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1. Executive Summary

Deliverable 3.1 (D3.1) presents a summary and conclusions from the individual reports on the outcomes
of the first open schooling activities in each country. Every country report (included in the appendix)
contains details about activities conducted during the pilot implementation of open schooling projects.
Further they highlight activities and approaches which were considered particularly successful for student
learning and the building of Open Science Communities (OSC).

2. Introduction

In alignment with the MULTIPLIERS framework (D2.2) and combined with clarifying agreements from the
First MULTIPLIERS Event in Barcelona, this report will focus on Phase 1, the preparatory activities among
teachers, relevant OSC members and MULTIPLIERS team/researchers, as well as Phase 2, the Teaching
- Learning Sequence (TLS) where students work with experts and teachers. Phase 3, where students act
as “Multipliers”, will be the focus of future Country Reports.

The preparatory activities, as well as the planning and implementation of the TLSs in the pilot rounds of
open schooling activities, were guided by the MULTIPLIERS Common objectives for the OSCs, and the
OSCs aim to (D2.2):

1. Co-design and enact interesting and challenging inter-disciplinary inquiry projects for school students
to strengthen their analytical and critical thinking competencies, on issues of societal relevance.

2. Create collaboration initiatives between schools and science professionals to broaden role models that
are accessible to students and enrich their interests and career aspirations.

3. Support students in their role as Multipliers bringing their projects to their families and local
communities by actively involving them in inquiry projects and by developing courses of action to reach
wide audiences.

4. Contribute to the development of guidelines and policy recommendations informing policy makers
about the achievements and contributions of OSCs supporting schools in Europe.

The first two objectives, which are addressed during Phase 1 and Phase 2, have been in focus for the pilot

studies, and will be covered by this report. The third and fourth objectives are associated with Phase 3

and to results that will be achieved in later parts of the MULTIPLIERS project.

The MULTIPLIERS Specific Objectives (SO) were used to guide the development of the TLSs. The first
(SO2)is to increase students’ interest in science, self-efficacy for learning science, and their science career
awareness by integrating real-life, open-school projects with science professionals - including authentic
settings and workplaces - into science learning. The second (SO3) is to develop analytical and critical
thinking competencies for students, families, and the wider community to enable problem solving and
innovation. This is to be achieved through open-school science learning projects focusing on issues related
to societal challenges and SSils, inquiry learning, argumentation, collaboration, communication, and
decision making. The specific objectives have been in focus during the design of projects and development
of TLSs, however the evaluation of SO2 and SO3 will happen at a later stage.

With the above objectives, guidelines and limitations in mind, the first activities were performed in the six
partner countries Cyprus, Germany, Italy, Slovenia, Spain and Sweden. The selected themes for each
country were:
e Germany (UBO) Vaccination
Cyprus (UCY)  Antimicrobial Resistance
Spain (UAB) Air pollution
Slovenia (UL)  Biodiversity and ecosystem services
Sweden (UMU) Forest use vs Forest protection
Italy (IREN) Clean Water & Sanitation

Each country composed their own Country Report, and those are all appendices in this deliverable, in the
order mentioned above. Each country's report follows the same structure starting with a table of case
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context descriptors, followed by an introduction to the topic. The introduction presents the rationale behind
the choice of SSI and the relevancy of the theme to the students and the OSC members. It also explains
how the selected SSI is considered useful to promote a raised awareness about a personally and socially
relevant problem based on science in general and biology and/or sustainable development in particular;
but also including values, social justice, sustainability, inclusion, and equity. The reports continue by
highlighting examples of successful methodological approaches and activities in each country/theme
related to Phase 1 and 2 respectively. The partners agreed to add a section highlighting examples of
challenges and pitfalls from the implementation of each country/theme related to Phase 1 and 2
respectively since it was considered useful knowledge for the continuation of the MULTIPLIERS project.

Taken together, D3.1, Country reports on the outcomes of first open schooling activities, will highlight
particularly successful activities and methodological approaches as well as challenges and pitfalls from
the first implementation of Phase 1, the preparatory activities among teachers, relevant OSC members
and MULTIPLIERS team/researchers and Phase 2, the TLS where students work together with experts
and teachers. This text will provide some commonalities and differences from the individual Country
Reports.

3. The schools and themes

The first open schooling activities in the six countries engaged 12 schools, 24 teachers with their 22
classes and, in total, about 550 students. Most of the students were aged 13-18, but younger students
were included in Slovenia. To engage the students, the selected themes were all based on questions that
were authentic, locally relevant and connected to students’ everyday lives. For example, Italians consume
the most bottled water per person in Europe which makes it highly relevant to increase knowledge about
and trust in drinking tap water. In Spain, especially in Madrid and Barcelona, poor air quality has been one
of the main public health issues for years. While improvements have been made there is a need for further
steps, which involve citizens understanding and acting to reduce the problems. In Sweden, forests are of
personal relevance to most people since they are used for recreation, important for biodiversity, and at the
same time important resources for forest companies. A broader perspective on ecosystem services is
adopted by Slovenia, whose project examines different ways of making informed decisions about how to
manage natural resources sustainably in the long term, without reducing living standards. The themes of
Antimicrobial Resistance (UCY) and Vaccination (UBO) are both highly relevant for global public health
and include aspects relevant to students’ everyday lives.

The challenges that were addressed in the first round of themes were diverse and therefore created
different opportunities in relation to SO2 and SO3 for each partner university. For example, issues
regarding Antimicrobial Resistance or Clean Water & Sanitation have a clear direction, based on scientific
knowledge and arguments, for society to work towards. At the same time, these issues include important
choices on a personal level which opens for students’ discussion, argumentation and decision-making.
Questions regarding Biodiversity and Ecosystem Services or Forest use vs Forest Protection have more
possible room for discussion since the scientific evidence and solutions are not agreed upon by
researchers. This lack of consensus provides opportunities for discussion, argumentation and decision-
making on both societal and personal levels.

In sum, all partners selected a relevant socio-scientific issue (SSI), built instruction to raise awareness
about the SSI among students on a societal as well as personal level, and highlighted relevance to the
local and global community. This was often done by relating to the Sustainable Development Goals where
the MULTIPLIERS project relates to goal 3 (Good Health and Well-being), 6 (Clean Water and Sanitation),
7 (Affordable and Clean Energy), 9 (Industry, Innovation and Infrastructure), 11 (Sustainable Cities and
Communities), 12 (Responsible Consumption and Production), 13 (Climate Action), 14 (Life Below Water),
15 (Life on Land) and 17 (Partnerships to achieve the Goal).
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4. The OSCs - Different roles and successful approaches

To work with the selected theme, each country built an open-science community (OSC) consisting of
experts from the following areas: teachers, researchers, industry, non-governmental organizations,
informal learning-providers, policymakers and media. These expert members of the OSCs were involved
in both Phase 1, the preparatory activities together with teachers and MULTIPLIERS researchers to plan
for the theme, and in Phase 2, the TLS where students work together with experts as well as teachers.

Phase 1 included both the development of the OSC and the joint development of the TLS. All partners
started off the collaboration with at least some partners who were previous acquaintances. Involving
teachers in the planning was the most useful way of reassuring that the TLS were in coherence with the
steering documents and/or curricula in each country. All partners involved scientists in their OSC who
could share their view of possible science activities to perform within the themes and patrticipate in co-
designing the activities. All partners except IREN, who are both a MULTIPLIER beneficiary and a company
with many subsidiaries, had some difficulties in keeping the partners fully involved in the planning phase.
Lack of time, long geographical distance and lack of continuous contact were examples of complicating
factors. A few partners involved students in the planning phase, either in-person or by previous interviews
and this was very much appreciated by the scientists involved in the OSC. Some of the approached
stakeholders, e.g., small companies and politicians, were (initially) reluctant to take part in the OSCs. More
information about how to overcome the initial difficulties are presented in the conclusion section.

In Phase 2, students met with the experts in school and/or while engaging in authentic activities at the
experts’ facilities. The experts either presented a topic from their position as science experts, like in the
case of IREN and the activity water quality and water management, and in the case of UBO and the activity
immune system and vaccination. In both cases, the experts gave lectures within their field of expertise.
Science experts also gave feedback on students work, like in the case of Spain. In addition to the science
experts, the pilot included other experts. In the case of UMU, students met with a journalist as an expert
in media and communication, while UBO organized for the students to meet with experts in ethics. Both
activities supported students’ development in for example evaluating evidence and supporting claims in
complex SSIs. In other cases, science experts organized workshops or invited students to their lab facilities
outside school. In the case of UL an expert in ecology introduced a set of games to the students in a
workshop organized in a local forest, while the UCY experts from the biobank engaged students in
authentic activities and scientific practices such as observation, experimentation, and modelling in the
authentic science research institution facilities. Another group of participants were parents. The parents in
the UL project were involved in exploring activities and UMU asked students to interview people from three
generations about their relationship with forests, which in most cases included parents. In sum, experts
from different fields contributed successfully and in many ways to the projects in the six countries.

5. The themes — successful approaches

All projects showed great potential to increase students' interest in science, self-efficacy for learning
science and science career awareness (SO2). These aspects will be further measured with questionnaires
and evaluated later in the MULTIPLIERS project; however, some indicators of interest, self-efficacy and
career awareness was highlighted already in the first Country reports.

The themes based on the selected SSis all had potential to promote students’ interest in science, and the
TLSs showed this supported development of interest in different ways. For example, in the UCY and UL
projects, students showed engagement in scientific practices using material that seemed authentic and
science related, and in both cases this authentic equipment was reported as a trigger of interest. This was
shown for example by students’ initiatives to explore. High engagement from students was also reported
in the debate-activities conducted by UMU. The students were divided into stakeholder groups and
prepared for their roles and positions in the debate by for example authentic media of local relevance
representing the different perspectives on the issue. This aspect of agency and authenticity seemed to
have an impact on engagement (which was observed) and interest. Further, UBO interviewed students
and reported motivational effects from the meeting with experts from all students regardless where the
meetings with the experts had taken place. More specifically, UBO reported that “students were motivated
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as they had realized that meeting an expert was something special” and “the fact that the expert used their
comics in his presentation had a particularly positive motivational effect on the students”. Also, UAB
reported that informal feedback from scientists and policymakers, at different points during students’ own
research, was important to students’ interest in science as well as their self-efficacy in science research.

The projects also showed potential to promote students’ career awareness. The authentic experiences
were central, for example UBO offering students an opportunity to “conduct activities in authentic contexts
and settings (e.g., laboratories) has a high potential to foster students’ interest as well as their career
awareness” and the authentic engagement in scientific practices using real equipment with experts in the
UCY groups “seemed to open students a window to real science providing connections between theory
and practice”. IREN involved some students from vocational learning programs, and through visits to the
water supply system reservoir and the water and wastewater lab, they got a first-hand experience of how
water processes are managed at the same time as they could evaluate possible career prospects. Another
path for science-career awareness was in focus in the UAB project, where students performed all steps in
a science-researchers work by designing a scientific research question, identifying the necessary
instruments and processes to conduct the experiment, carrying out the experiment and collecting data,
analyzing the obtained data, and elaborating results and conclusions.

The projects stimulated students’ competence development in terms of critical thinking and argumentation
in different ways (SO3). The MULTIPLIERS Key concepts (KC) also highlighted inquiry, problem-solving
and co-creating solutions as important to navigate the social dimensions of the SSI and create possible
solutions to the SSI using creativity. Each project used unique approaches to develop students’
competencies based on each theme’s opportunities for discussion, argumentation, and decision-making
on societal and/or personal level. UCY conducted two activities that involved reflecting and arguing; the
stakeholders views about AMR and the discussion regarding possible banning of the use of antibiotics for
flu treatment. They concluded that the latter, offering opportunities for self-expression in the process of
formulating arguments and debating, was perceived as more interesting by the students. However, the
students needed support in identifying and formulating arguments, and in organizing a debate. In the UMU
project, more time was spent on preparations for the debate on three fictional and everyday-related cases
on forest use vs protection and the participating students based their arguments on scientific knowledge
as well as personal, cultural, societal and historical values, showing both science-communicating
competence and knowledge about the topic and enthusiasm after the activity. Similar results were reported
from IREN, where students debated “tap water vs bottled water” and their argumentation skills and
contents were evaluated through a specific rubric. The students involved by UBO reported that the
discussions within the TLS gave them new perspectives on vaccination and particularly positively
emphasized the opportunity to work independently in groups and the support of the experts.

6. Conclusions and next steps

Taken together, the first open schooling activities included many successful activities and methodological
approaches in both the preparatory activities and the TLS implementations. Each beneficiary contributed
with unique outcomes related to their projects. Based on the six country reports, we can draw conclusions
and formulate advice for the next steps.

The following advice can be considered to improve Phase 1. One thing that all partners agreed upon was
that the main difficulty was to establish and sustain all stakeholders’ involvement in the OSC. Although
most partners built their OSC around well-known contacts that they had previously collaborated with, there
were some difficulties in finding smooth collaborations where each stakeholder took responsibility for
developing the TLS. The recruitment and involvement of OSC members in building instruction around the
SSI can be improved in consideration of the following actions:

e Start with face-to-face meetings to facilitate communication, and explore respective stakeholders
view of the goal for the open-schooling project.
e Decide on a well-defined planning phase.
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e Determine and distribute responsibilities and tasks for the OSC members to be fully involved in
the planning phase.

e Ensure an open and continuous communication between the different stakeholders; it is
especially important to involve the teachers.

