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MUL*IPLIERS
1 Executive Summary

This Deliverable (D5.3), presents a comprehensive comparative report on the MULTIPLIERS
project's open schooling activities, encompassing the experiences gained throughout the work
packages WP3-5.
Building upon the initial comparative report on the first set of open schooling activities (D4.3; WPs
3 & 4 = first implementation round) and the country reports from Task 5.3 (WP5 = second and
third implementation rounds), this final comparative analysis validates the overall MULTIPLIERS
implementation approach. Each partner's descriptions (country reports) are included in the
Appendix.
D5.3 specifically addresses the project's objectives of increasing student interest, science career
awareness, and self-efficacy, as well as enhancing critical thinking and argumentation skills.
Key components of this report include:

e Evaluation of themes, approaches, and outreach activities across all partner countries

e Analysis of differences between countries and social contexts
This comprehensive overview illustrates the diverse ways in which open schooling approaches
can be implemented, showcasing the full range of strategies utilized throughout the project.
The MULTIPLIERS project has successfully identified effective open-schooling methodologies to
enhance science education. The project highlighted strategies such as hands-on learning,
authentic contexts, expert involvement, student autonomy, collaboration, interdisciplinary
approaches, and creative activities. These methods fostered student interest, self-efficacy, career
awareness, critical thinking, and argumentation.
The report lays the groundwork for developing robust guidelines and recommendations for future
open schooling initiatives across Europe and beyond: The forthcoming 'MULTIPLIERS
Whitebook' will offer practical advice and best practices to help educators and policymakers
implement these successful methodologies in future initiatives.
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2 Introduction

The MULTIPLIERS project seeks to initiate a process that transitions schools into innovative and
open hubs for new ideas, practices, and scientific approaches. This will be accomplished by
forming multiplayers’ partnerships, referred to as Open Science Communities (OSCs), which
include various stakeholders such as schools, families, civil society organizations, informal
education providers, policymakers, media, industry, and a wide array of science institutions
across six diverse EU countries (Germany, Cyprus, Spain, Slovenia, Sweden, and Italy). These
OSCs collaboratively identify socio-scientific issues (SSIs) to address and develop real-life
projects to implement in schools, incorporating interaction with science professionals, inquiry-
based learning, and experiences in authentic settings and workplaces. By integrating such open-
school learning projects into science education, we aim to enhance students’ interest in science,
boost their self-efficacy in learning science, and increase their awareness of science careers.
Through engaging with societal challenges and SSls and practicing argumentation and decision-
making, we also aim to promote the development of analytical and critical thinking skills.

An important component of our project's Teaching-Learning Sequences (TLSs) is that the
students become “multipliers”: After the engagement in the open-school science learning project,
students share their experiences and insights with their families, peers, and the local community.
To accomplish this, they create their own chosen communication formats.

In this report, we summarize our experiences gained during all TLSs implementations conducted
in the MULTIPLIERS project. We also consider differences between countries and social
contexts, thereby increasing the probability and feasibility for further international use and
development of the proposed activities.

Each partner has implemented at least three TLSs between April 2022 and April 2024. The first
implementation took place as part of the project's Work Package 3 (“Implementation of
prototypical open-school science learning projects with students”) and Work Package 4
(“Students acting as knowledge multipliers towards families and local communities”). The second
and third implementations were organized as part of Work Package 5 (“Expanding open-
schooling activities in terms of themes addressed and stakeholders involved”).

The execution and evaluation of the first implementation were already presented in the
comparative report D4.4, which is based on the country reports in D3.1 (Work Package 3) and
D4.2 (Work Package 4). For the second and third implementations as part of Work Package 5,
all partners have now also created country reports (Task 5.3). These country reports are included
here in the Appendix.

The present report D5.3, which summarizes all experiences from project activities with students
and science professionals as well as the multiplying events, serves as the basis for our Whitebook
(D6.2), in which we will compile our recommendations for implementing the MULTIPLIERS Open
Schooling approach.
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3 MULTIPLIERS Objectives and Approach

MULTIPLIERS main objective is to expand opportunities for science learning by fostering
cooperation through learning partnerships and the establishment of Open Science Communities
(OSCs).

Two specific objectives (SO) that can be found in the Grant Agreement (GA) were used to guide
the development of the Teaching Learning Sequences (TLSs):

One SO is to increase students’ interest in science, self-efficacy for learning science, and their
science career awareness by integrating real-life, open-school science learning projects with
science professionals and media experts — including authentic settings and workplaces — into
science education.

The other SO 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
TLSs focusing on issues related to societal challenges and SSis, inquiry learning, argumentation,
collaboration, communication, and decision making.

These two SOs have been in focus during the development and implementation of TLSs and
evaluated using quantitative and qualitative methods. The data collection methods consist of a
validated questionnaire and semi-structured interviews with the participants (i.e., students,
teachers, families, and OSC members) to reflect on the MULTIPLIERS experience at the end of
each implementation round (for more information see chapter 4: Evaluation methodology).

Based on the review of existing good practices in Open Schooling and the identification of current
needs in the partner countries (WP 2, Deliverable D2.1), the consortium has developed an
operational framework for implementing MULTIPLIERS activities and developing a TLS.
Deliverable D2.2 (“MULTIPLIERS Common Approach”) outlines this project’'s framework and
approach. It is structured in three phases (Fig. 1) and includes key concepts deriving from the
operational definition of ‘open schooling’ (D2.1) and the SOs stated in the GA:

 Phase 1. Identification and exploration of socio-
scientific issues (SSlIs) of relevance to the local

community
Phase 3: Knowledge multipliers OSC members jointly identify and explore SSis that are
Phics 2 Engasamunie relevant to the local community. The instruction is built
0SS projects around SSIs to provide awareness of the issue(s),
develop students’ interest in science and relevant
hers 1 lduntitication & competences (e.g., argumentation), and organize the

Exploration of SSI

Open-school science learning project (OSS).

