini

Position in the curriculum: at the end of thermodynamics path

Kind of meetings: 7 extra-curricula, after-school time, only for
volunteers

Students involved: 24/25 (15 females and 9 males)

Research group: Laura Branchetti, Paola Fantini, Olivia Levrini,
Monica Russo, Giulia Tasquier, llaria Venturelli
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e
Aims (1/3)

* To enhance students’ knowledge on climate change and
develop a critical and rational attitude about the debate on the
topic



e
Aims (2/3)

* To enhance students’ knowledge on climate change and
develop a critical and rational attitude about the debate on

the topic

In particular, the students were guided to:

i. understand the energy balance mechanism that lays
behind the greenhouse effect;

ii. grasp the concepts of circular causality and feedback;

iii. understand the role and the specificity of the modelling in
the analysis of complex systems, such as the concept of
scenario, the difference between prediction and
projection;

iv. become familiar with the language of the IPCC reports
(Intergovernmental Panel on Climate Change)
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e
Aims (3/3)

* To develop skills in “European Project Planning” consistent with
the methodologies of Goal Oriented Project Planning (GOPP)
requested from the labor market

* To transform “Project Planning” skills in tools for structuring
thought in order to let students imagine their future
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The “module”

Meeting Meeting Meeting | Meeting | Meeting | Meeting | Meeting

1.1 1.2 1.1 1.2 1.3 1.4 11.5

Part I. Climate change Part Il. Project Planning

(*) Extra-school meetings of 3 hours each
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.
The “module”

Analysis of the “present situation” through the
application of GOPP strategies: Four-phase analysis of a
complex text, built as a summary of the IPCC reports
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clntroduction to PCM
and GOPP
methodology
eExercises on that
methodology

e Meeting 11.1

¢ Application of PCM
methodology for
analysing a text on
Climate Change
(team work)

creative idea for
building a project and
starting from a call
(team-work)

e Meeting 11.3

*Design of the project
(team-work)

\
] el Veeting 1.2 AT—— el Veeting 11.4

.

N

(-Presentation of
students’ projects

e Meeting 11.5
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Phase I: Individuation of the problems and their causal relationships

THE GLOBAL WARMING ISSUE

Global warming, in climatology, indicates an increase in the average temperature of Earth's surface
and recorded in different phases of the climatic history of the Earth. The expression is now almost
always used with heating significance due to the anthropogenic {i.e. human) contribution, decisive
in the heating phase of the last 100 years. The fifth report of the Intergovernmental Panel on
Climate Change (IPCC) in 2014 estimated that the average global surface temperature has
increased by 0.85 [0.65-1.06] °C in the period 1880-2012. Most of the phenomena that cause the
rise in temperature since the mid-twentieth century are considered, within the IPCC report,
anthropogenic. These phenomena are responsible for an increase of the natural phenomenon of
the greenhouse effect. The natural greenhouse effect is part of the complex of thermal equilibrium
adjustment mechanisms of a planet (or satellite) surrounded by an atmosphere, which, if it
contains certain gases called greenhouse gases in fact, produces the overall effect of mitigating the
temperature the global average surface of the planet, isolating partially by large swings in
temperature or that would subject the planet in their absence. For giving an idea of the
phenomena regarding the Earth, in the absence of greenhouse gases, by the equation of balance
between in- and outgoing radiation is one which average surface temperature of the Earth would
be of about -18 °C whereas, thanks to the presence of greenhouse gases, the actual value is about
+14 °C, enabling life as we know it. [...]
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increaso o scil Phase Il: the construction of

the “problem tree”
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Phase Il: the construction of

the “problem tree”

Rising of sea Melting Heavy Tropical Heat waves
Temperature glaciers rainfalls 5 cyclones and droughts
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rospase ol soom Phase lll: the transformation of

the problems tree into an
Increase of territory Objective tree
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. a Phase IV: clusterization
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.
The “module”

clntroduction to PCM
and GOPP
methodology
eExercises on that
methodology

1

e Meeting 1.1

Development of future-scaffolding skills:
design of an European-like proposal
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el Veeting |1.2
/

e Application of PCM
methodology for
analysing a text on
Climate Change

(team work)

( eIdentification of a
creative idea for
building a project and
starting from a call
(team-work)

e Meeting 11.3

7~ \
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el Veeting 11.4

eDesign of the project
(team-work)

.