¢ Allow flexibility and explore new and creative ways of collaboration that not only implies in-person
meeting to promote sustainability in the OSC.

To be able to reach new stakeholders and to build sustainable open-schooling communities, it becomes
apparent that we, as MULTIPLIERS beneficiaries, must continue to disseminate findings concerning
potential benefits for different stakeholders to become involved in open-schooling activities. The scientists,
for example, expressed that they enjoyed the interaction with the students, and particularly their critical
guestions about the SSI, and their interest in research within STEM-subjects (UBO, UCY, UAB).

The following advice can be considered to improve Phase 2, and make the activities focus even more on
students’ engagement and learning. In cases where scientists, or other stakeholders, were supposed to
give lectures or are responsible for the teaching activity, they asked for thorough consultation with the
teachers about students’ prior knowledge and interests. This could be achieved by involving students in
the planning phase. A further strengthening of the interactive activities between students and stakeholders
would probably increase students’ learning and engagement. Arranging visits either (or both) in the school
and in the workplaces of the experts is one way to improve the interactions. It could also be beneficial to
permit adequate breaks where students and stakeholder have time for informal discussions. It is important
to provide sufficient time for the students to practice analytical and critical thinking skills as well as
argumentation. These are areas where students need constant support, for example by formative
feedback (as suggested by UCY).

The open-schooling activities performed within the MULTIPLIES project provided the students to meet
different kinds of inquiry activities. In some partners OSS examples, it concerned interaction with experts
to engage in scientific practices in authentic settings, i.e., to be able to use modern scientific equipment
(e.g., IREN, UBO, UCY) and to learn about nature of science (NOS) (e.g., UAB). In other examples the
students were involved in the inquiry process concerning being able to ask questions and plan
investigations (UL) or in investigations concerning the SSls and/or different stakeholders views and
argument (UMU). Prolonging/sustaining students’ interaction with experts and engagement in scientific
practices in authentic settings will open students window to real science and provide connections between
theory and practice, learn about scientific methods and the nature of science.
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7. APPENDIX A - UBO, Germany

COUNTRY REPORT 1 (D3.1) — UBO, GERMANY

INTRODUCTION

Case context description

Theme Vaccination

Country Germany

Type of OSC-stakeholders | Local OSC community: Teachers, researchers (biomedicine), medical
involved in Phase 1 students, ethicists

Student age group Group 1: 13—-14 / Group 2: 16-17

Number of schools/ 2 schools (LFS & EMA) / 2 teachers / 3 classes (1 class from LFS /
teachers/classes/students 2 classes from EMA) / approx. 45 students

Time period devoted to LFS: 3 days/lessons (spread over 3 months) EMA: 3

Phase 2 (days, weeks, afternoons (in one week)

months)

Number of lessons (provide | LFS: 3 x 2 hours > 6 hours EMA: 3 x 3
approximate numbers even | hours > 9 hours

though details will be
presented in D4.1)

Sites Classroom, university’s lecture hall, laboratory, ethics center

Type of OSC-stakeholders | Local OSC community: Teachers, researchers (biomedicine), medical
involved in Phase 2 students, ethicists

Immunization through vaccination is one of the great success stories of humankind. Today, more than
20 life-threatening diseases, such as diphtheria, tetanus, polio, and influenza, can be prevented by
vaccination, enabling people of all ages to live healthier and longer lives (WHO, 2023). However,
especially with the global pandemic in early 2020 and the imminent and exceptionally rapid development
of a vaccine, the debate about the efficacy, protection, potential side effects, and long-term
consequences of vaccinations has been intensified, and became visible through numerous public
protests.

Vaccination is therefore an important socio-scientific issue that requires both the dissemination of
scientific information as well as addressing emotional concerns related to vaccinations (Reiss, 2021).
Being a complex topic, critical reflection of multiple perspectives and opinions is needed, including the
evaluation of personal values. The theme of vaccination also seems to be particularly suitable for
science learning, as it links to the students’ everyday lives and their own experiences over the past three
years.

The Teaching-Learning Sequence (TLS) was developed to engage the students in authentic activities
and interact with a wide range of different experts in order to promote the students’ interest in science,
their self-efficacy for learning science and their science career awareness (SO2). By fostering
communication and argumentation, the development of analytical and critical thinking skills (SO3) was
aimed for.



1.1

MUL*IPLIERS
METHODS

The theme vaccination was considered an appropriate SSI for the MULTIPLIERS project due to its
topicality and relevance to the students. The possibility to conduct activities in authentic contexts and
settings (e. g. laboratories) has a high potential to foster students’ interest as well as their career
awareness. The interaction with experts from different fields, including ethics, allows for communication,
argumentation and decision-making processes.

Before the start of phase 1, a study has been conducted by the UBO team, on the one hand about
existing educational material on vaccination (desk research), and on the other hand about students’
interest in the topic (interview study with students (n=12), teachers (n=2), and medical students (n=5),
who regularly go to schools to inform about vaccination as part of the initiative “Impfaufklarung in
Deutschland”, see below).

To develop the TLS, biology teachers from our OSC partner schools (existing contacts from former
projects) as well as experts from different relevant fields (bio-/medicine, ethics) were contacted. Senior
scientists as well as young researchers (PhD students, Postdocs) were explicitly addressed.

To assure multidisciplinarity, the following experts were actively involved in the project on vaccination
(both, phase 1 and phase 2):

+ 2 Schools: Ernst-Moritz-Arndt Gymnasium (EMA), Liebfrauenschule (LFS, Girls only)
« Science Research Institution: Cluster of Excellence ImmunoSensation? (Rheinische Friedrich-
Wilhelms-Universitat Bonn, researchers in biomedicine and immunology)

* Non-profit association: Impf dich — Impfaufklarung in Deutschland e. V. (,Vaccination Information
in Germany”, medical students)

» Ethics institution: Center for Life Ethics (Rheinische Friedrich-Wilhelms-Universitat Bonn,
researchers in the field of ethics and philosophy)

Through on-site meetings and zoom calls, two groups of experts were established, one for each school.
Teachers from both schools and students of both age groups were at the center of our planning
activities to ensure that explicit connections to the curriculum are made and the relevance to students’
everyday lives is highlighted. During the meetings, it was discussed e. g., which topics related to
vaccination should be in the focus of the TLS, how the expertise of different scientists can be used to
convey these topics, and which virus should be used to illustrate the topic of vaccination.

In addition to the science perspective, the opportunity to examine the SSI from an ethical perspective
was ensured through the participation of ethicists, also opening up an additional professional field for the
students to explore.

Both groups of experts developed a concept for their respective school. The role of the UBO Team was
an advisory and supporting one, e. g. presenting the data from the initial study as a basis for planning
the TLS, arranging regular meetings with the partners, offering support when required, and assuring the
progress in both groups.

The OSSs were implemented differently in two schools. The procedures and central activities of both
cases are described below.

Case 1 — Liebfrauenschule (LFS)

At LFS, a school for girls only, the MULTIPLIERS activities took place on three 90-minutes lessons
spread over several weeks. The age of the pupils was 13—-14 years. All activities were conducted in the
school (experts as visitors). Before the start of our OSS, the students had already learned the basics of
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immunology and made comics about the different cells of the immune system as part of their regular
biology lessons.

Lesson 1: Knowledge about the immune system (Expert: Senior scientist in biomedical research)

In order to deepen the students' knowledge about the immune system and at the same time to raise
their awareness of careers in science, the first lesson involved a meeting with a scientific expert, a
researcher from the University’s Institute of Innate Immunity. It included a presentation on the immune
system, its cells, and how they work. Through vivid images of microscopic cells and the active
participation of the students, a lively exchange took place between the scientist and the students. The
presentation was illustrated with the comics that the students had made in advance.

Lesson 2: Facts on vaccination (Experts: Medical students)

The second lesson focused on the history, development, and effects of vaccinations, presented by
medical students from the non-profit association "Impfaufklarung in Deutschland". The presentation
became an interactive exchange with the students through theme-related activities. Games such as a
"Vaccination ABC" (where the students intuitively wrote down terms they thought of on the topic, starting
with the corresponding letter of the alphabet), an interactive game to visualise the spread of viruses, or a
quiz were used to deepen the students’ knowledge about the topic/vaccination.

Lesson 3: Argumentation (Experts: Ethicists)

In order to develop the students' critical thinking and argumentation skills, the third lesson was dedicated
to the discussion of self-determination over one's own body in relation to HPV vaccination. The students
were supported by two ethics experts (a professor — the head of the University’s Center for Life Ethics —
and a PhD student) who organised a fishbowl discussion in the classroom. The experts argued with the
students about the extent to which they should inform themselves about issues such as HPV vaccination
and engage with critical voices. The core question was how to seek out fact-based information and to
what extent one has the right to make decisions about one's own body, even as a teenager, sometimes
independently of what the parents decide.

Case 2: Ernst-Moritz-Arndt Gymnasium (EMA)

At EMA, a secondary school with a specific focus on STEM, the MULTIPLIERS activities took place on
three consecutive afternoons. The age of the pupils was 16-17 years. The students were part of an
advanced biology course. All activities were organised outside the school and participation was
voluntary for the students.

Day 1: Facts on our immune system and vaccination (Expert: Senior scientist in immunology &
medical students)

To provide the students with a solid foundation of knowledge required to understand vaccination, the
first day focused on presenting fact-based information related to immune biology. The students met with
different experts from the field of immune biology (i.e., a professor for biomedical sciences, medical
students from “Impfaufklarung in Deutschland®) at a

lecture hall at the University of Bonn. While the scientist gave a classical presentation, the medical
students interacted more closely with the students and included several game-like activities (see above).

Day 2: Practical lab experience (Experts: Young researchers in biomedicine and immunology)

To enable the students to make practical scientific work experiences in an authentic setting, the students
had the opportunity to visit a laboratory at one of the University’s research centers. Three labs from
different biomedical research centers had been selected in advance, and the respective researchers (all
young researchers working in these labs) had produced a small film each in order to present themselves
to the students. After having watched the films, the students were asked to choose the lab they wanted
to visit. In the labs, the students were instructed by the researchers and conducted different
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investigations themselves, e.g., transfecting a plasmid through pipetting, conducting a gel
electrophoresis. They met several scientists and had the opportunity to talk to them and ask questions.

Day 3: Argumentation (Expert: Ethicist)

The students were invited to the Center of Life Ethics, a research institution at the University of Bonn. To
foster the students’ critical thinking and argumentation skills, a fishbowl discussion on Should there be a
compulsory Covid-19 Vaccination? was implemented by a young researcher (PhD student in ethics). In
this activity, the students took on the role of a citizens’ assembly on vaccination that was supposed to
deliver recommendations to the responsible political authority. The students were divided into three
groups, each with a different position, (1) no compulsory vaccination, (2) compulsory vaccination for risk
groups, (3) compulsory vaccination for all adults. They were asked to prepare arguments based on
information on ethical considerations as well as factual information on vaccination — the material had
been prepared by the experts in collaboration with the UBO team and was made available to the
students on different tables in the room. In a first phase, the students worked within their groups, and in
a second phase, the students discussed their viewpoints and arguments. In the end, there was a

vote on what the group as a whole wishes to advise to the political authority. Through this activity, the
students practiced evaluating evidence and supporting claims and experienced the complexity of the
SSI of vaccination.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1 — Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

OSC members with an interest and expertise in vaccination were approached using existing personal
contacts based on previous collaborations — either from the UBO team (scientists from the University of
Bonn) or the schools (Initiative “Impfaufklarung in Deutschland”). The new Centre for Life Ethics, with
experts in the field of philosophy and ethics, also became a partner in the project (contact through
University). This resulted in three teams of experts, each with a different role and perspective, who
altogether conveyed the topic to the students in an authentic and comprehensive way and enjoyed
working together and complement one another.

In the preparation phase, it was very helpful that we could involve both teachers and students (at least
indirectly by using the data of the interview study that had been conducted before the start of phase 1).
At LFS (girls’ school), for example, we focused on HPV, because female students in this age group had
mentioned in the interview that they would prefer to learn about this type of virus rather than Covid-19.
At EMA, Covid-19 was chosen as topic in accordance with the preference of this group of students who
found that this type of virus was more relevant to them and decisions in their everyday life.