* Phase 2. Engagement in the Open-school science
learning project (OSS)
In this phase, the students engage in the OSS to
address the selected SSI, elaborate on the local
challenges to be addressed and collaborate with the
OSC members to co-create solutions and build
knowledge based on sustained inquiry. The students
are actively engaged in authentic activities and scientific
practices through interactions with experts. More
Figure 1: MULTIPLIERS common approach  specifically, they get to know different perspectives,
become involved in decision-making processes and use
evidence for their argumentation.
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* Phase 3. Students acting as multipliers

In the last phase, students act as multipliers sharing their knowledge and communicate science
to the wider public through open schooling events (e.g., science fairs, poster exhibitions,
community debates; see table below).

For each phase, design principles, possible scaffolds to facilitate implementation, and
corresponding impact indicators that measure impact related to the key concepts are described
in D2.2.

It is important to note that the structure of this framework is not strictly sequential and that a
circular process (i.e., iterative cycles) can occur within the phases. Hence, the duration of the TLS
can last various weeks depending on the OSS project and the flexibility of the stakeholders
involved.

For phase 3, a list of possible multiplying events has been proposed in D2.2 (p. 18):

Community debates Students develop a discussion with the community members about
the SSI presenting evidence, data which support their argument
and/or refute the opposing argument to raise awareness about the

SSI.

School science fairs Students present the outcomes of their OSS project in the form of a
report, poster, model they created, etc.

Public discussions Students develop focus group discussions with small groups of

community members to discuss about the SSI using role-playing and
providing the participants with role cards describing basic viewpoints
of the characters to be played.

Public consultations Students involve the community members in providing their views
and feedback on a proposal regarding the SSI.

Pop-up events in Students organize unexpected and temporary events in public

public spaces spaces related to the SSI.

Broadcasting Students share audio or video content related to the SSI to the
community through radio, TV programs, YouTube channels, etc.

Exhibitions Students develop a small public exhibition (e.g., in a local museum

or botanical garden) to present the results of their OSS project.
Additional events with science experts can be organized, such as
talks or discussion fora in this context.

Gamification Students develop and engage the community members in games
contextualized around the SSI to raise public awareness.

The journalist method | Students create and share their own articles on the SSI to raise
public awareness.
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4 Evaluation Method

A common evaluation approach for the MULTIPLIERS project has been elaborated and is
presented in D2.2 (‘MULTIPLIERS Common Approach’). A set of common research questions
were formulated to evaluate the effectiveness of the educational actions on students’ interest in
science, self-efficacy, and career awareness, as well as their argumentation and critical thinking
skills.

The table below shows the main research questions to be addressed and the agreed research
methods and instruments for data collection (D2.2, p. 19).

Do educational actions based on the open schooling framework influence | MultiCO questionnaire
students' interest in science? Interviews with the

Do educational actions based on the open schooling framework influence | participants (optional)
students' self-efficacy in science?

Do educational actions based on the open schooling framework influence
students' career awareness?

Do educational actions based on the open schooling framework enhance | Interviews/focus group
participants’ critical thinking skills? discussions with the

Do educational actions based on the open schooling framework enhance | participants, observations
participants’ argumentation skills?

In the MULTIPLIERS project, we used a mixed methods approach, combining quantitative and
gualitative data collection methods. These methods included an adapted version of the MultiCO
guestionnaire (Hense & Scheersoi, 2018; Kang et al., 2023) and semi-structured interviews with
the participants (i.e., students, families, and community members) using a common protocol to
reflect on the MULTIPLIERS experience at the end of each implementation round. Additional
observations during the implementation of the TLS were also used by some partners, especially
to address research questions in relation to argumentation and critical thinking.

During the first implementation of our TLSs (in WP3 and WP4), quantitative data has been
collected and carefully analysed by our partner UAB. Data from pre- and post-questionnaires
have been compared, and the results are fully described in Report D4.4 (‘Comparative report on
the first set of open schooling activities’). They have been taken into account during the
development of the TLSs during the second and third implementations in WP5, e. g. putting a
stronger focus on the students’ career awareness.

During the second and third implementations (in WP5), a focus of evaluation has been set on
gualitative data collection and analysis to provide a detailed understanding of the context,
experiences, and interactions during the TLSs, and to grasp the underlying reasons, motivations,
and feelings. In the MULTIPLIERS project, participant perspectives and voices are critical, and
gualitative methods allowed for a personal and in-depth understanding of individual experiences,
needs, preferences, and behaviours of the target groups. During our interviews and observations,
we made sure to guarantee a respectful and ethical approach, allowing for empathetic and
supportive data collection.

Also, during WP5, quantitative data has been collected on science interest, self-efficacy, and on
career awareness. They were carefully analysed by our partner UL. No statistically significant
differences were found between pre- and post-test scores, except for higher post-test scores
observed for UCY. More details of the analysis and results can be found in Appendix C.



MUL*IPLIERS
5 MULTIPLIERS open schooling projects (TLS)

Throughout the project and the three different implementation rounds in each country, various
open schooling projects (= Teaching Learning Sequences, TLS) were conducted. Table 1 (p. 13)
provides an overview of the TLSs carried out in implementation round 1 (WP 3 and WP4). Table
2 and Table 3 (pp. 14-16) provide an overview of the two TLSs carried out in implementation
round 2 and 3 (WP5). The tables include information on the themes (SSIs), the students involved
(age, number of students participating), characteristics of the Open school science learning
projects (OSSs) (duration, sites, OSC members involved in planning and carrying out the OSSs),
and the multiplying activities (including their target groups).

In this chapter, the different themes and approaches in the partner countries are illustrated and
described, showcasing the full range of strategies utilized during the MULTIPLIERS project. The
text is organized according to the three TLS phases:

1. Identification and exploration of socio-scientific issues (SSIs) relevant to the local community
2. Engagement in the open-school science learning project (OSS)

3. Students acting as multipliers

5.1 Identification and exploration of socio-scientific issues (SSls)

5.1.1 SSis related to environmental, health, and sustainability themes

While some SSis had already been identified from the very beginning of the project, others were
chosen as part of WP4 (Task 4.5) and during WP5. All SSIs have been further discussed and
explored with the OSC members in the different partner countries during the project. Some
themes have been selected and explored by several consortium partners (e.g., forest use vs.
forest protection by UMU, UL and UBO; and antimicrobial resistance (AMR) by UCY and UAB).
Materials were shared and adapted to meet the individual partners’ specific needs.