N

(-Presentation of
students’ projects

e Meeting 11.5
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CALL: Rimini, the ideal future city in which living

The project will help to achieve at least three general objectives, among the following:

1. Reducing emissions by one or more of the major players in the business world (industry, agriculture, energy, tourism, fishing ...)
influencing the conduct;

2. Reducing emissions from individual and collective behaviours, by making citizens understand the effects of their energy and
food consumption habits on the problem of rising greenhouse gases;

3. Promoting and/or encourage the use of alternative energy and the development of environmentally friendly technologies;

4. Imagining innovative forms of urban planning (smart cities) with the help of ICT tools (information and communication
technology) in order to ensure a sustainable development and a better quality of life (housing security, transport, green areas,
etc. );

5. Promoting active citizenship actions in areas at high risk of marginalization on climate change issues in order to reduce social
vulnerability;

6. Promoting information, communication and/or education strategies aimed at encouraging a cultural change related to climate
change and problematize the science-culture-society relationship;

7. ldentifying forms of exploitation of the historical, cultural, environmental and social heritage in order to promote a
“responsible tourism” and, with this, to encourage cultural change processes aimed at reducing social and territorial vulnerability;
8. Influencing policy makers to promote policies that encourage mitigation and/or adaptation in the economic and productive,
scientific and social world;

9. Promoting and supporting scientific research on climate change and influencing the world of scientific research in order to
promote scientific communication and dissemination of high cultural profile and high social, political and economic impact.
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TEMPLATE
1) TITLE (use also an acronym)

2) OBJECTIVES (1 page of description and graphical representation)
Describe what the overall objectives of the call (from 1 to 9) the project refers and describe the specific
objectives of the project with any sub-objectives

3) “CONCEPT” (1/2 pages)
Describe the central idea that characterizes the project and gives coherence to the multidimensionality of the
objectives and activities.

4) TEAM
Describe the composition of the participants using the table below

Table 1 — THE TEAM

Physical or legal person (e.g., Skills and type of expertise |Role in the project

Template

6) STAKEHOLDERS (1/2 pages)
Identify the actors (different form the target groups), which must be involved in the project to maximize the
probability of success and describe the type of involvement (why and how you plan to involve them).

7) GANTT CHART
[ustrating the temporal organization of the activities by using the GANTT CHART attached.

Year
IIH >

association / organization) OB1 E E - -t
All \ ) | L .
Al2 \ \ \ i .
A D e R I ) H ) oy
: et IO L O
Aln SN S A R N L O O
(1 B U U A L S I O O O
A2l \ \ (R (N [ I
A22 | \ [ L v 1 E
AZn A AT BRI
S TR B T i A ot I B
ESER 0
A2 : N O O O O A O
5) SET OF ACTIVITIES SCHEDULED FOR THE GOALS AND DIFFERENT TARGET GROUPS | | ' : ' | ! | i
Describe how they intend to meet the objectives and target groups, using the table below Aln - e :

Table 2 - Set of activities and target group

What (specific objective) [How (Activity*) To Whom (Target Group)

OB1

s01.1 A 1.1.1
A 1.1.2

SOlL.n ALn 1

0OB2

802.1 A 2.1.1
A 2.1.2

S02.n A2 n 1

QBmn

SO m.1 A m.1.1
A m.1.1

SQm.n, JAm.n.1

(*) To describe the set of activities, take as reference the strategic actions contained in the call and organize
them in packets of useful activities able to achieve the goals or the sub-goals.

Figure 1 — prototype of a filled in GANTT CHART

8) IMPACT (1 page)

Describe how the project results will contribute to achieving the general objectives set out in the call and, more
generally, to reduce the risk and/or the social vulnerability to climate change, by making Rimini the ideal city
to live in 2030.
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clntroduction to PCM
and GOPP
methodology

eExercises on that
methodology

e Meeting 1.1

The “module”
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el Veeting 1.2

e Application of PCM
methodology for
analysing a text on
Climate Change
(team-work)

( eIdentification of a
creative idea for
building a project and
starting from a call
(team-work)

e Meeting 11.3

Students’ presentation and
projects’ evaluation

— U g R

*Design of the project
(team-work)

.