Phase 2 — Engagement in the Open-school science learning project (OSS)

Two different approaches were followed in the two different schools: In LFS, the experts visited the
students in their school, in EMA, the students were given the opportunity to visit the experts at the
University (lecture hall) and in their authentic workplaces. It became clear that the outof-school learning
experience in EMA was particularly well received by the students. In particular, the visit to the
laboratories and conducting experiments was repeatedly highlighted as positive in the subsequent
interviews. The interviews showed, however, that meeting experts was evaluated positively by all
students — no matter where the meetings had taken place. The visit of the experts at the LFS was also
described as impactful by the students as well as by the teachers. The students were motivated as they
had realized that meeting an expert was something special. The fact that the expert used their comics in
his presentation had a particularly positive motivational effect on the students.
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The data also show that each group of experts had its own advantages. The students distinguished the
senior researchers from the young scientists and from medical students. The ethics experts were
perceived as another separate group with its own important value. The younger experts (medical
students, PhD students, postdocs) were perceived as likeable and more open due to the relaxed
atmosphere and the smaller age difference. In contrast to the students' prior expectations, the senior
experts were approachable and always available for questions, which was highly appreciated by the
students. The opportunity to ask personal questions about the experts' careers as well as gaining an
insight into the everyday life of scientists was mentioned as a highlight in the subsequent interviews.
Also the students’ feedback on the ethics’ part was very positive altogether. Both groups reported that
the discussion had given them new perspectives on the topic. Students particularly emphasised the
opportunity to work independently in groups, which they liked. The discussion at the end of the TLS was
seen as a good conclusion to the project, in which what had been learnt before could be put into practice
and shared in the group. The support of the experts was explicitly mentioned as a positive circumstance.
In the interviews, the students stated several times that all experts were likeable and that no one felt
uncomfortable asking questions.

Teachers, especially at LFS, were particularly positive about the link to biology lessons. They valued the
deepening of existing knowledge and the integration of the comics created by the students into the
expert's presentation. They also mentioned the added value of the vivid representation of cells, for
example, that cannot be shown in this way in regular lessons.

Also the feedback from the experts was very positive. The scientists enjoyed the interaction with the
students, the critical questions and the students' interest in STEM subjects and research. The project
was seen as a great opportunity for science communication, showcasing their work, which often goes
unnoticed.

The ethics experts felt that the students' reflection after the discussion was a particular highlight of the
project. The resulting awareness that different perspectives should always be considered and that such
issues are complex and questions cannot be answered easily was mentioned several times by the
students in the interview.

Examples of challenges and potential pitfalls with specific methodological
activities and approaches

Phase 1 — Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

The main challenges arose due to communication issues between the different experts. Time
restrictions and slow response rates lead to difficulties in planning the TLS around the SSI. In the earlier
stages of this phase, responsibilities and tasks were not yet fully determined, which lead to insecurities
and postponements.

Example: The experts rely on the teachers’ knowledge about their students (e.g., prior knowledge,
interests, prior experiences with specific tasks) to plan their presentations, practical lab experiences, or
ethical discussions.

Flexibility is needed during the planning, e. g. one of the schools had problems with timing and
preparation in class for the project due to school internal issues.

Phase 2 — Engagement in the Open-school science learning project (OSS)

Only minor challenges arose due to organisational issues, e. g. the University’s WiFi access was
required during the activities in the lecture hall, but it was not open for the students — the problem was
solved by one of the medical students, spontaneously providing a hotspot).

Both the students and some of the experts stated that they would have liked more time, in particular for
certain activities in the laboratories.

At EMA, the students criticised the lack of breaks during the long afternoon sessions.
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Take home messages to consider for the next round.

The recruitment and involvement of OSC members in building instruction around the SSI can be
improved in consideration of the following actions:

+ Determine responsibilities and tasks for OSC members involved in the planning of the
TLS.

* Ensure that all OSC members involved get to know each other in the beginning of Phase 1 to
facilitate communication in the course of the whole project phase.

* Encourage communication between all OSC members involved to ensure that everyone's tasks
are clearly described.

* Allow flexibility in timing during the preparation but try to ensure constant communication and
concrete agreements.

The activities with a focus on learning and students’ engagement can be improved in consideration of the
following:

* If possible, organize the TLS outside the school at authentic workplaces.

» Base the teaching activities on students’ prior knowledge and interests in consultation with their
teachers.

* Include interactive activities that foster student engagement.

» Ensure adequate breaks for the students.
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8. APPENDIX B - UCY, Cyprus

COUNTRY REPORT 1 (D3.1) —UCY, CYPRUS

INTRODUCTION

A. Case context description

Theme

Antimicrobial Resistance (AMR)

Country

Cyprus

Type of OSC-stakeholders
involved in Phase 1

Science Teachers, Researchers, 4 Experts with a biology-related
background (e.g., microbiologist, molecular biologist,
biochemist, biotechnologist, geneticist)

Student age group

13-14 years

Number of schools/
teachers/classes/students

1 secondary school / 3 teachers/ 4 classes / 96 students

Time period devoted to
Phase 2

More than 10 weeks

Number of lessons (provide
approximate numbers even
though details will be
presented in D4.1)

Approximately 10 lessons (1 lesson = 50’ minutes) to introduce the
issue of AMR and engage in authentic activities and approximately
5 lessons to develop the open schooling science projects that
constitute the awareness-raising campaign.

Note. Afternoon schoolwork is not estimated.

Sites

Type of OSC-stakeholders
involved in Phase 2

School classroom, biobank.cy

Science teachers, teachers of different disciplines (e.g., ICT, Greek,
English, Art, Drama), researchers, 6 experts with a biology-related
background, a cartoonist, parents

B. Rationale

Antimicrobial Resistance is a critical issue around the globe affecting our health and putting our lives at
risk. Overwhelming evidence shows that increased use of antibiotics, over-prescription, and
overconsumption are leading to an increase in resistant bugs (ECDC, 2022). Cyprus ranks amongst the
EU/EEA countries with the highest consumption of antibiotics (ECDC, 2022). However, many people are
overconsuming and misusing anti-microbial chemicals because they lack knowledge of infections and
anti-microbial agents. Thus, a vital step toward tackling this issue is education and informed action. Our
mission is to educate students and their families to develop an understanding of this issue and its
different dimensions through first-hand experiences with stakeholders and ultimately enable them to
make informed decisions about the use of antibiotics.

Building instruction around Antimicrobial Resistance, as a worldwide issue that is also personally
relevant and interlinked to everyday life, has the potential to promote interest in science and self-efficacy
toward learning science (SO2). The Teaching-Learning Sequence (TLS) designed and developed for
this case consists of educational material that prompts the students to engage in authentic activities,
interact with experts, and develop open schooling projects suggesting solutions to AMR through
practicing argumentation, critical thinking and decision-making skills in collaboration with the open
science community (SO3).
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Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

Antimicrobial Resistance is a critical issue that concerns a variety of stakeholders. Scientists aim for new
weapons to fight superbugs and constrain the spread of infections, the pharmaceutical industry needs
money to produce new antibiotics, the hospitals and doctors try to fight contamination in health facilities
while at the same time the general public lack awareness about this life-threatened issue. Hence, in
designing this teaching and learning sequence around this theme we initially identified authentic media
representing the different perspectives of the stakeholders and then experts that would facilitate
students’ engagement in scientific practices and raise their awareness about AMR. Below there is a list
of the members that constitute the Open Science Community with the mission to raise awareness about
AMR:

+ Science Research Institution: Center of Excellence Biobank.cy

* School: The Senior school (secondary school)

» Parents: Parents of secondary school students at the Senior school
» Civil society organisation: Centre for Social Innovation

* Media: Journalist from a local newspaper

* Industry: Cyprus Association of Pharmaceutical Companies

It is important to note that during Phases 1 and 2, the main participants were the science research
institution and the school while the other members of the OSC will be mainly contacted and involved
during Phase 3. Moreover, the list above is dynamic, and more stakeholders may be invited for Phase 3
of the project.

Contacts with the OSC members were established through emails and/or phone calls providing a brief
rationale of the purpose of the project. Since then, we agreed upon a schedule, and we started working
on shared documents to develop the activities. Two meetings were held with the experts from the
biobank.cy and the science teachers at the Senior School correspondingly, in June/July ‘22 (online
meeting) and in September/October ‘22 (face-to-face meeting), and one more meeting was arranged
with both stakeholders at the beginning of the intervention (October '22). An informative school event for
the parents was also organised in September 22 and another meeting with the teachers from different
disciplines took held in January ’24. Communication with the teachers is mostly achieved weekly via
email and Viber chat.

The activities implemented in the Senior school were mainly developed by the representatives of the
University of Cyprus and the teachers at the Senior School, while the activities implemented in the
science research institution facilities were mainly developed by the biobank.cy experts. The activities
implemented in school constitute a Teaching-Learning Sequence with the purpose to introduce AMR to
the students, explore this issue from the different perspectives using authentic media, brainstorming,
debates and examples from everyday life. These activities had the potential to engage students in critical
thinking practices through argumentation, collaboration, collaboration and decision making (SO3) as well
as promote their interest in science and self-efficacy (SO2). The activities developed by the biobank.cy
experts engaged the students in authentic activities and scientific practices such as observation,
experimentation, and modelling (SO3).

Phase 2

Below there is a brief description of the 4 main activities implemented in the school and the biobank.cy
facilities with references to the key concepts, the design principles and the scaffolds as presented in
D2.2 MULTIPLIERS common methodology.

Activity 1: What do you think about AMR? Stakeholders’ views.

To document the issue of AMR and prompt discussion on the challenges to be addressed, the students
were divided into stakeholder groups (i.e., policymakers, pharmacists, farmers, patients, academia, and
media) and were given authentic media of local relevance representing the different perspectives on the
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issue. Then, students were asked to read the authentic media in their group, summarise the information
retrieved and reflect on its credibility using an information literacy test. This activity aimed to raise
students’ awareness about ARM and also practice their analytical and critical thinking skills as well as
digital skills since they were prompted to use Google docs to work collaboratively.

Activity 2: We should ban the use of antibiotics for the treatment of the flu. Do you agree or
disagree?

To provide the students with opportunities to reflect and prompt them to create solutions to the SSlI, this
activity aimed to engage students in argumentation through a debate. The students were called to reflect
on the available information (Activity 1) from the perspective of the stakeholder group they represented
and formulate arguments for or against the following topic: We should ban the use of antibiotics for the
treatment of flu. Do you agree or disagree? This task was facilitated by a rubric that guided the students
to form a strong argument, and feedback received from their teachers, the representatives of UCY and
their peers. Then, each group prepared a document with arguments and counterarguments and
organised a debate in class.

Activity 3: Bacterial resistance to antibiotics: An authentic experience.

This activity aimed to initiate collaboration between educational and non-educational agents, raise
students’ awareness of science-related careers through meaningful interaction between experts and
students, and enhance students’ interest in science through activities developed in an authentic context
related to AMR. The activity evolved in two steps: (1) Meeting the experts in school and (2) Engaging in
authentic activities at the experts’ facilities. The activities developed by the biobank.cy experts were
organised in different stations and focused on the following topics: the application of antibiotic diffusion
discs to agar surface with a colony of bacterium; the identification of various forms of bacteria; the
modeling of a bacterium with a stronger coat; the modeling of bacterial conjugation.

Overall, the students had the opportunity to use scientific equipment (e.g., light microscope, Petri dishes,
antibiotic disks) but also simple materials (e.g., candies, clay, cumin) to engage in scientific practices
such as observation, argumentation, and modeling. During this activity, the students were prompted
through a guided protocol to ask the experts personal questions related to their everyday routine, their
study and career trajectories, and the reasons they chose to be scientists.

Activity 4: Development of the open schooling projects.

This activity aimed to promote knowledge construction and validation, creative action, as well as self-
efficacy through collaboration among the students to create possible solutions to AMR while taking
ownership of their learning. After having introduced the issue of AMR and engaged in authentic activities,
this activity presents the students with their mission to start an awareness-raising campaign for AMR
constituted by a variety of open schooling projects as follows: (1) Let’s spread the word about AMR
(Poster/Flyer); (2) Ask the public! Does the public know about Antimicrobial Resistance? (3) Let’'s debate
it! (Role-play); (4) Let’s go live! (Video).

Students were given the flexibility to form their groups and choose their open schooling project. Step-by-
step instructions were given for each one of the projects to facilitate their development. It is important to
highlight that this activity was perceived as a transdisciplinary project hence, teachers from different
subjects (e.g., ICT, languages, art, drama) worked collaboratively with the students to develop these
projects.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1. Identification and Exploration of SSis of relevance to the local
community

The OSC members were mainly contacted through personal contacts and previous collaborations.
Initially, an invitation email was sent to the members summarizing the purpose of the MULTIPLIERS
project and elaborating on their contribution to this effort. Then there was a follow-up phone call to
arrange a meeting and discuss further this collaboration with each member separately. After the first
meeting and throughout this collaboration, communication was continued via email and work on shared
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documents. The second meeting was arranged with both stakeholders to coordinate the common
activities for Phase 2.

Instruction was built around the SSI of AMR in the teaching unit of ‘Microbes and Diseases’ using
authentic media identified by the researchers of UCY in collaboration with the school science teachers
supported by PowerPoint presentations and additional material. This served as a starting point for the
experts at the biobank.cy to develop authentic activities at their facilities and make connections with the
activities implemented at school. It is worth noting that the identification of the material to be used and
the design of the activities, aimed at raising awareness about the issue of AMR, enhancing students’
competence development (e.g., argumentation, acritical thinking, self-efficacy) and interest in science,
promoting collaboration between education and non-educational agents and students’ science career
awareness through meaningful interaction with experts.

Phase 2. Engagement in the Open-school science learning project (OSS)

Activity 1: What do you think about AMR? Stakeholders’ views.