The whole list and description of the themes are provided below:

Vaccination.

Vaccination represents a pivotal socio-scientific issue, particularly in the context of
global health and pandemic preparedness. The challenge revolves around ensuring
widespread access to vaccines while addressing public concerns about safety and
efficacy. With the emergence of new infectious diseases and the resurgence of
preventable illnesses, vaccination programs are crucial in protecting public health.
However, vaccine hesitancy and misinformation pose significant barriers. This
theme explores the balance between individual choice and community health
benefits, emphasizing the importance of informed decision-making and scientific
literacy. By examining the complexities surrounding vaccination, students engage
in critical discussions about public health strategies, ethical considerations, and the
role of science in society.

Antimicrobial-resistance.

Antimicrobial resistance (AMR) presents a critical socio-scientific issue, threatening
the effectiveness of antibiotics and other antimicrobial agents. The misuse and
overuse of these drugs in healthcare and agriculture accelerate the evolution of
resistant strains, undermining efforts to treat common infections. This theme
highlights the urgent need for global cooperation to develop new treatments,
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implement stewardship programs, and educate the public about responsible
antibiotic use. Students explore the intersection of science, policy, and ethics in
combating AMR, fostering an understanding of how scientific innovation and
behavioural change are essential in addressing this global health crisis.

Air pollution.

Air pollution is a pervasive socio-scientific issue with significant health and
environmental impacts. Rapid industrialization, urbanization, and increased vehicle
emissions contribute to deteriorating air quality, affecting millions worldwide. This
theme examines the sources and consequences of air pollution, including
respiratory ilinesses, climate change, and ecosystem damage. Students investigate
measures to mitigate air pollution, such as adopting cleaner technologies,
implementing stricter regulations, and promoting public awareness. By engaging
with this topic, students develop critical thinking skills and a deeper understanding
of the interconnectedness of human activities and environmental health, highlighting
the need for sustainable solutions.

Biodiversity and ecosystem services.

Biodiversity and ecosystem services are fundamental to the health and resilience of
our planet. The loss of biodiversity due to human activities such as deforestation,
pollution, and climate change disrupts ecosystem functions that provide essential
services like pollination, water purification, and climate regulation. This theme
addresses the socio-scientific dilemma of balancing human development with the
conservation of natural habitats. Students explore the value of biodiversity, the
threats it faces, and strategies for sustainable management. Through this inquiry,
they gain insights into the complex relationships between ecosystems and human
well-being, emphasizing the necessity of preserving biodiversity for future
generations.

Clean water and sanitation.

Access to clean water and sanitation is a critical socio-scientific issue that affects
public health, economic development, and environmental sustainability. In many
regions, water scarcity, pollution, and inadequate infrastructure hinder access to
safe drinking water and proper sanitation. This theme explores the challenges and
solutions related to ensuring universal access to clean water and sanitation.
Students examine the impact of waterborne diseases, the role of water management
practices, and innovative technologies for water purification and conservation. By
addressing this issue, students learn about the importance of integrated water
resource management and the role of science and policy in achieving global water
security.

Biodiversity and Agriculture.

With a growing world population, the question of how sufficient access to healthy
food can be guaranteed for all people becomes increasingly urgent. At the same
time, scaling up food production has come at the cost of environmentally harmful
practices that accelerate biodiversity loss through e. g., habitat loss and
fragmentation, erosion, or chemical run-off that pollutes nature. To illustrate the
dilemma, agriculture is used as an example to show the oftentimes conflicting aims
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of — on the one hand — using land capacities for producing food, and — on the other
hand — using land capacities for conserving biodiversity.

Forest use vs. Forest protection.

This theme addresses the complex balance between human needs and ecological
preservation. As global demands escalate, forests face dual pressures: resource
extraction for societal needs and conservation to maintain biodiversity and
ecosystem stability. This socio-scientific dilemma mirrors broader environmental
challenges, highlighting the urgent need for sustainable practices. By exploring this
theme, students confront pressing questions about reconciling economic
development with environmental conservation. This inquiry fosters critical thinking
and informed decision-making, emphasizing the imperative of holistic approaches
to ensure the long-term health of forests and ecosystems amid growing human
demands.

5.1.2 Stakeholders involved

The OSCs (Open Science Communities) involve a diverse group of stakeholders, including
schools, science and research institutions, community and civil society organizations, industry
partners, and media representatives. In Phase 1, during the planning of the TLS and the
elaboration of the SSlIs, OSC partners have been involved from the very beginning. They
supported the planning process with their different roles and expertise. In this way, the respective
needs, strengths, and weaknesses could be taken into account, ensuring a permanently
functioning and profitable collaboration.

During the planning of the TLS, schools played a central role, with teachers—and sometimes
students (e.g., with partner IREN)—actively participating in the process. Involving teachers in the
planning ensured that the TLS were coherent with the steering documents and curricula in each
country. Students, at least indirectly involved by using data from the interview study conducted
beforehand, could highlight their needs and interests as well as the themes’ relevance to their
everyday lives. Science experts from research institutions, non-governmental organizations, and
industry helped to identify possible science activities to perform within the selected themes and
participated in co-designing the activities. Including media experts from the very beginning was
beneficial for the project's documentation and dissemination (e.g., a journalist with partner UL),
and to work on media literacy and develop critical thinking among students (e.g., a journalist with
partner UMU). They also advised on finding the right opportunities for sharing the knowledge
gained during the multiplying phase (Phase 3). Informal learning providers assisted in finding
suitable locations (e.g., science centers) for either the OSS (Phase 2) or the multiplying activities.
Whenever possible, policy-makers should be involved early on to follow the development of the
TLS and evaluate the significance of the project’'s approach to science education. However, this
was rarely achieved during this project.