(-Presentation of
students’ projects

e Meeting 11.5
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-
Data collection

MAINDATASOURCES  (loVichion  ISSUEDIMENSION
B D E CC Imaginary  Creativity

Written essay (about future in 2030) X X X X X
Projects made by group of students (5) X X X
Audio-recorded of groups’ work X X
Audio and video recorded of the meetings X

Researchers notes X

Individual semi-structured interviews X X X X

Legend of the table: B: beginning of the path; D: during the path; E: at the end of the path
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Students’ imagine of future - BEFORE



X

({©))

e
... relation with changes

Political
6%
Technological A NO
38% ° CHANGES
= 32%

Environmental/
Climatic
34%

YES
CHANGES
68%

DIMENSION OF CHANGE

Science
Fiction
31%

RELATION WITH
TECHNOLOGY

e & & 1)k See

It's your time to imagine the futures.




=
o

... attitude toward future and climate change
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Image of future - AFTER

!

Emerging of a scaffolding that allowed
the view become clearer and wider
and the future closer



Scaffolding : WIDENING & APPROACHING

8 -

7 -

6 -

5

4

3

2

1

Wid1l Wid2 Wid3 Wid4
7 -
6 -
5 -
4 -
3 -
2 -
1 -
0
OO LN -
O_ ':O 1\0/1
e

Wid1: knowledge of the topic;
Wid2: range of possible actions;

Wid3: range of new ways of thinking and
looking at the problem;

Wid4: awareness and confidence in their
own potential and their role of agents.

Apl Ap2 Ap3
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Scaffolding : WIDENING & APPROACHING

Wid1: knowledge of the topic;

Wid2: range of possible actions;

Wid3: range of new ways of thinking and
looking at the problem;

Wid4: awareness and confidence in their
own potential and their role of agents.

Wid1l Wid2 Wid3 Wid4
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The future became:
(Ap1) thinkable and imaginable;

(Ap2) concretely approachable through
achievable actions;

(Ap3) within their reach.
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«The project has helped us to think, to do something in relation to
something else [...] what | learned about to move from problems to
goals struck me a lot, it also "woke me up", in the sense that many
times we perhaps see all the problems and we do not see even a
positive thing, with this project we have seen that and how we can act
and otherwise things are feasible, we didn't that talk about abstract
things. [...] If we are too much focused on one thing we can not see it in
a global [...] instead we must always have a vision both global and
transversal, and then of course, when needed, we must able to go in
the detail, but always remembering the context in which you are.»
(Elena)

- O
S I\ A | ))< SEE
It's your time to imagine the futures



«For me, the activities have especially opened my mind and
opened many ways more than | had before. At the beginning, the
activities have demoralized me so much because | thought, of
course, to not be able to get there, however, | thought to not have a
mind that could look ahead to what | can see now, better to what |
could not see before, rather through the project | am really able to
get to the point where | thought that my mind does not arrive. [...]
The project changed my way of thinking, not only for me also for
the others..» (Sara)
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-
Results

The main result concerns the change in the
perception of future that students’ discourse
reveals: from far and unimaginable, it became
thinkable as a bunch of possibilities,
addressable through concrete actions and at
their reach, in the sense that they found room
to see themselves agents of their own future.

Tt 0]
& o | ))< SEE
™y s It's your time to imagine the futures



e
Results — crucial steps

- Analysis of a complex problem and its transformation in a problem
tree

From an unmanageable problem to a

problem cognitively manageable

- Transformation of the the problem tree into an objective tree

From a problem to a challenge

- Research of the creative idea for the project

The exploration and the challenge of their

9 IR potentiality

It's your time to imagine the futures.
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* The goal within the project: drawing upon
this positive experience to design further
activities (and teaching modules) to develop
future-scaffolding skills

* Future-scaffolding transversal skills
* Future-scaffolding scientific-hard skills
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* The goal within the project: drawing upon
this positive experience to design further
activities (and teaching modules) to develop
future-scaffolding skills

* Future-scaffolding transversal skills
* Future-scaffolding scientific-hard skills
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