In this introductory activity, the students took on the role of a stakeholder and were encouraged to
navigate the different dimensions of the issue of AMR while reading through authentic media. Hence,
this activity evolved around brainstorming, reading and reflecting on the credibility and trustworthiness of
the information provided without any authentic involvement of the stakeholders. Findings from the
analysis of the interviews with the students indicate that this was the students’ least preferable activity.

Activity 2: We should ban the use of antibiotics for the treatment of the flu. Do you agree or
disagree?

Formulating arguments and debating was seen as an opportunity for self-expression. Some students
perceived this as an interesting student-centred learning condition because of the degree of freedom to
act. However, we observed that the students needed support in identifying and formulating an argument,
and organising a debate was not a common task. For this reason, students in one classroom prepared
some slides with arguments and counterarguments and shared them with the rest of the class in the
form of a presentation instead of a debate.

Activity 3: Bacterial resistance to antibiotics: An authentic experience.

Students expressed that authentic engagement in scientific practices using real equipment with experts
in groups triggered their interest. Overall, this authentic experience seemed to open students a window
to real science providing connections between theory and practice. The visit to the experts’ premises and
interacting with them was perceived as an innovative aspect of school science and an opportunity to
learn more about AMR, scientific practices, science careers and scientific research in the local context.
Activity 4: Development of the open schooling projects.

This is still in progress.

Examples of challenges and potential pitfalls with specific methodological
activities and approaches

Phase 1

One of the main challenges encountered in Phase 1 was the involvement of all stakeholders in a joint
effort from the beginning of this project. The concept of open schooling is relatively new in Cyprus.
Hence presenting a draft plan without concrete actions to potential OSC members was rather abstract
and their role, time and level of commitment seemed vague. In dealing with this difficulty, we decided to
first involve the teachers and the science research institution in the preparation process while at the
same time informing the parents and the civil society organisation of their future contribution and
arranging communication with the other stakeholders toward the end of Phase 2. Initially, we arranged
individual meetings to ensure that each stakeholder group had a clear idea of its role and expected
outcomes highlighting the dynamic nature of this project. Considering the parents, only a limited number
attended the information event at school. Furthermore, finding a common time for the school and the
science research institution to meet was a difficult task. We further noticed that constant coordination
from the UCY researchers was vital to promote interaction between these two stakeholders. On one
hand, we understand that this is normal because open schooling is an innovative approach, but on the
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other hand, this trigger concerns about how we can strengthen the OSC network and sustain this
collaboration in the future.

Phase 2

Considering Activity 1, going through the authentic media, summarizing and evaluating was a time-
consuming task, difficult and thus not interesting for the students who lack a basic level of analytical and
critical thinking skills as well as digital skills (e.g., the use of Google docs). The information literacy task
was rather new to both students and teachers and time constraints did not provide the opportunity to
practice more and consolidate learning. This was also the case for Activity 2 as there was no time for the
students to write a script, get feedback and prepared more effectively for the debate.

Moreover, during Activity 3, it was rather difficult for the experts to accommodate all students at the
science research institution facilities since it is located at the university medical school. At the same time,
it was difficult for the school to arrange this visit on different days due to many changes in the school
timetable. Thus, we divided the students into four groups and the activities into four stations in different
rooms so that each group could engage in the activities in rotation. However, repeating the activities four
times in a row was quite exhausting for the experts. Also, the fact that the students rotate within the
different stations in the building was disturbing for the medical students who were attending classes.
Last, it was challenging to coordinate all the teachers from different disciplines (e.g., English, Greek, ICT,
drama) for Activity 4 and get started with the development of the open schooling projects especially
because some subjects are taught once a week. This was intensified due to the Christmas break, the
school’s half-term, and epidemics that interrupted the flow of this work.

Take home messages to consider for the next round

The recruitment and involvement of OSC members in building instruction around the SSI can be
improved in consideration of the following actions:

- Provide concrete open schooling examples and targeted actions with clear connections to the interests
and activities of all the stakeholders from early on.

- Prompt the stakeholders to make suggestions for the suggested plan.
- Promote the experts’ engagement in developing the students’ open schooling projects.
- Promote stakeholder engagement (other than the experts and teachers) in designing the instruction.

The activities with a focus on learning and students’ engagement can be improved in consideration of
the following:

- Promote the use of Google docs (or other tools) for collaborative work and provide support and more
time to practice.

- Provide more time to practice analytical and critical thinking skills as well as argumentation for Activities
1 and 2 constantly supported by formative feedback.

- Providing formative feedback and guidance on how to organise the debate can help to organise the
debate more effectively.

- Facilitate experts’ interaction with the students by arranging visits on different days in consultation with
the school.

The activities with a focus on collaboration with OSC members can be improved by consideration of the
following:

- Sustain students’ interaction with experts and engagement in scientific practices in authentic settings.

- Provide teachers’ workshops on the suggested activities (e.g., conduct Activity 1 and 2 with the
teachers as the main participants representing the different stakeholders).

- Arrange short meetings on an agreed basis with the OSC to keep everyone up to date.
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COUNTRY REPORT 1 (D3.1) — UAB, SPAIN

INTRODUCTION

Case context description

Theme Air pollution

Country Spain

Type of OSC-stakeholders involved | OSC community, special active participation from: Teachers,
in Phase 1 Researchers and Teaching support and resources provider
Student age group 13-15 years old

Number of schools/ 4 schools / 9 teachers / 8 classes / 240 students

teachers/classes/students

Time period devoted to Phase 2 Around 3 weeks
(days, weeks, months)

Number of lessons (provide 7 mandatory activities for the students and 7 optional ones
approximate numbers even though
details will be presented in D4.1)

Sites School

Type of OSC-stakeholders involved | Students, Teachers, Researchers, Policy-Makers
in Phase 2

Air pollution is a critical problem due to its effects on the health of humans, animals, and vegetation. For
example, the World Health Organization (WHO) has pointed out that around 7 million people die
prematurely each year because of their exposure to air pollution. But air pollution is not only a global
issue, but also a local one due to its causes (e.qg., traffic is identified as the main pollution source),
effects (e.g., respiratory, cardiovascular and cognitive illnesses) and solutions (e.g., reduce the number
of pollution sources, build green walls...) has sense at local level.

In Spain, poor air quality has been one of the main public health issues for years. Last December, the
EU’s top Court ruled against the country for the high air pollution levels in Madrid and Barcelona,
deciding that these cities failed to protect the health of their citizens. Although a 31% reduction in air
pollution has been achieved in Barcelona since 2015, further steps are needed to improve the situation.
Therefore, citizens need understanding the problem in depth and be active in acting upon this
environmental problem.

Moreover, air pollution has been identified as a hot topic in school science to promote scientific literacy
for responsible citizenship (OCDE, 2020). In order to understand and act in an informed and empowered
way on the problem of air pollution, students need to develop some important ideas from the particulate
model of matter, which is considered one of the big ideas of science (Harlen, 2015). It is also relevant to
engage students in investigations analogous to those carried out by the professional scientist (e.qg.,
collecting and analysing data). To do so, discussing with scientists, experts in global health, and other
relevant community stakeholders it is considered a helpful strategy.
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Phase 1- Identification and Exploration of socio-scientific issues (SSls) of
relevance to the local community

In order to establish an OSC to address these issues in Barcelona and its metropolitan area, we
contacted several stakeholers in the air pollution topic, including science teachers, local administration
policymakers, and a diversity of scientists. Most of them had already participated with us in previous
projects, which has allowed us to start contacts from a trusting relationship.

In the case of teachers and schools, we have selected schools who are a) open to establishing direct
collaborations with other stakeholders; b) willing to participate in a process of codesigning; and c¢) able to
implement a complete teaching and learning sequence (TLS) with a model-based inquiry approach. In
addition, for the school selection it has also been considered their location in the metropolitan area of
Barcelona (specifically in Sabadell or Terrassa city) and closer to our university to facilitate the constant
contact between us. For this first round of implementations, 4 different high schools, around 9 teachers
and 240 students have been involved.

To decide the target group of students to work with, we analysed national curriculum criteria, previous
research around students’ initial ideas, and teachers’ knowledge. Finally, it has been decided that the
best age group to participate are students between 13-15-year-old.To ensure that all scientific
perspectives and profiles of professionals who are addressing the air pollution issue are represented in
the OSC, different contacts had been made. Finally, the following 4 science institutions and their
professionals are part of the OSC:

» Barcelona Institute for Global Health (ISGlobal) that study the effect of air pollution on human health
and specifically the cognitive effects.

» Institute for Advanced Architecture of Catalonia (IAAC) that develop sensors to measure air pollution
at a relatively low cost.

» Institute of Environmental Science and Technology (ICTA-UAB) that develop an integrated system
analysis of urban nature-based solutions.

* Barcelona Supercomputing Centre (BSC), that develop of air quality mathematical models as useful
tools to obtain forecasts and assess the dynamics of regulated air pollutants.

Additionally, other stakeholders were contacted for their potential for the proper development of the
project. Some of them are policymakers or technicians from the cities where the participating high
schools are located (Sabadell and Terrassa local administration policymakers), educational
administration (training and educational support resources providers) such as CESIRE and ICE) and
informal learning providers in charge of the Science Museum (Fundacion La Caixa).

Considering the characteristics of the collaboration and to ensure that OSC members were involved in
the project, quite different roles have been portrayed depending on their expertise. Teachers
collaborated especially in the co-design of the teaching and learning sequence (TLS), its implementation
and its evaluation. Scientists were especially involved at the beginning of the co-designing process,
when key ideas and practices for understanding air pollution issues were identified. In addition, they also
acted as STEM professionals role models during the implementation of the TLS, for example, presenting
(in-person or through videos) phenomena and challenges to be addressed; or clarifying and providing
feedback to students and teachers at different moments. Finally, policymakers, providers of training and
educational resources and informal learning providers have been involved in external feedback of the
TLS and in the dissemination of the co-created material.

Phase 2- Engagement in the Open-school science learning project (OSS)

A modular teaching and learning sequence (TLS) has been designed to help students develop a deep
understanding about the air pollution problem, make local research and explore possible solutions for it.
The planning, design, implementation, evaluation, and redesign/refinement of this TLS has been done in
collaboration with different OSC members, especially teachers and professional scientists.
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The final version of the TLS is structured into five main blocks of content, containing a total of 7
mandatory activities for the students and 7 optional ones. All activities and the correspondent teacher
support guide have been openly shared thought a web page and completely translated for a local and
international audience (link to the English and Catalan version).

During the process of co-design, implementation, evaluation and redesign/refinement, 3 key activities
were identified because of their potential for: evaluate the students’ learning of and about science (SO3)
and enhance student interest, self-efficacy, and career awareness in science (SO2).

The first one is the expression at the begging and at the end of the TLS of the students’ own ideas about
how they imagine clean and polluted air using different scales: seen with the naked eye and “inside of
it”. The second key activity involves students to reflect on how to conduct quality scientific research in
terms of: validity, reliability, and usefulness. To do so, they need to assess the adequacy of different
ways of collecting air quality data in their school (e.g., conducting a parent’s survey, inviting experts,
etc.). Then, they analyse research designs done by others that contains some quality problems such as
the use of inappropriate instruments to collect air pollution data. Finally, in the third key activity, students
are involved in the process of design and carrying out authentic semi-open research about air pollution
in their school. In fact, it involves students in designing scientific research question, identifying the
necessary instruments and processes to conduct the experiment, carrying out the experiment and
collecting data, analysing the obtained data, and elaborating results and conclusions about them.
Although, there are different moment where students have contact (in-person or through video) with the
OSC members; in all the schools, students received feedback from OSC researchers or policymakers
during the design process or at the end of them.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1- Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

During the establishment and development of the OSC, two useful strategies were identified to ensure
its success.

The first one is the establishment of mutually trustful relationships between the OSC members. To do so
it has been useful, especially in the establishment of the OSC, to use personal contacts from previous
projects. Another helpful action was to use part of the initial meetings not only to keep all the OSC in
contact, but also to clarify what the expectation of the members are and their main concerns about the
project. For some of the initial contacts, though, the idea of belonging to a project without being an
actual partner of it was considered problematic. These signals important shortcomings related to how to
involve institutions which have also many other projects in which that are under their own responsibility.
The second strategy used, it has been to establish a reference coordinator/s for the, recognized by all
the other members. At the moment, this role has been developed by us as school science researchers.
This figure has been identified as important, on the one hand, because it act as a bridge between all
OSC members diversity of interests, reference language or availability to participate, among others.
And, on the other hand, because it ensures the proper development, implication, and performance of the
OSC in all phases of the project. In this sense, the informal comment made by the teachers during the
meetings highlight that coordinators helped them to ensure that the TLS has educational quality, but it is
also in line with current scientific ideas and research on the topic.

Phase 2. Engagement in the Open-school science learning project (OSS)

A preliminary analysis of the feedback from teachers and students after the first round of
implementations has pointed out the potential of the 3 key activities for the achievement of the main
objectives of the project.

In this sense, it has been identified that the first key activity is useful to promote the students’
development of scientific content. It is specifically related with the particulate model of matter, which is
has been identified as essential to understand and act knowledgeably on the air pollution issue.


https://sites.google.com/view/engmultipliers2022-23/home-page?authuser=0
https://sites.google.com/view/engmultipliers2022-23/home-page?authuser=0
https://sites.google.com/view/v2-osc1-cat/inici?authuser=0
https://sites.google.com/view/v2-osc1-cat/inici?authuser=0
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Because the activity is done at the beginning and at the end of the TLS, it has also been helpful in
making both students and teachers aware of how their initial knowledge has evolved as they have
learned. Additionally, in those schools where the activity was presented by a OSC air pollution
professional scientist, it also seems to have potential to generate student interest in SS.