It became clear that not all OSC members could always be involved in the planning of the TLS in
the same way. Additionally, the consortium partners’ input and assistance varied significantly.
Often, they organized the meetings, assisted with the methodological and pedagogical planning,
and ensured the progress of the planning. However, the input from consortium partners
decreased over the course of the project, prompting schools to independently plan additional TLS
sessions with OSC members.
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5.1.3 Working methods and procedures

In most cases, the identification and exploration of an SSI began with the participation of all OSC
partners. Once a specific SSI was chosen, a tentative timetable and potential activities were
planned to align with the curriculum. The target student group was either predetermined (e.g.,
eight-graders aged 14-15 at UBO with forest studies in their curriculum; or at UCY, with AMR in
the curriculum at Year 8 or Year 9) or selected based on the activities available from OSC
members and science experts. The subsequent planning phase often took place in smaller
groups, teachers working together with the relevant experts. In most cases, other OSC partners
(e.g., from the media) were involved at a later stage. Regular updates have to be provided to the
whole planning team and stakeholders involved to keep everybody informed.

Various communication tools were employed to ensure effective coordination and collaboration
among stakeholders. Initially, emails and phone calls served as primary methods for contact and
ongoing communication. Online meetings via platforms such as Zoom and Microsoft Teams
facilitated regular updates and coordination, especially when in-person meetings were impractical
due to time or location constraints. However, face-to-face meetings were prioritized whenever
feasible to strengthen relationships and enhance understanding of project objectives. For
continuous communication and collaborative efforts, some partners extensively utilized
collaboration platforms, including shared documents and messaging apps like Viber. Others
preferred traditional methods such as email or mailing lists.

Meeting locations varied based on project requirements, stage, and available space. On-site
venues such as schools, research institutions, and community centers were chosen for in-person
meetings. Virtual platforms like Zoom and Microsoft Teams facilitated remote or hybrid meetings,
ensuring comprehensive stakeholder involvement regardless of their physical location.
Conducting preliminary excursions to out-of-school locations allowed partners to familiarize
themselves with specific settings and anticipate challenges like laboratory security, industrial
environments, or farm conditions. This approach facilitated more precise and targeted planning,
particularly beneficial for locations seldom visited by school groups, such as Marteloscopes used
for forestry professional training or Campus Wiesengut—a university teaching and experimental
farm. Despite these efforts, some partners encountered challenges in securing adequately
spacious rooms for accommodating all students at the science experts’ premises.

5.1.4 Challenges in the planning phase and possible solutions

Several challenges were encountered during the TLS planning process, including communication
barriers, role clarity and task allocation issues, resource constraints, and engagement and
motivation problems.

Common communication barriers included slow response rates and difficulties in finding mutually
convenient meeting times. It was sometimes difficult to reconcile the different rhythms, nature and
agendas of research centers and schools.

Ensuring that all stakeholders understood their roles and responsibilities was crucial to avoid
delays and misunderstandings. Additionally, limited availability of funds (e.g., for school groups
to travel) and institutional support sometimes hindered participation and commitment.

To maintain high levels of engagement, it was important to ensure that stakeholders saw clear
benefits from their participation. Regular updates, clear communication, and highlighting the
relevance and impact of the projects helped address these challenges and keep stakeholders
motivated and involved.
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Table 1: Overview of open schooling projects carried out in implementation round 1 (WP 3 and WP4).

Theme Partner Students’ | No. of Duration Sites OSC members Multiplying Target group of the
(Country) | age students | (Lessons) involved in OSS | activity Multiplying activity
Teachers, Podcast and Students, teachers,
Schooal, researchers . )
13-14 . ) g making-of film, researchers,
20 > 6h recording (biomedicine), : .
years old . : presentation at medical students,
studio medical students, . . .
- OSC meeting ethicists, media
Vaccination UBO ethicists
(Germany) Schooaol, Teachers, Younger students,
16-17 university researchers Series of lessons | teachers, media,
25 > 6h lecture hall, (biomedicine), (incl. explanatory | researchers
years old . ) :
laboratories, medical students, video)
ethics institute | ethicists
Teachers (Science,
School ICT, Greek, Art, Public (adults and
o . : ' English, Drama), . . kids), parents,
Antimicrobial biobank.cy Science fair and
: Ucy 13-14 . researchers, . teachers, Industry
resistance 96 >10h (science . awareness-raising .
(Cyprus) years old experts with a . representatives,
(AMR) research . campaign ; :
SRR biology-related biologists, doctors,
institutions) ) . .
background, microbiologists
cartoonist, parents
Teachers,
researchers, rSE;t:g:rnCtﬁ,e:(:achers,
Qﬁ, Air pollution UAB 13-15 240 >10h School teaching support Science fair media, teaching
oWo (Spain) years old and resources SupDOrt and
provider, policy- bp .
resources provider
makers
Teachers (Primary
and Secondary
Biodiversity Teachers, SRCehsoe?rcher
and UL 6-18 Online, school | researchers, . . oo
. 70 1-5h . - L Science fair Journalist, Informal
ecosystem (Slovenia) | years old and outdoor journalist, informal : .
: ) ; education provider,
services education provider

parents, local
community
members
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Forest use Teachers,
vs. Forest umMu 15-17 50 >10h School researchers, Public consultation | Family members,
' . (Sweden) | years old teacher educators, | event acquaintances
protection . )
journalist
e Students, families,
Water IREN 17-18 SC.hOOI’ Teachers, water Exhibition and_ . local community
(@Y | sanitation (Italy) earsold | 42 >10h science lab, technicians WOrkshopsitraining | (eors and older
: Yy y water plant courses P
people)
Table 2: Overview of open schooling projects carried out in implementation round 2 (WP 5).
Theme Partner Students’ | No. of Duration Sites OSC members Multiplying Target group of the
(Country) | age students | (Lessons) involved in OSS activity Multiplying activity
Campus
- : Wiesengut . Other students and
Biodiversity UBO 8-10 (ecological Teachers,_r(_asearcher Potato tasting families of the
and (Germany) | years old 92 >10h farm & and technician from at an open fimary school
Agriculture |y Campus Wiesengut school day P y
research students
institute)
General public,
. students, families,
Science teachers, 7 )
- . . policymakers,
Antimicrobial science experts from Awareness-
. ucy 13-14 . . . . doctors, nurses,
resistance 94 >10h University the Medical School of | raising :
(Cyprus) years old . . : industry
(AMR) the University of campaign :
o representatives,
Nicosia ;
community actors,
academics, teachers
Teachers, students, ir:]grsl,r(])?ult(ijo?ss Other students,
Air pollution UAB 10-12 50 2N NA Epidemiology scientist, with families of the
P (Spain) years old science education primary school

researchers

schoolmates
and families

students
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Online report,

Secondary school

Biodiversity Nature Teacher. researchers poster, comic | teachers and
and UL 15-18 . ' . ' | strip, video, students, researcher,
. 31 >10h reserve informal education - ) .
ecosystem (Slovenia) | years old . writing a informal education
: (outdoors) provider )
services research provider, parents,
paper local community
School, Teachers, researchers,
Science science center staff, _—
. Exhibition,
Forest use center, representative from the X
vs. Forest UMU 12-13 75 8h University forest industry presenting Researchers,
protection (Sweden) | years old RISE volunteers from an %rroducts toa | students, families
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5.2 Engagement in Open-school science (OSS) learning projects