Regarding the second key activity, most students’ groups were able, first, to identify and reflect on the
best ways to answer a research question, and second, to identify the potentialities and main problems of
research designs done by others. When they shared their knowledge with colleagues, they were also
able to identify and justify adequately most of the relevant aspects related to the quality of research,
such as: “when we are doing scientific research it is essential that questions are in line with the way we
want to measure”, “we only need to use those instruments that are necessary to answer our question
but not all the available ones”. Reflections made by the students underline their potential for the
development of critical thinking and argumentation skills, especially on how science is done.

Finally, the third key activity was identified as relevant for the development of students’ inquiry skills and
their self-efficacy towards science. In this activity it has been observed that students, using a specific
designed scaffolding tool are able to plan and improve iteratively their own investigations of air pollution
around their school. At the end of the activity, most declare satisfaction because of their achievements.
Based on their informal feedback, it seems that the presence of researchers or policymakers both:
giving them feedback at some points in the research and, especially at the end, listening to how they
communicate their research and fundings, were important to their interest and self-efficacy in science
research.

Examples of challenges and potential pitfalls with specific methodological
activities and approaches

Phase 1. Identification and Exploration of socio-scientific issues (SSls) of
relevance to the local community

The lack of specific time, money, and institutional recognition for the stakeholders’ participation in the
OSC, has been identified as a barrier for the recruitment of OSC members and for getting their
commitment ensuring their long-term participation. For this reason, it was necessary: (1) to promote the
establishment of internal collaborations between projects/interests of the different stakeholders’
institutions; and (2) explore creative solutions to ensure their participation.

Related to the first point, it has been identified that participation was successful only in those cases in
which a concrete benefit was identified both for the Multipliers project and the stakeholder/institution. In
the case of scientists, their participation in OSC was successful when they could also have benefits for
their ongoing projects, for example, receiving direct feedback from teachers or science education
researchers to their external project’s school materials. However, in those case where benefits were not
clear enough, participation was really limited to a specific activity, such as recording a video for the
students.

Although the established collaborations between OSC members were considered useful for all the
stakeholders and, for now, most of them are actively involved, the sustainability of the OSC is not
guaranteed. The main reason is their participation implies extra time, effort and/or money for the OSC
members, for example, participating in extra meetings, preparing extra conferences, evaluating or
reviewing school materials for other projects... without a clear incentive. Most scientific institutions are
already doing their own agenda on outreach, which makes more difficult to fit new proposals within it.

In order to overcome some identified challenges and ensure the development and sustainability of the
OSC, it has been necessary to found creative collaborations and solutions. In our case, recording a set
of videos and presentation sheets in which the participating scientists explains who they and their
institution are, what they investigate and other personal info useful to act as STEM professionals role
models from a non-stereotyped viewpoint. These resources become helpful for example, to ensure that
students can meet scientist doing research near them, even though it is not possible for scientist to visit
them in-person.

Phase 2. Engagement in the Open-school science learning project (OSS)
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Planning and carrying out their own research about air pollution in their school has been identified as a
key activity because of its potential for the students.

However, some difficulties have been experienced in finding suitable school research instruments to do
so. In this sense, 3 educational constrains were identified during the cocreation phase of the TLS as the
most important to guarantee their usefulness in schools: (1) the research instrument must be easy to
understand by low secondary students; (2) the instrument must collect data in real time and not express
remotely data collected by others; and (3) the instrument must provide data to be analysed by students
without the necessity of a previous professional laboratory or experts analysis.

Finally, two main instruments have been used to collect and analyse data: a relatively low-cost
particulate matter (PM) sensor developed by one of the OSC members, and a digital magnifier glass.
The first one was especially helpful for those students who wanted to quantify and compare the number
of particles in different places. On the contrary, for those who wanted to compare the type of particles in
each place, the digital magnifying glass became more useful. Despite the potential of the used sensors
to collect data, some technical problems have been experienced with them and we have realised how
easily they become outdated.

Take home messages to consider for the next round

The recruitment and involvement of OSC members in building instruction around the SSI can be
improved by considering the following actions:

- Identify the potential benefits for the participation of all the members in the OSC.
- Explore how to overcome time, money and/or institutional recognition of the stakeholders to
guarantee the sustainability of the OSC.

- Explore new and creative ways of collaboration that not only implies in-person collaboration
between the OSC members. Specially to guarantee the sustainability of the OSC.

The teaching activity with focus on learning and students’ engagement can be improved by consideration
of the following:

- Explore the existence of other PM sensors for the students’ research that overcomes the technical
issues identified.

REFERENCES
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10. APPENDIX D - UL, Slovenia

COUNTRY REPORT 1 (D3.1) — UL, SLOVENIA

INTRODUCTION

Case context description

Theme

Biodiversity and ecosystem services

Country

Slovenia

Type of OSC-stakeholders involved
in Phase 1

OSC community, special active participation from: Teachers,
Researchers, Journalist

Student age group

6-18 years

Number of schools/
teachers/classes/students

3 schools / 3 teachers / 3 classes [from three levels] /
approximately 70 students

Time period devoted to Phase 2
(days, weeks, months)

8 weeks

Number of lessons (provide
approximate numbers even though

6 lessons for background and 3 lessons for the core
activities

details will be presented in D4.1)

Sites Online, classroom and outdoor

Type of OSC-stakeholders involved
in Phase 2

Primary school teachers, Secondary school teacher,
Researcher, Journalist, and Informal education provider

Education plays a critical role in promoting the understanding and appreciation of biodiversity and
ecosystem services. They can be defined as all the benefits that humans derive from the natural
environment, including air and water purification, climate regulation, and soil fertility. Despite taking all
these resources for granted, there is still a cost that we must pay even if we are not always aware of it.
These services are essential for human well-being and are dependent on healthy and functioning
ecosystems. Education about biodiversity and ecosystem services helps individuals and communities
understand the value of nature and the need to conserve it. By promoting awareness of the topics,
people can make informed decisions about how to manage natural resources sustainably on long term,
without feeling their life standard is decreasing but rather vice versa. Education can also help individuals
and communities recognize the potential negative impacts of their actions on biodiversity and
ecosystems and take steps to mitigate these impacts. Educational programs on ecosystem services can
take various forms, including formal education in schools and universities, public awareness campaigns,
and community-based initiatives. These programs can focus on topics such as biodiversity conservation,
climate change, and sustainable agriculture and forestry. Such programs can also help foster a sense of
responsibility and stewardship towards the environment among individuals and communities. For all the
programs related to education and ecosystem services to be effective, it is necessary to establish
connections between them. Additionally, it is important to ensure that formal school spaces are
accessible to various stakeholders in society. These stakeholders include research institutions that can
provide the latest information and knowledge, journalists who are skilled in communicating scientific facts
to different social groups, policy makers who can develop effective sustainable policies, and community
members such as families who must make changes in their lives for any meaningful transformation to
take place.
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In collaboration with a group of formal and informal educators, scientists and wildlife managers, students
will not only learn about sustainable ecosystem management but also study different ecosystem services
and their values for the wellbeing of societies. By using collaborative, problem-, and inquiry-based
learning approaches in a first Open Science Community in Slovenia, they will be able to understand and
appreciate the diversity of ecosystem services. Capitalizing on the expertise of MULTIPLIERS’ partners,
the students will learn that ecosystem services can be in competition with each other, and even if they
can be balanced, there may still be possible trade-offs.

METHODS

Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

There are several reasons that the theme biodiversity and ecosystem services was considered an ideal
SSi for the MULTIPLIERS project. First, it connects all other MULTIPLIERS project SSils (air pollution,
forest use vs. forest protection, clean water and sanitation, anti-microbial resistance, and vaccination).
Secondly it is not well-known term in general society even though it quite polarized topic in the society.
Different stakeholders have different views on the problems we face regarding biodiversity and
ecosystem services. That opens a space for discussion and gives great opportunity for students to
connect the dots and learn how to face complex challenges we are currently facing. More than 35% of
the Slovenian territory is under the Natura 2000 protection network, which encompasses areas of high
biodiversity and ecological value across the European Union. This makes Slovenia one of the countries
with the highest percentage of protected areas in Europe. The Natura 2000 network in Slovenia includes
various habitats, such as forests, grasslands, wetlands, and marine and coastal areas, which provide
essential ecosystem services, including water regulation, soil protection, and carbon sequestration. The
protection of these areas is critical for the conservation of biodiversity, as well as for the sustainable use
of natural resources and the promotion of eco-tourism. The Natura 2000 network in Slovenia is managed
through a collaborative approach involving various stakeholders, including government agencies, NGOs,
and local communities, to ensure effective conservation and management of these important natural
areas. Therefore, biodiversity and ecology topics are well known to Slovenians. However, there is still a
great need to update teaching materials and methods used in schools to equip students with knowledge
and understanding and make them the advocates of action in their families and local societies. This is
even more important since we notice a decrease of young people with an interest for natural science
subjects and careers.

To design instruction around the theme we designed a team of experts from different fields, who have
interest in biodiversity, ecosystems, and education:

» Science Research Institutions: Slovenian Forestry Institute, Natural History Museum,
University of Maribor.
« Schools: Smartno pod Smarno Goro Primary School, Spodnja Sigka Primary School, I1.

Gimanzija Maribor (upper secondary school).
* Media: Casoris — an online journal for youth that provide them relevant (scientific) information of

high quality and relevance.

+ Civil society and local NGOs: DOPPS, Birdlife Slovenia.

« Informal learning provider: Public Service Agency Skocjan Caves Park, Center $olskih in
ob$olskih dejavnosti (CSOD), who is a unique Slovenian network of facilities for outdoor
education, ideal for the needs of MULTIPLIERS project.

To include stakeholders from different perspectives, we invited the experts to participate in
MULTIPLIERS. Contacts were established through e-mails and/or phone calls and with brief information
about the OSCs. Each expert was expected to contribute in a unique way. For example, the journalist’s
participation would support students’ critical thinking, teach them how to communicate scientific issues in
the society and provide a platform for student’s articles. All experts were invited to two meetings (Zoom)
about the project, one in February 2022 and one in October 2022. Some experts were also invited to
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individual meetings, for example, the teacher and the scientific expert were more carefully involved in
planning a teaching activity and materials.

The theme activities were mainly developed by representatives from The Slovenian Forestry Institute
and University of Ljubljana Faculty of Education. We designed a didactic tool called “Natural backpack”
in which we included general objects like spoon, different containers, scissors etc. as well as more
scientific tolls like centrifuge tubes, protective glasses, scale, binoculars and similar. The backpack was
delivered to partner primary schools at in person meeting that took place in September 2022 at the
University of Ljubljana Faculty of Education. We also designed small booklet with educational
instructions and ideas for few interdisciplinary activities that invite and motivate students and their
families to engage into project, go out in nature and explore their local environments, biodiversity and
ecosystem services on different levels.

1.10 Phase 2 - Engagement in the Open-school science learning project (OSS)

The three activities (Al, A2, and A3) and their connections to key concepts, design principles and
scaffolds are described below.
Al: Workshop by Ursa Vilhar, PhD from SFI’s Department of Forest Ecology

To rase awareness on forest ecosystem services and connect our SSI to one that is primarily led by
Swedish partner (forest use vs. forest protection), our Slovenian project's OSC partner Slovenian
Forestry Institute (SFI) conducted a workshop at the Betnava Forest, in the city of Maribor on 16" of
June 2022. 21 students from gymnasium school Il. gimnazija Maribor attended the event. Ur8a Vilhar,
PhD from SFI's Department of Forest Ecology, introduced a set of games that allowed students to get to
know and experience the forest in a playful and interactive way. The activity then focused on different
aspects of biodiversity and forest ecosystem services.

A2: An activity manual “Z glavo v naravo” (with head to nature)

To encourage students, their parents, and relatives to get involved in inquiry-based activities, we
prepared a set of cards with inspirational ideas to encourage students, their parents, and relatives. In
sequence, an extended version of the set of cards was developed: a small handbook with more detailed
information and a protocol for different educational activities. They address various ecosystem services
and are designed so that teachers can use them directly in their classes and outdoors. Additionally, the
booklet is useful also for individual family usage and to expand their understanding of biodiversity,
ecosystem services and the impact this has on our lives. To make the whole idea behind the booklet
clearer and more interesting, we also prepared a video, where we explained one activity from the booklet
in more detail and hopefully make it more interesting. The video was also meant to work as a
multiplicator tool.

A3: Natural science backpacks

To enable students’ engagement in meaningful science-society interaction and development of critical
thinking competence, we designed a toolkit. Already in April 2022, the Slovenian MULTIPLIERS Open
Science Community (OSC) designed different activities for young students to address still much-
overlooked biodiversity and ecosystem services in the local environment. Therefore, so-called “natural
science backpacks” was designed, which allow them to observe and explore various living environments
of their choice. Inside the backpacks, different types of objects were included, from everyday utensils
such as strings, spoons, forks, and knives to more technical equipment such as binoculars and
containers with professional laboratory tubes, among others. Altogether, we assembled 10 backpacks
that were distributed in our MULTIPLIERS partner schools. In September 2022, we organized a project
meeting with our partners at the University of Ljubljana’s Faculty of Education, where all the materials
and the concept of the project were described. The idea behind the backpack was to equip students to
use backpacks at home with their parents, inviting them to join the learning processes for one week, to
jointly observe and explore various living environments of their choice and document findings in a
research diary. This way, students acted as knowledge multipliers, putting the main idea of the
MULTIPLIERS project into practice! To further improve the backpack activities in the future, the whole
implementation process is analyzed - how backpacks are used is being closely monitored by
interviewing involved teachers and with content analysis of diaries.


https://multipliers-project.org/multipliers-open-science-community-gets-active-in-slovenia-with-outdoor-lesson-in-the-forest/
https://multipliers-project.org/multipliers-open-science-community-gets-active-in-slovenia-with-outdoor-lesson-in-the-forest/
https://multipliers-project.org/multipliers-open-science-community-gets-active-in-slovenia-with-outdoor-lesson-in-the-forest/
https://multipliers-project.org/slovenian-students-discover-the-importance-of-ecosystem-services-with-new-natural-sciences-backpack/
https://multipliers-project.org/slovenian-students-discover-the-importance-of-ecosystem-services-with-new-natural-sciences-backpack/
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RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1 - Identification and Exploration of socio-scientific issues (SSls) of
relevance to the local community

Ecosystem services encompass all functions of natural systems that humans benefit from, such as clean
air and water, fertile soil, pollinating insects, protection from natural disasters, climate regulation and
much more. Despite being essential to all life-support systems, ecosystem services are often considered
“free” and taken for granted. Studying ecosystem services makes their value more visible to students’
eyes, increasing their appreciation and willingness to treat nature with respect. With that in mind,
researchers at the University of Ljubljana Faculty of Education invited different competent individuals and
organisations as OSC members. Main successful recruitment approach of OSC members involved
personal contacts. For identification and exploration of socio-scientific issues (SSIs) an online (Zoom)
meeting with all Slovenian OSC partners in February 2022 was organized. At the meeting we explained
the objectives of the

MULTIPLIERS project and the main Slovenian theme of biodiversity and ecosystem services and give all
the partner chance to give any comments, suggestions, and feedback. Based on the meeting we then
made a strategy, how to perform first stage of the project and how to involve all our partners for getting
the best possible outcome results and multiplication effect.

Phase 2 - Engagement in the Open-school science learning project (OSS)

A1: Students from gymnasium school Il. Gimnazija Maribor had enjoyed participating in the workshop:
identifying plant and animal species, determining the habitat and conservation status of various animals,
and considering the vast range of ecosystem services that forests provide, such as clean air and water,
carbon sequestration and raw materials. In the end, students were enthusiastic about getting to know the
forest in a more experiential way. With many students often lacking fieldwork experiences, which are
scarce in regular secondary school biology programmes, the workshop highlighted the importance of
outdoor education in comparison to traditional classroom learning. Outdoor lessons enable students
more opportunities for learning by doing, while also helping them to connect theoretical and practical
knowledge in real-life situations.

A2: The preliminary results of the backpack activity show that many primary school students don’t follow
only the instructions for the activities presented on cards, but rather come up with their own creative
ways of exploring ecosystem services and biodiversity. That is actually very positive message, since we
were afraid that this might be one of the main challenges — how to encourage students to be creative
and discover nature unencumbered. However, prepared cards and especially the booklet was a success
among teachers, who already gave some comments that will help us to improve and publish it in Slovene
and English version in the next stage of the project. Also, the video explaining one of the activities was
verry well accepted. We made long and short version of the video. In the next stage of the project, we
plan to make similar videos also for other activities, described in the booklet as well as expand the
booklet itself with more activities related to the topic.

A3: So far, involved actors are enthusiastic about all the possibilities offered by the backpack and
usually don’t lose much time before starting to explore and use its contents. Besides teaching about
different living environments, we realized that the backpack is very useful also for training tidiness,
conscientiousness, sharing, how to take good care of materials and some other necessary soft skills.
Usually, students were very excited when they saw the professional scientific tubes that are included in
the kit. They instantly transform into “professionals” and gain more motivation to explore and learn about
nature. In the future, we will expand and optimize whole kit and of course add other interesting activities
for multiplying knowledge and awareness about ecosystem services that we all benefit from and should
be better protected. From the interviews conducted with teachers involved, they are all very happy to be
part of the project. Some missed few materials, which we already added to the kit. They also mentioned


https://www.youtube.com/watch?v=HzPY7McUGE0
https://www.youtube.com/watch?v=HzPY7McUGE0
https://www.youtube.com/watch?v=TxKRPwv155Y
https://www.youtube.com/watch?v=TxKRPwv155Y
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that the whole activity was well designed and that they would not change it. Some state the recording of
observations as a big advantage of the whole concept. This way, students become aware of the process
and can draw it. Presenting own discoveries to their classmates has also a great value. That way,
everyone feels confident, and can train also other skills not directly connected to biodiversity and
ecosystem services as well as directly act as multipliers. All those observations teachers mentioned can
also be confirmed from preliminary results we got by analyzing the natural diaries.

Examples of challenges and potential pitfalls with specific methodological
activities and approaches

Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

Identifying and exploring socio-scientific issues (SSIs) of relevance to the local community is crucial to
promote scientific literacy and engage citizens in decision-making processes. SSls refer to complex,
real-world issues that have scientific components and ethical, social, and environmental implications. To
identify relevant SSis, it is essential to involve community members and stakeholders in the process and
consider their perspectives, needs, and concerns. It is essential to communicate findings and promote
dialogue and collaboration among stakeholders to create informed and inclusive decision-making
processes that address the SSIs' social, ethical, and scientific dimensions. Therefore, one of the main
objectives of Phase 1 was bringing different OSC members together at the same place and time.
Therefore, we had to organize online meetings, which worked fine, but they didn’t bring the same or
optimal outcome that they could if we would all meet in person. Another challenge that we faced was
responsiveness of the teachers involved in the project. In Slovenia, teachers are really overwhelmed with
all sorts of obligations and expectations. Sometimes it is a bit hard to reach them, even though they are
all highly motivated and responsible.

Another problem was to find a policy maker OSC partner. Even though we tried hard to get one,
eventually we didn’t manage to convince any of the suitable individuals yet. But we identified some from
the National Education Institute Slovenia.

What we identified as a challenge was also how to connect and include all the partners into the OSC
network and use their specific knowledge to create connected programs with optimal multiplication
effect.

Phase 2 - Engagement in the Open-school science learning project (OSS)

Like in Phase 1, the implementation of Phase 2 suffered from bad responsiveness of some stakeholders
and time coordination. One of the problems was also getting the right feedback, since the universal
guestionnaire, coordinated by all international project partners, was not completely suitable for young
students (first 3 grades of age). We also faced the “rooftop” problems, when analysing student’s
response to the questionnaire.

Another problem that we faced while realizing Phase 2 was how to assemble enough kits for need which
teachers expressed. Engagement in open-school science learning projects can be challenging due to
various factors, such as the lack of resources, time constraints, and competing priorities. Additionally,
there may be obstacles in communicating complex scientific concepts to students or addressing diverse
learning needs. Moreover, sustaining engagement over time can be a challenge, especially when
projects lack relevance to students' lives or do not connect with their interests and aspirations. Finally,
ensuring equitable participation and addressing cultural and socio-economic barriers can also be
significant challenges in open-school science learning projects.

Take home messages to consider for the next round

The recruitment and involvement of OSC members in building instruction around the SSI can be
improved by personal visits from main project leaders (University of Ljubljana Faculty of education
MULTIPLIERS project stuff). By doing so, we can motivate other OSCs to invest more energy into the
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project and to be more responsive, since only by e-mail and online communication many don'’t feel
connected to the project enough.

It is very important to give students some open space for investigating their environments and present
their discoveries and gained experience to others — their schoolmates as well as other community
members. That is also very important for increasing multiplication effect of the designed activities where
this is main goal of MULTIPLIERS project. However, first results show that parent’s role is still very
important. Therefore, it would be wise to consider including some events and activities for parents and
other family member by OSC members and not only count on students to share all the excitement.

To provide some good practices, physical tools and materials is very efficient and important as we
discovered in the first stage of the project. Especially young students are motivated mostly by physical
material that they can investigate. The enthusiasm they gain is then often passed to their parents and
family members who help them perform a project, they can present to other schoolmates afterwards.
The teaching activity with focus on collaboration with OSC members can be improved by consideration
of the following:

- Conduct frequent, short, and, if possible, in person meetings, to keep an open and continuous
communication between teachers and other stakeholders of the OSC community.
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11. APPENDIX E - UMU, Sweden

COUNTRY REPORT 1 (D3.1) — UMU, SWEDEN

INTRODUCTION

Case context description

Theme

Forest use vs Forest protection

Country

Sweden

Type of OSC-stakeholders involved
in Phase 1

OSC community, special active participation from: Teachers,
Researchers, Teacher educators, Journalist

Student age group

15-17 years

Number of schools/
teachers/classes/students

1 school / 1 teacher / 2 classes [from two programmes] /
approximately 50 students

Time period devoted to Phase 2
(days, weeks, months)

10 weeks

Number of lessons (provide
approximate numbers even though
details will be presented in D4.1)

10 lessons for background and 9 lessons for the core
activities

Sites

Classroom

Type of OSC-stakeholders involved

Teacher, journalist, researchers (via video-clips)

in Phase 2

Since almost 70% of Sweden is covered by forests the theme “Forest use vs Forest protection” is
relevant to most people in the country. The theme is particularly close to people in the heavily forested
north where our project is situated. For students, forests are relevant for recreation like skiing or hunting,
or through family-owned forests. Stakeholders’ different interests in forests make the question about
forest use vs forest protection a source of potential conflicts of interest on different levels in society. For
example, ensuring sustainable forest management, continued provision of ecosystem services and
maintained biodiversity include trade-offs using the best available data and scientific knowledge as well
as personal, cultural, societal and historical values. The authentic cases used in the implementation of
the theme increases students” ability to make decisions about forest-related issues. Insights into different
economic, ecological, cultural, and social perspectives on forests will enable students to make
compromises and develop different pathways for action.

Through authenticity and connection to students’ everyday lives the forest theme is suitable to promote
interest in science and self-efficacy for learning science (SOZ2). Further, it has great potential to provide a
context for engagement in activities aimed at development of analytical and critical thinking
competencies by inquiry learning, argumentation, collaboration, communication, and decision making
(S0O3). The continued need of recruiting people to forest research and forestry further emphasizes the
importance of the topic for future generations and for stakeholders currently involved in the forest.

METHODS
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1.11 Phase 1 - Identification and Exploration of socio-scientific issues (SSls) of
relevance to the local community

There are several reasons that the theme Forest use vs. Forest protection was considered an
appropriate SSI for the MULTIPLIERS project. First, it is a polarized topic that is frequently debated in
society via social media and local (https://www.svt.se/nyheter), national (https://www.vk.se) and
international media (https://environment.ec.europa.eu). One reason for this ongoing debate is that a
large proportion of the Swedish population is somehow involved in the issue, often through small-scale
forest ownership. People also use forests for recreation, tourism, and reindeer herding. Companies and
authorities also express needs to exploit new areas for housing, mining and energy utilization. Further,
conservation groups are active and often engage in public debate. Besides being a polarized issue, the
forest research community has identified a need to update teaching materials used in schools since
these are often based on outdated research results. In addition to this need for new material to educate
students on forests and forestry, there has also been a decrease in young people with an interest to go
into either research or other types of forest-related work.

To design instruction around the theme we contacted experts who have interest in forest issues and
potential to contribute to students’ engagement with, learning about and understanding of the complexity
surrounding the theme:

» Science Research Institution: The Swedish University of Agricultural Sciences
« School: Ornskéldvik's gymnasium (upper secondary school)

* Media: Ajournalist from the local newspaper Norran, experienced in covering issues related to the
forest debate

* Civil society and local NGOs: A local division of The Swedish Society for Nature Conservation,
a small-scale private forest owner, representatives from the indigenous Sami communities

* Industry: MeraSkog, a cooperative for the forestry and forest industry sector
« Informal learning provider: Curiosum, a science center located in Umea

To include stakeholders from different perspectives, we invited the experts to participate in
MULTIPLIERS. Contacts were established through e-mails and/or phone calls and with brief information
about the SOs. Each expert was expected to contribute in a unique way. For example, the journalist’s
participation would support students’ critical thinking and an insight into the theme’s relevance to the
local community. All experts were invited to two meetings (Zoom) about the project, one in February and
one in August. Some experts were also invited to individual meetings, for example, the teacher and the
journalist were more carefully involved in planning a teaching activity.

The theme activities were mainly developed by representatives from The Swedish University of
Agricultural Sciences (SLU) and teachers. Through an iterative collaboration, which was initiated already
in 2019, they designed an online teaching platform called The Forest Lab (https://skogslabbet.se) which
was released in 2022. The activities were organized in modules and had the potential to engage
students’ development of analytical and critical thinking competencies by inquiry learning,
argumentation, collaboration, communication, and decision making (SO3) as well as promote students’
interest in science and self-efficacy for learning science (SO2).