Phase 2 of the MULTIPLIERS TLSs (Engagement in the Open-school science learning project
(0SS)) focused on actively involving students in authentic scientific activities and practices.
During this phase, students addressed the selected SSls, elaborated on local challenges, and
collaborated with OSC members to co-create solutions and build knowledge through sustained
inquiry. The students engaged with (science) experts, explored different perspectives,
participated in decision-making processes, and used evidence to support their arguments. The
following sections provide a comparative description of the diverse OSSs developed and
implemented by the project partners, highlighting the various approaches and insights gained
from these experiences.

5.2.1 Learning environments

All six partners utilised diverse environments to enhance educational experiences.

Locations Visited: The OSSs involved visits to a variety of locations, each linked to specific
themes and providing unique learning opportunities. For instance, students from partner UBO
visited the University’s farm and research institution, where they learned about agriculture and
biodiversity issues. Further, project activities in implementation round 2 took place in the students’
school, at a university lecture hall, in bio-medicine laboratories, and at the Center for Life Ethics,
a research institution at the University of Bonn. In the last implementation round, partner UBO
students visited a marteloscope in a local forest. Partner UMU carried out activities in school,
organized visits to the science center ‘Exploratoriet’, the research center ‘RISE’, and local forests,
where students engaged with forest-related aspects. Moreover, students participated in a pop-up
public consultation event at a local grocery store. Partner IREN’s students visited a water supply
system reservoir, a sewage treatment plant, a water and wastewater lab, a barrel vault section of
a water channel, and water museum, learning about water management and quality. Partner UL
took students to local forests and a marteloscope site to work on forest and their biodiversity, and
to nature reserves to study biodiversity, particularly bird species. Partner UAB’s students explored
air pollution sources in their city and at their school. Partner UCY’s students visited a university
campus, a molecular medicine research center, a food lab, and a research and innovation center
focusing on technology to engage with experts on antimicrobial resistance (AMR).

On-Site Activities: The on-site activities were diverse and hands-on. At the farm, students toured
grain silos, visited cows in the pasture land, harvested potatoes, identified weeds, and collected
insects with the help of experts. At the university, students heard a lecture by science experts and
participated in a fishbowl discussion which was implemented by a young researcher. In the
forests, students used specialized software to collect data on tree characteristics and
microhabitats. In the science center, students participated in a competition to invent sustainable
products. At the water reservoir and in the laboratories, students analyzed different types of water
and learned about sustainable water management. In nature reserves, forests, and
marteloscopes, students observed biodiversity e.g., birds with binoculars, and conducted
biodiversity identification activities. In their school, students designed and carried out experiments
to measure air pollution, engaged with different experts, and participated in ethical discussions
and roleplays. At the university campus, students participated in hands-on microbiology lab
activities and role-played consultations and debates.

Working in specific environments, from local ecosystems to urban areas and university
campuses, effectively enhances student engagement and understanding. Each setting provided
unique and authentic educational opportunities, highlighting the importance of real-world
environments in fostering students’ interest and learning. Hands-on learning provided students
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with practical, experiential learning opportunities that enhanced their understanding of scientific
concepts. By engaging in activities like harvesting, experimenting, and prototyping, students were
able to apply theoretical knowledge in real-world contexts, making learning more meaningful and
impactful. Our experiences show that diverse settings can be utilized to teach various aspects of
science, from environmental sustainability to health sciences.

5.2.2 Working with experts

Collaboration with experts was a cornerstone of the OSSs, providing students with access to
specialized knowledge and real-world insights. The TLSs integrated experts from multiple
disciplines, providing students with a holistic learning experience.

Types of experts involved: The OSSs involved collaboration with a wide range of experts. Partner
UBO engaged researchers in biomedicine, medical students, and ethicists (implementation round
1), researchers, technical staff, and university students in agricultural sciences (implementation
round 2), and forest experts from EFI and a local forestry organization (implementation round 3).
Partner UMU worked with stakeholders from forest industries, biologists, RISE researchers,
journalists, and members of an inventor association. Partner IREN involved water utility experts
like technicians and Eduiren educational department experts. Partner UL collaborated with faculty
members from the Faculty of Education and nature reserve experts with expertise about forest
ecology and bird biodiversity. Partner UAB included scientists working on air pollution
(implementation rounds 1 and 2) and anti-microbial resistance (implementation round 3) in their
activities. Partner UCY’s students interacted with microbiologists, food safety experts, and
scientists from different research centers, as well as policy-makers, industry stakeholders, and
media representatives.

Experts with _different ages and career stages: Experts of various ages and career stages
participated in the OSSs, providing students with diverse role models and perspectives. Young
researchers, mid-career professionals, and seasoned experts all contributed, offering insights
from different points in their careers. This diversity helped students understand the progression
of a career in science and the various paths one can take, including women working in different
science careers.

Integration of experts from multiple disciplines: The TLSs integrated multiple disciplines to provide
a holistic learning experience. Partner UBO'’s activities in implementation round 1 involved experts
with biomedical backgrounds and ethics background sharing their differing views on the same
topic. Partner UMU’s activities combined biology, environmental science, and technology. Forest
managers and also software developers who demonstrated the use of specialized software for
data collection on tree characteristics and microhabitats were involved. Partner IREN combined
science with history. Partner UAB’s air pollution TLS integrated science, health education, and
environmental studies. Partner UCY’s AMR TLS combined microbiology, public health, and
creative arts, by involving microbiologists explaining the science behind resistance as well as
healthcare professionals discussing its practical implications in patient care. As a result, holistic
interdisciplinary collaborations were carried out.

By integrating multiple disciplines and making cross-curricular connections, students were able
to see the interconnectedness of different fields and apply their knowledge in diverse contexts.

Expert Contributions: Experts played crucial roles in facilitating learning. They contributed to the
OSSs in various ways by e.g., providing lectures, guiding field trips, carrying out interactive
activities, assisting with experiments, and participating in discussions and debates.

Working with experts enriched the learning experiences by providing students with access to
specialized knowledge, scientific techniques and real-world applications. This collaboration not
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only enhanced the educational content but also inspired students by exposing them to potential
career paths and the practical relevance of their studies. Interdisciplinary approaches enriched
the teaching-learning sequences by providing students with a holistic understanding of complex
issues.

5.2.3 Inquiry learning

Inquiry-based learning was a fundamental approach in the OSSs, encouraging students to
engage in student-led scientific investigation and critical thinking.

Instances of Inquiry Learning: Inquiry learning was a central component of the OSSs. Partner
UBO'’s students conducted lab experiments like transfecting a plasmid through pipetting, and
conducting a gel electrophoresis. At Campus Wiesengut, students engaged in hands-on activities
like independently collecting insects using magnifying cups and identifying them with the help of
the experts. Partner IREN’s students conducted water quality tests and analyzed different types
of water by analyzing water hardness, pH-value, and nitrogenous compounds in wastewater
samples, using spectrophotometric methods. Partner UL’s activity manual 'With head to nature'
and the natural science backpacks provided students with resources (including technical
equipment such as binoculars and containers with professional laboratory tubes) and ideas to
independently explore biodiversity and ecosystem services, promoting self-directed inquiry and
investigation, including the use of identification keys to study bird species and biodiversity. Partner
UAB'’s students designed and conducted experiments to measure air pollution, identifying sources
and pollution levels. Depending on the age of the students, students independently developed
research questions, conducted experiments, and prepared results about air pollution in their
school environment, or focused on individual aspects of inquiry learning like making hypothesis
and conducting easier experiments. Moreover, students conducted experiments on antibiotic
resistance, including antibiotic sensitivity tests and simulations to understand bacterial growth.
Partner UCY’s students engaged in lab experiments to explore AMR, such as conducting
antibiogram analysis, observed bacterial culture, and bacterial transfer experiments, which
enhanced their inquiry-based learning.

Scaffolding inquiry learning: Scaffolding was a crucial component to support students through the
stages of inquiry learning. Experts and teachers provided guiding materials, tutorials, and
feedback sessions. For instance, during Partner IREN's water management activities, students
received detailed instructions on water analysis techniques and had opportunities to consult with
experts throughout the process. Similarly, experts involved in all partners’ lab experiences and
field experiments in the forests offered assistance and detailed support to guide students through
data collection or experiments. Partner UAB’s students received feedback from researchers or
policymakers during the research design and experimentation process. Partner UL's biodiversity
projects included structured activities like birdwatching with checklists and identification guides
provided by ornithologists in the activity manual. A video was created to introduce learners to the
booklet containing inquiry learning activities and how to work with it.

Use of technology: The integration of technology played a crucial role in inquiry learning,
enhancing data collection, analysis, and documentation. Various technological tools were utilized
in the OSSs. At Campus Wiesengut, students used cameras to document their activities. In the
local forests, Partner UBO’s and UL’s students used tablets with specialized Marteloscope
software to collect data on trees and microhabitats. Partner UCY’s students used various apps to
design components of their AMR board game. The use of technology and these tools not only
made the learning process more efficient but also helped students develop digital literacy skills,
which are essential in today’s technology-driven world.
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Inquiry learning proved to be an effective method for fostering the students’ interest and engaging
them in scientific learning and critical thinking. Students got insights in research processes and
conducted guided or self-directed investigations. By allowing students to lead their own
investigations and experiments, the OSSs fostered a deeper understanding of scientific concepts
and fostered self-efficacy and curiosity in their learning.

5.2.4 Critical thinking and argumentation

Critical thinking and argumentation were integral to the OSSs, helping students develop the ability
to analyze information, construct arguments, and engage in informed debates.

The OSSs emphasized the development of critical thinking skills, and reflective activities were
also integrated to encourage students to think critically about their learning. Argumentation and
debate were key components of the OSSs. Partner UBO’ students were involved in a fishbowl
discussion on HPV vaccination, and on a debate on compulsory Covid-19 vaccination. Engaging
in these debates, students took on different roles and build arguments through structured
argument preparation. Moreover, students had to find a common ground through dialogue in the
marteloscope activity by using argumentation, compared perspectives on forest use vs.
protection, discussing economic and ecological values. Parther UMU’s students engaged in a
roleplay debate representing various stakeholders in forest management, and critically analyzed
a newspaper article and engaged in discussions with a journalist, reflecting on different
perspectives and arguments. They were also engaged in decision-making concerning issues of
forest exploitation in a local context. Partner IREN’s students engaged in a debate where students
explored the quality aspects of tap water versus bottled water and discussed the environmental
impact of consumption habits by taking up different stakeholders’ perspectives, fostering skills in
constructing and presenting arguments. Partner UL’s activities from the activity manual and using
the natural science backpacks required students to think critically about biodiversity loss,
ecosystem services, and their impact on daily life and the environment. Partner UAB's students
engaged in activities that required them to compare their initial and final ideas about air pollution,
fostering a deeper understanding of the topic, reflecting on their learning process. Partner UCY's
students used the TAAP test to evaluate the credibility of information, enhancing their ability to
critically assess sources and arguments and reflected on their stakeholder perspectives on AMR.
Moreover, students were engaged in stakeholder group discussions and debates on antibiotic
use. These processes helped students understand the complexity of the issue and develop their
argumentation skills.

Critical thinking and argumentation activities equipped students with essential skills for analyzing
information, constructing well-founded arguments, and engaging in informed debates. Reflection
activities helped students develop critical thinking skills and assess their own learning. Through
the activities in the OSSs, these skills were trained and can make an important contribution for
addressing complex socio-scientific issues and making evidence-based decisions.