1.12 Phase 2 - Engagement in the Open-school science learning project (OSS)

The three activities (A1, A2, and A3) and their connections to key concepts, design principles
and scaffolds are described below.

A1l: Interviews with three generations

To place the forest-theme in an authentic, local and historic context, and to highlight relevance
to students’ everyday life, students interviewed people from three generations about their


https://www.svt.se/nyheter/lokalt/vasterbotten/uppror-bland-skogsagare-i-vasterbotten-alla-faglar-maste-kartlaggas
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https://www.vk.se/2020-11-27/skogsutredningen-gor-ingen-nojd
https://www.vk.se/2020-11-27/skogsutredningen-gor-ingen-nojd
https://www.vk.se/2020-11-27/skogsutredningen-gor-ingen-nojd
https://environment.ec.europa.eu/strategy/forest-strategy_en
https://environment.ec.europa.eu/strategy/forest-strategy_en
https://skogslabbet.se/
https://skogslabbet.se/
https://skogslabbet.se/
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individual historical relationship to forests under the theme “What do three different generations
know about forests”. Students were asked to formulate questions and use these to interview
parents, grandparents or other people from different generations about their current relationship
with, and use of the forest. Most importantly, they were asked to find out how the people they
interviewed think forest use has changed throughout their lifetime. The students submitted a
written report on their interviews.

A2: Forest debate, a roleplay on “Forest use vs Forest protection”

To engage students in authentic activities evaluating evidence and supporting claims, the
formulation of creative solutions to the SSI, and collaboration to build and evaluate knowledge,
a roleplay activity was used. Students were divided into groups representing the following
stakeholders: private forest owners, forest companies, the general public, environmental
organizations, indigenous Sami communities, and public authorities. Students rolled a dice to
get appointed with an individual age, gender, role in the stakeholder group, and personal traits.
Students prepared by doing research in authentic media and literature. The debate took place in
the classroom and involved three issues/case studies, for example:
A municipality wants to cut down the forest and build housing in a local forested area that
is currently used for recreation. A citizens' proposal suggests that it is more important to
keep the forest for people’s health and well-being. The question is: should a citizens'
proposal have impact on the decision about how to use a local and accessible forest in
light of the municipality’s new needs?

The debate was evaluated with observations, students’ reflections (oral and written) and the
teacher’s reflections.

A3: Investigation of how the forest debate is portrayed by the media

To enable students’ engagement in meaningful science-society interaction and development of
critical thinking competence, a journalist from the local newspaper who was also a member of
the OSC community, met with the students. The objective was for the students to gain insights
into the work and considerations of a journalist and highlight core aspects which distinguish their
profession from opinion-makers with different agendas. In preparation, students read a recent
and authentic newspaper article titled “Forest companies cut down forests younger than
regulations allow”. Based on the article, they wrote a short reflection on whether they found the
article balanced (or unbalanced) in relation to the perspective of different stakeholders. During
the in-class activity, students also had the opportunity to engage with the journalist to reflect on
the article and ask questions about journalism.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

One successful recruitment approach of OSC members involved personal contacts. Already in October
2019, we were contacted by SLU to give input on the development of an uppersecondary school online
teaching material. The new material presents research-based information concerning forest growth and
management, biodiversity, and sustainability. We were contacted based on our expertise and
experiences on developing teacher professional development programs for socio-scientific inquiry-based
teaching and learning (https://www.parrise.eu/teacher pd/teachers-as-designers-and-co-designers-of-
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ssiblhttps://www.parrise.eu/teacher_pd/teachers-as-designers-and-co-designers-of-ssibl-
activities/activities/ and https://larportalen.skolverket.se/#/modul/2-natur/Gymnasieskola/504-SNI). Two
teachers, previous participants in professional development programs, were engaged as co-developers
of the material. One of the teachers continued to work with us in Phase 2. When the MULTIPLIERS
project started, our involvement in SLU’s online teaching material continued. The material includes short
presentations by, and interviews of, experts in the area; which invites students to meet fact-checked
information and role models. The material also includes activities to raise awareness about the SSI and
prepare the students to participate in interaction with society and companies. Both the project manager
and one of the teacher developers of the teaching material pointed out that the involvement of a highly
diverse group of collaborators is unusual and a successful aspect of the work.

Phase 2 - Engagement in the Open-school science learning project (OSS)

Students showed engagement in all three activities, and especially great engagement in the Forest
debate during the activity. Further, the teacher confirmed that students get back to their experiences and
relate to the theme in the science lessons in other areas months after the activities were performed.

In the Forest debate (A2), students showed specific interest for both the debate-format and the verbal
argumentation. They based arguments on scientific knowledge as well as personal, cultural, societal and
historical values, showing both science-communicating competence and knowledge about the topic
Forest use vs Forest protection. Immediate student-comments after the debate included science
learning, for example: “generally it was a good possibility to discuss what we thought about forest use”
and “we learnt things when we did the research” as well as comments about the activity: “in the
beginning, | was focused on what my character thinks but towards the end, | reflected on what | believe
myself” and “l am not like that in reality, this was acting”. Also, students wished for more debate around
some of the questions. For example, they suggested rephrasing the questions to elicit more various
opinions and arguments among the actor groups.

After the Forest Debate, students handed in written reflections upon what was most interesting and what
they learnt from the Forest Debate. Common answers included learning facts from searching information
and creating arguments when preparing for the debate, how to perform a debate, how to listen to and
meet other interest-groups arguments, increased awareness about dilemmas regarding the forest
including difficulties with decisions that different groups can agree upon. Also, the importance of being
aware of, look after and not take the forest for granted. The evaluation also contained two questions
about valuing the activity in terms of how interesting it was and how much they had learnt. The Science-
class valued the activity 4 out of 5 in both interest and learning, and the Economics-class valued 3,2 out
of 5. There were also differences in engagement, with Economics students showing greater engagement
in the debate but using fewer science-based arguments. Taken together, this indicates that the debate
was successful regarding SO2 as well as SO3, but also that the choice of student-group matters for such
deep engagement in a topic.

The Interview with 3 generations (A1) highlighted cultural values, and the teacher tells us that students’
different backgrounds were visible in their formulations of interview questions as well as in the answers
they got from family members. Students with background than Swedish got a particular insight in the
value of the Swedish forests to families who previously lived in countries with less access to forests for
recreation.

The Investigation of how the forest debate is portrayed by the media (A3) focused on democratic values.
Discussions that followed focused on what is behind what we read in newspapers compared to, for
example, social media. This highlighted the importance of developing media education skills and
knowledge in relation to all societal and environmental challenges, which helps to make science more
meaningful and relevant to everyday life.

In summary, all three activities were successful in terms of student engagement with the SSI (SO3).
Examples of successful interactions between students and society are that the family members
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appeared to be actively involved and interested during A1, which helped to raise students’ awareness of
the relevancy of the issue. During A3, the journalist’'s open communication withs the students, the
teacher and us contributed to the design of the activity and its ability to raise students’ awareness and
interest. In planning A3, the objective of the journalist's expert contribution was expanded thanks to open
and responsive communication between the collaborators. From only being expected to engage students
in discussions about how to communicate, she ended up covering critical thinking issues and also
offered to review interview techniques. These techniques were not used in the first round but the offer
stands. This is a successful example of how an iterative process of Phase 1 and Phase 2 can enrich the
project.

Examples of challenges and potential pitfalls with specific methodological
activities and approaches

Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of
relevance to the local community

One of the main objectives of Phase 1 was the involvement of OSC members in a joint effort to identify
and explore relevant SSis, preferably in the school environment. A major issue encountered revolved
around building an interactive OSC in a geographic area with long distances between the experts. Online
meetings presented a challenge since informal conversation is difficult to accomplish and conversation is
obstructed.

Another difficulty encountered was the hampering of recruitment of potential OSC members, caused by
the lack of a set plan with dates and activities. However, such characteristics could be counterproductive
in a project intended to be co-developed over time by the participants. Yet, presenting only a broad
theme without clear expectations or plans to potential OSC members with the hope of their active
participation proved too vague an approach.

Our attempts to engage representatives from indigenous Sami communities proved to be difficult.
Among the aspects of aggravating circumstances communicated by one contacted person was that the
Sami peoples’ history of negative experiences from cooperation with authorities had resulted in a
reluctance to collaborate with governmental organizations. Adding to this were the many requests to
participate in different contexts that Sami people continuously receive, leading to an overload on
individuals.

One potential pitfall found was that a lack of contact and communication between OSC members and
teachers could result in misunderstandings. This occurred during the planning of the journalist’s in-class
participation when the objective of the activity was unclear and we had to arrange more frequent
meetings. Similarly, collaborators of the teaching material encountered some difficulties caused by lack
of pedagogic awareness among members who were unfamiliar with current schooling contexts.

Phase 2 - Engagement in the Open-school science learning project (OSS)

Several objectives of Phase 2 involved the promotion of students’ interaction with experts. Similar to in
Phase 1, the implementation of Phase 2 suffered from long distances between experts and the school. In
A3, the journalist expressed a difficulty in interacting with the students due to a lack of sound and ability
to see the students clearly stemming from the online setup which she viewed as a potential weakness in
her participation. Students, on the other hand, reported in their evaluation of A3 that they learnt a lot from
the journalists’ online participation. In retrospect we conclude that the activity involving the journalist
would be preferred in person, and be more efficient if it was done before preparing for the role play and
possibly also in advance of the interviews since the journalist has expertise in formulating efficient
guestions.

In A2, some students asked for rephrasing the questions in the task for the role play, and while this
showed a developed agency, it raised an awareness about possibilities to involve students even further
in the debate.

Involving experts in the implemented teaching activity was challenging. One reason was the difficulty to
conduct planning meetings with the OSC community. Another reason was that unexpected events often
occurred, which is inevitable in the dynamic context that schools tend to present. The planning efforts
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suffered due to constant changes which had to be facilitated and adjusted for. While this may be
impossible to avoid in school contexts, it is worth to consider how the effects of the unpredictability can
be counteracted.

Take home messages to consider for the next round

The recruitment and involvement of OSC members in building instruction around the SSI can be
improved by considering the following actions:

Engage OSC member who are geographically closer to one another so that online meetings can
be reduced: This allows OSC members from different contexts and with different interests in the
SSI more time and opportunity to reason and discuss.

Streamline the process by preparing a temporary time plan which can be filled with activities and
revise this according to the outcomes of OSC community meetings.

Collaborating with indigenous people in projects such as the MULTIPLIERS may demand
different approaches to ensure meaningful engagement and reciprocity between the individuals
and/or communities involved in the project (AH&MRC 2016).

Attempt to give the experts a more central role in interacting with students to define roles in the
actor groups in A2. This would also increase students’ opportunities for contact with different role-
models and give possibilities to engage in a discussion.

The teaching activity with focus on learning and students’ engagement can be improved by
consideration of the following:

Implement the teaching activities in a different order to increase interaction with and opportunities
to learn from experts.

Increase student agency by involving them in formulating the questions for the interview with
three generations (Al), and in formulating the task for the role play (A2).

Consider what types of support different students groups need from the teacher to engage
scientifically in the theme.

The teaching activity with focus on collaboration with OSC members can be improved by
consideration of the following:

Conduct frequent, short meetings to keep an open and continuous communication between
teachers and the OSC community.
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12. APPENDIX F - IREN, Italy

COUNTRY REPORT 1 (D3.1) — IREN, ITALY

INTRODUCTION

Case context description

Theme Clean Water & Sanitation

Country Italy

Type of OSC-stakeholders involved | OSC community, special active participation from: Teachers,
in Phase 1 Water Technicians,

Student age group 17-18 year old

Number of schools/ 1 school / 6 teachers / 2 classes [from 6 programmes] / 42
teachers/classes/students students

Time period devoted to Phase 2 2 months

(days, weeks, months)

Number of lessons (provide 5 lessons for background and 7 lessons for the core activities
approximate numbers even though
details will be presented in D4.1)

Sites Classroom — Science lab — water plants

Type of OSC-stakeholders involved | Only water technicians from Iren subsidiaries, other OSC
in Phase 2 stakeholders to be involved in the following phase

Water management is crucial to sustainable development, because clean freshwater and sanitation
services are essential to human health and well-being. While substantial progress has been made to
achieve the integrated management of water resources, billions of people still lack access to safe
drinking water and sanitation. Furthermore, water scarcity is one of the major challenges of our times
and threatens to get worse in the next few years due to climate change and population growth.

The Italian experience aimed at working out students’ views around the topic and influence changes in
water consumption and perception.

Considering water drinking habits, Italians consume the most bottled water per person in Europe. There
are over 600 domestic Italian bottled water brands, which means that about 600 different bottled water
brands are sourced in Italy. An ltalian's average amount of water is nearly half a liter, and over half of
the population prefers bottled water to tap water. This implies a high environmental impact in terms of
production of waste and pollutants. Many beliefs are related to preconceived ideas rather than to actual
experiences or product characteristics: tap water is controlled every day, is safe to drink and has usually
a good taste.