5.3 Students acting as Multipliers

In phase 3 of the MULTIPLIERS TLSs (Students Acting as Multipliers), students share their
knowledge and communicate science to their families and the wider public through open
schooling activities or events, such as science fairs, poster exhibitions, and community debates
(for a complete list, please refer to tables 1-3 above).

An important aspect of our open schooling approach is that students can decide for themselves
which target audience they want to address with their activities and which methods they want to
use. They are supported by their teachers, but especially by experts from our OSCs (scientists,
media experts, etc.).
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The following sections provide a comparative description of the diverse multiplying activities and
their implementation during the project.

5.3.1 Target groups

The target groups for the activities in Phase 3 varied widely, including the general public,
schoolmates, families, and the broader community. Family members and younger students at
schools were also targeted, ensuring a wide range of engagement across different age groups
and community segments. By tailoring activities to specific target groups, the students aimed to
disseminate their knowledge and raise awareness on different scientific topics.

5.3.2 Ways of reaching the target audience

The students chose various locations and venues for their activities, including public and easy
accessible spaces like libraries (in Italy and Sweden) and shopping malls (in Cyprus). These
locations provided opportunities to reach diverse audiences, including marginalized people,
engaging them in educational activities and increasing the impact and visibility of the students’
initiatives. Similarly, community events, such as fairs and excursion trips in Germany, Slovenia,
and Italy, were utilized to reach various target groups.

School premises were also selected for the multiplying activities, offering a familiar environment
for the students to share findings with peers and family members (UBO, UAB, UL). By combining
educational and professional settings, such as university campuses and research facilities, and
integrating indoor and outdoor settings, the students created diverse learning experiences and
provided additional context for their activities.

Methods such as email campaigns, workshops, and hands-on activities were used to spread
awareness and encourage active participation. Peer teaching was a significant aspect of the
multiplying activities: students acted as child reporters, sharing their findings with peers through
videos uploaded to YouTube. Additionally, upper secondary students taught lower secondary and
primary school students during regular school lessons or more informal school events.

5.3.3 Active participation of the target groups through interactive activities

Various methods were chosen by the students to actively engage different target groups. In
Cyprus, interactive elements such as quizzes, games, and interviews were used to make
information on antimicrobial resistance engaging for members of the local community during their
shopping visits at the Mall of Cyprus. Email campaigns and workshops were chosen by partner
UAB’s students to illustrate concepts like bacterial resistance, encouraging schoolmates and
families to participate actively. Tasting sessions, such as those involving different potato varieties
(UBO) or types of water (IREN), allowed participants to engage their senses and learn through
direct experience.

Students in different countries also used educational posters, continuous video screenings, and
multimedia presentations to visually engage the audience and provide continuous learning
opportunities. Outdoor activities, like guided forest tours and hands-on measurements of
environmental factors, allowed participants to explore and learn in natural settings in Germany
and Slovenia. Indoor exhibitions and presentations facilitated interactive discussions with a
diverse audience, including family members and university students, for example, in Barcelona.
Partner UL’s students also engaged younger students and their parents in hands-on learning
experiences and creative activities, such as dyeing textiles with natural dyes, making herbal
spreads, and learning about plant dispersal, thereby promoting a peer-learning environment and
mentorship.
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5.3.4 Students’ autonomy and support system involving various OSC members

Students were given significant autonomy in designing and executing their activities, with
guidance and support from teachers and experts. The support system included various
professionals who assisted in the planning and implementation of the activities. Chemists,
microbiologists, health professionals, foresters, and agricultural scientists provided their
expertise, enriching the content and ensuring the accuracy of the information shared.

Science communication experts facilitated workshops and mini-trainings, helping students learn
how to effectively disseminate scientific ideas to the public and to specific target groups. This
collaboration with professionals from various fields ensured that the students’ multiplying activities
were well-informed and impactful.
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6 Successful methodologies and approaches

6.1 Interest

The MULTIPLIERS project has identified several successful methodologies and approaches for
fostering students’ interest across its partner institutions. Partners employed diverse strategies to
effectively cultivate student interest in open schooling activities. Key findings reveal a consistent
emphasis on hands-on and inquiry-based learning in authentic and real-world contexts, expert
and community involvement, giving room for autonomy, taking over responsibility, and working in
groups, as well as interdisciplinary and creative approaches as pivotal in capturing student
interest.

Hands-on and Inquiry-based Learning: Across the various teaching-learning sequences (TLS),
partners consistently highlighted the effectiveness of hands-on and inquiry-based learning.
Engaging students in practical experiments, such as lab experiments on water and forest-based
materials, allowed them to apply theoretical knowledge to real-world scenarios. This approach
not only made learning more tangible but also sparked curiosity and sustained interest. Students
enjoyed the opportunity to conduct experiments, make predictions, and see the outcomes, which
deepened their understanding and engagement.

Authentic Contexts and Real-world Applications: Situating learning activities within authentic
and relevant contexts was a common strategy. By exploring local environments, such as forests
and agricultural sites, students could see the direct application of their learning. This approach
helped students make connections between classroom knowledge and real-life situations,
enhancing their appreciation for the subject matter. For instance, students who visited a science
center or professional labs were able to link their school knowledge to practical, real-life
applications, which fostered a deeper interest in science.

Expert Involvement and Community Engagement: Involving experts and the broader
community played a significant role in fostering student interest. Meeting researchers and
professionals in authentic settings provided students with new and sometimes exclusive insights
into real-world scientific work and inspired them to think critically about their own learning.
Community engagement, including interactions with families and local organizations, helped
disseminate knowledge and raised awareness about the project's goals, further motivating
students.

Student Autonomy and Responsibility: Giving students autonomy and responsibility in their
learning process was another common strategy to foster students’ interest. Partners reported that
allowing students to make choices, work in groups, and take charge of their projects increased
their motivation and engagement. This approach not only empowered students but also allowed
them to see the relevance of their learning to real-life situations.