Regarding sewage management, "Not In My Back Yard" is an usual battle cry of residents from areas
that are being considered for a new sewage treatment plant. Securing social acceptance is important, as
wastewater treatment plant play a significant role in reducing environmental pollution caused by direct
discharge of sewage in water bodies. Furthermore, inaction in meeting wastewater targets and
complying with the legal requirements set by the European directives is coming at a high price and
implies court action and/or fines for administrations.
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With MULTIPLIERS, schools and communities are engaged to increase their scientific understanding of
water management and sustainable use and to debunk common myths and fake news, encouraging
good habits to protect water resources and safeguard the environment.

To appreciate water value, it is vital to make clear that water doesn’t flow out of the tap by magic and
sewage must be collected and treated: this implies long and complex processes, involving pipes and
plants, state-of-the-art technologies, continuous quality control, machines, materials and energy. There
is a common lack of awareness on the link between technological advancement applied to management
of water resources and health and hygiene conditions in our countries.

It is also important to increase knowledge and trust on distributed drinking water, submitted to
continuous quality controls, to contrast overconsumption of plastic bottled water.

The project has been undertaken by the Iren educational division Eduiren in cooperation with of the
Pascal applied sciences upper secondary school in Reggio Emilia. The school has been selected, due
to its long consolidated experience in open school projects.

Experts from Ireti, Iren Acqua and Iren Lab, the company’s subsidiaries dealing with the management of
water plants and networks and analytical controls, have been involved in designing the training activities,
in consideration of their important contribution in explaining the complexity of integrated management of
the water cycle. In detail, the following actors have been involved in this phase:

» School: Blaise Pascal upper secondary school teachers (chemistry and science lab, biology,
Italian, history, art history, English)

* Industry: Water technicians (water laboratory technicians, manager of wastewater treatment
plant, drinking water management engineers)

* Informal learning provider: Eduiren (Iren educational division) experts

Contacts with the Pascal upper secondary school were established through e-mails and/or phone calls
and different online and face-to-face meetings have been organized starting in the first quarter of 2022
to plan the project activities.

These were organized in modules, including didactic units, aimed at developing students’ analytical and
critical thinking competencies by inquiry learning, argumentation, collaboration, communication, and
decision making as well as promoting students’ interest in science and selfefficacy for learning science.
They are also part of a PCTO (the Italian dual system of vocational learning) programme, designed in
cooperation with teachers of different disciplines.

Pilot Teaching and Learning Sequence

A first teaching and learning sequence, aimed at engaging schools and communities to increase their
scientific understanding of water management and sustainability, place the water topic in an authentic
local context and highlight relevance to students’s everyday life, was experimented between end of
March and May 2022. This was addressed to 52 4™ grade students (17-18 years old) and included the
following modules:
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1.13 Al Presentation of local water management: processes and facilities/on-site visits/lab

activities

- Introduction to the topic of water quality, by the school chemistry teachers in cooperation with
Iren experts, with an analys of hardness in samples of water distributed in the Reggio Emilia
province, to make students aware of the characteristics of local drinking water supply.

- Introduction to the topic of water management by Eduiren experts and science teachers, with
particular focus on technologies and issues to face with, such as prevention of water losses, water
scarcity, climate change, drought and desertification, regulations and best practices. This was
followed by a technical visit of the water supply system reservoir, guided by Iren experts.

- Presentation on sewage networks and treatment systems, with focus on recovery and reuse
of discharge water and sludge, made by Iren technicians during the technical visit of the
Mancasale sewage treatment plant. This was followed by a visit of the water and wastewater
lab, where technicians assisted the students in analysing nitrogenous compounds in
wastewater samples, using spectrophotometric methods.

1.14 A2 Debate “Tap Water vs Bottled Water”

- The debate was coordinated by the teachers in cooperation with Eduiren experts, including
discussion and brainstorming on the quality aspects of different types of water and on the
environmental impact of our consumption habits. The students’ argumentative skills were
evaluated using a specific rubric.

A3 Authentic learning task “Your home/school water”

- Assignemnt of the group authentic learning task “Your home/school water”, involving students
in the definition of analytical certificates, with assessment and critical considerations on the
characteristics of specific tap waters. An online presentation was held on the task results, with
the assistance of experts from the Iren analytical laboratory.

1.15 A4 Water Blind Tasting

- Organization of a water blind tasting session, including data collection and evaluation, addressed
to students and families, to work out students’ views on water quality and discuss drinking habits.
Perceptions at the tasting experience were compared to the results of analytical tests on several
types of drinking water, allowing participants to debunk myths and fake news regarding water
guality and taste.

At the end of the school year four students were selected for two-week placements in the summer
period, which took place at the Iren analytical laboratory, allowing them to acquire practical knowledge
and skills on water management.

Il Mondo dell’Acqua (The Water World) — TLS 2.0

At the end of September 2022, a new Teaching and Learning Sequence has been designed and
integrated on the basis of the training path carried out in the previous school year. The new TLS was
addressed to 42 4™ grade students of the Blaise Pascal Applied Science upper secondary school. It
included the above described modules, optimised and upgraded following the pilot experience.

In November 2022 the now-5" graders made a presentation of the activities developed and the
knowledge acquired in the project to the 4th graders. These latter, after an assessment of the past
event, organised three water blind tasting sessions, within the “Scuole Aperte” (Open Schools) initiative,
collecting and evaluating data on water perception and knowledge from about 200 lower secondary
school students and parents.

Then, all the steps scheduled in the previous OSS training project were “upgraded” and scheduled.
These included a presentation of integrated water management, a study of a water analytical
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certificates, a debate on “tap vs bottled water”, group authentic task assignments on “Your home water”,
analytical tests on chemical parameters (hardness, pH, nitrogenous compounds) of water for human
consumption and sewage samples to assess water quality or pollution level and study on disinfection
treatment, technical visits of the Reggio Est water supply system, the Mancasale sewage treatment
plant and the Iren water analytical laboratory. In addition, to explore the evolution over time of water
management, the related perceptions and habits and to complete students knowledge, a history
research project on the Reggio Emilia Secchia Channel (Canale di Secchia) form the 16" to the 20"
century was undertaken.

A5 History research on local water systems and uses

Dating back from the Middle Ages, the channel was the first water system in the town: it provided water
for domestic and irrigation uses, it collected urban sewage from homes and factories, it operated mill
wheels serving millstones, textile workshops and other craft and proto-industrial activities. The project is
also important to raise awareness on the impact of technological progress on everyday life and on
health and hygiene improvements brought by the advent of drinking and wastewater treatment
processes.
- Italian and art history teachers have made a presentation on the history of water management and
has divided the students into groups, engaged in different assignments:
o analysis of ancient maps of the channel (from the 17th to the 19th century) and collection
of information on the channels path, on the water uses and on the place names
o exploration of the Reggio Emilia area, taking pictures of statues, historical artifacts and
sections of the channel
o comparison of ancient charts with maps of the modern distribution and sewage networks.
o visit of the Reggio Emilia State Archives to complete the study and collect documentation
on the “Botte Meravigliosa”, a barrel-vault section of the Secchia Channel.
o On-site visit of the “Botte Meravigliosa”

The project results are shown in panels, designed by the different groups of students in cooperation
with the art history and history and Eduiren and are the object of an exhibition open to the general
community.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Phase 1 - Identification and Exploration of socio-scientific issues (SSls) of relevance to the local
community

Iren and the Blaise Pascal Institute had already cooperated in the past in other open-school project on
subjects related to water and waste. This also happened within the framework of vocational learning
programmes. PCTO (Soft Skills and Career Guidance Training Pathways) are part of the educational
programme of Italian upper secondary schools, to help students make the right choice among career
options. In fact, they often included the organization of placements for some selected students.

A new project on clean water and sanitation was started, based on the previous successful open school
experiences.

The identified SSI can be developed through multiple means of expression, in compliance with the
Universal Design for Learning Approach, allowing students to improve their skills and knowledge and to
cooperate in a very effective way, each one providing a different contribution within the classroom.
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Furthermore, the issue is of common interest for all generations and can intercept different stakeholders,
increasing awareness and scientific knowledge of the general community.

The activities and contents were defined and linked to the school subjects involved, analysing the
possible contacts, the local situations and issues, to acquire knowledge and develop assessable
citizenship skills.

Future collaborations are envisaged with other OSC partners and other stakeholders to disseminate

the project results and the knowledge acquired.

Phase 2 - Engagement in the Open-school science learning project (OSS)

A1l Presentation of local water management: processes and facilities / lab activities/technical
visits: to enable students’ engagement in meaningful science-society interaction and development of
critical thinking competence, both during in-class activities and on-site visits, students had the
opportunity to engage with Iren experts to reflect and ask questions about different issues. The guided
visits (water reservoirs, wastewater treatment plant, Iren analytical laboratory) offered them the
possibility to experience first-hand how water processes are managed and to evaluate possible career
prospects. The students had the opportunity to explore connections between the different disciplines
and to apply theoretical contents and abilities acquired in in significant real-life contexts.

A2 Debate “Tap Water vs Bottled Water”: Before the debate, the problems connected to water
consumption habits were shortly presented, encouraging students to make their own research on this
subject. Students showed great engagement during this debate and showed interest for both the format
and the type of argumentation. Arguments were based on scientific knowledge as well as personal,
cultural, societal and historical values, showing both communication competence and knowledge about
the topic. The aim of the debate was to encourage a dialogue on the SSI, with the support of scientific
data from different reliable sources. Starting from their consumption habits, the students made a
reflection on socio-economic impact of management of water resources and sustainability aspects in
different regions around the world, pros and cons of our choices in different contexts and possible
solutions, measures and investments to safeguard the environment. They tried to organize their group
in an effective way to argument all the acquired knowledge with a thorough vocabulary. Students’
argumentation skills and contents were evaluated through a specific rubric.

A3 Authentic learning task “Your home/school water”:

The group authentic learning task “Your home/school water”, involved students in the definition of
analytical certificates, with assessment and critical considerations on the characteristics of their home
water. Each group defined a power point presentation, showing “identity cards” of the waters distributed
in different areas within the Reggio Emilia province, which was evaluated through a specific rubric and
submitted to and discussed with experts from the Iren analytical laboratory. A comparison was made
with Iren’s analytical results: this allowed students to understand management processes and technical
details on the supplied water.

A4 Water Blind Tasting: the tasting activity results, collected through polls and questionnaires, helped
to raise students’ awareness on how consumption choices are often influenced by false beliefs and/or
advertisement campaigns. They were highly surprised by the comparability, in terms of taste, quality and
lightness, of tap water with bottled waters, much more expensive and advertised on the media, which
were presented in the session. Participants were really interested in the experience, wondering about
the sustainability of their drinking habits and questioning the validity of their beliefs.

A5 History research on local water systems and uses: the project is important to raise awareness on
the impact of technological progress on health and hygiene improvements brought by the advent of
drinking and wastewater treatment processes. The students acquired as well knowledge on local history
and they realized the importance of availability of safe water in everyday life. Furthermore, the research
on ancient maps and historic sources made them aware of the need to preserve the remains and
memories of the past.

In summary, all five activities were successful in terms of student engagement with the socioscientific
issue. Examples of successful interactions between students and society are the four blind tasting
sessions where other students and families were actively involved and interested in providing their
contribution.



MUL*IPLIERS

Phase 1 - Identification and Exploration of socio-scientific issues (SSIs) of relevance to the
local community

A major issue encountered related to the construction of an interactive OSC was to efficiently combine
the annual school planning and evaluation steps with MULTIPLIERS deadlines and to rely on a stable
team of teachers and students. Fortunately, the teachers involved in the project are highly motivated and
flexible and help us dealing with this issue.

Another difficulty encountered in the recruitment of potential OSC members, caused by the lack of a set
plan with dates and activities. These characteristics are counterproductive in a project intended to be co-
developed over time by the participants.

Another pitfall which we noticed was an excess of bureaucratic procedures required to the school,
adding up to the project formal requirements.

1.17.3 Phase 2 - Engagement in the Open-school science learning project (OSS)

Sometimes, there were problems in planning and engaging the school in extracurricular activities. This
was due to unexpected events often occurred, which is inevitable in the dynamic context that schools
tend to present. The planning efforts suffered, due to constant changes which had to be facilitated and
adjusted for. Furthermore, teachers’ involvement required extra time and work, also devoted to fill in
documents and modules, always made on a voluntary basis. While this may be impossible to avoid in
school contexts, it is worth to consider how these difficulties can be counteracted.

The students could be involved in a better way in autonomous research of information and sources.

The involvement of OSC members in building instruction around the SSI was improved by the following
actions:
to give the experts a more central role in all the activities,
to interact with students to define roles in the actor groups to increase students’ opportunities for
contact with different role-models and to give possibilities to engage in a discussion and to provide
starting points for students’ research. This was done in the project 2.0, anticipating on-site visits
and meeting with experts.

The teaching activity with focus on learning and students’ engagement can be improved through the
following actions:

Implement the teaching activities with more flexible deadlines
increase interaction with experts and opportunities to learn from them
to facilitate coordination, defining roles and responsibilities and complying with traditional curricula.

to consider what types of support different students groups need from the teacher to engage
scientifically in the theme, assigning more specific targets to single students and workgroups.
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