Collaboration and Teamwork: Encouraging collaboration among students and with external
stakeholders was another successful approach to foster interest. Group activities and projects
allowed students to work together, share ideas, and support each other, which not only improved
their learning experience but also developed essential skills like communication and teamwork.
Students expressed enjoyment in working in groups and felt that it helped them become more
creative and engaged.

Interdisciplinary and Holistic Learning: Partners emphasized the importance of
interdisciplinary approaches and holistic learning experiences in fostering students’ interest. By
combining different subject areas, such as science, social studies, and arts, students gained a
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more comprehensive understanding of the topics. This approach helped them see the
interconnectedness of various disciplines and their relevance to addressing complex issues.
Furthermore, this approach offered various entry points for student interest to be sparked or
further develop, which aligns well with students having different prior interests.

Creative and Interactive Activities: Creative and interactive activities, such as designing new
products, writing rap songs, and conducting debates, were highlighted as effective in capturing
student interest. These activities allowed students to express themselves in unique ways and
made learning more enjoyable and engaging. Even students who were not initially interested in
science found these activities exciting and motivating. These methods catered to diverse learning
styles and helped sustain students’ interest throughout the projects.

Overall, the comparative analysis underscores the effectiveness of combining experiential
learning with autonomy, interdisciplinary approaches, and innovative teaching methods to foster
interest across different thematic areas.

6.2 Self-efficacy

The MULTIPLIERS project has identified several successful methodologies and approaches for
fostering self-efficacy among students across its partner institutions. These approaches focus on
empowering students to take on responsibilities, work autonomously, and engage in meaningful,
hands-on activities that enhance their confidence in science learning and decision-making.

Autonomy and Responsibility: A common strategy employed by partners is giving students
autonomy and responsibility in their learning processes. This includes tasks such as using
professional software for data collection, conducting experiments, and making decisions related
to the way of communicating their findings. Such activities not only build students' confidence in
handling complex tasks but also demonstrate their capability to contribute meaningfully to
scientific endeavors. Additionally, engaging in fictive scenarios where students act as decision-
makers in local governance fosters a sense of responsibility and efficacy in addressing community
issues.

Use of Authentic Materials: Partners emphasize the use of authentic materials and real-world
contexts to enhance student engagement and self-efficacy. For instance, tasks involving lab work
including data collection, the identification of plants or the invention of sustainable products
provide tangible outcomes that students can take pride in.

Peer and Public Presentations: Another effective strategy is involving students in presentations
to peers and the public. This includes preparing and delivering presentations on scientific topics
to younger students, their parents or experts. This experience not only enhances students'
communication skills but also reinforces their confidence in explaining complex concepts and
scientific findings in accessible terms.

Hands-On, Inquiry-Based Learning: Hands-on, inquiry-based learning approaches are
highlighted as particularly effective in fostering self-efficacy. Students engage in designing and
conducting open research projects, which require them to apply scientific methods and make
informed decisions based on evidence. This approach not only deepens their understanding of
scientific principles but also boosts their confidence in their ability to conduct independent
scientific inquiry.

Teacher Facilitation and Reflection: Teachers play a crucial role in facilitating these
experiences and reflecting on their impact. They observe students' growth in confidence and self-
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efficacy through various activities and adjust their teaching strategies accordingly. This reflective
practice ensures that self-efficacy development remains a central focus in educational planning
and implementation.

In conclusion, the MULTIPLIERS project demonstrates that fostering self-efficacy in science
learning requires a multifaceted approach that integrates autonomy, authentic learning
experiences, peer interactions, and inquiry-based methods. These strategies not only enhance
students' confidence in their abilities but also prepare them to actively participate in addressing
real-world challenges in their communities.

6.3 Career awareness

The MULTIPLIERS project has identified a variety of successful methodologies and approaches
for fostering career awareness among students. The common strategies employed by the
different partners emphasize the importance of direct interaction with professionals, experiential
learning, and exposure to real-world work environments. These approaches collectively enhance
students' understanding of various careers, particularly in the sciences, and help them explore
potential future pathways.

Direct Interaction with Experts: A key methodology across all partners is the direct interaction
between students and experts from various scientific fields. This interaction allows students to
gain insights into different career options and understand the day-to-day responsibilities and
challenges of various professions. By meeting professionals, students learn about the practical
aspects of jobs that are often not covered in textbooks. This firsthand experience helps demystify
career paths and makes them more tangible and relatable, especially also in relation to women
in science. Experts visiting schools bring a personal touch, showcasing their enthusiasm and
dedication, which can inspire students and provide role models they can identify with.

Experiential Learning and Work Environment Exposure: Another significant approach is
providing students with experiential learning opportunities through excursions and practical
activities. By visiting authentic work environments and engaging in tasks performed by
professionals, students gain a deeper understanding of what different careers entail. For instance,
acting as researchers, doctors, or laboratory technicians helps students immerse themselves in
the roles and understand the skills and knowledge required. Such activities not only make learning
more engaging but also help students visualize themselves in those careers, thus fostering career
awareness.

Structured Career Exploration Activities: Partners also implemented structured activities such
as debates, role-playing, and simulations to encourage students to think critically about various
careers. These activities often involve students taking on professional roles and making decisions
based on real-life scenarios. For example, students might read medical histories or inoculate
bacteria in a lab setting, which prompts discussions about the related professional roles and
responsibilities. Such immersive experiences help students explore career options in a hands-on
manner, making the exploration process both educational and impactful.

Insights from Experts and Personal Stories: Through interactions with professionals, students
are exposed to personal stories and career journeys that provide deeper insights into different
professions. Experts share their experiences, challenges, and motivations, which helps students
understand the diversity within career paths and the non-linear nature of professional growth.
Hearing about the personal and professional lives of scientists, for example, helps students see
the human side of these careers, making them more accessible and appealing, especially also
for female students
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Addressing Career Awareness at Different Ages: The methodologies are adapted to suit
different age groups. For younger students, the focus might be on sparking curiosity and providing
a broad overview of science careers. Older students, on the other hand, are given more detailed
insights and opportunities to engage deeply with professionals, which helps them make more
informed decisions about their future education and career paths. Teachers noted that older
students tend to ask more specific questions about careers and show greater interest in
understanding the practicalities of different job roles.

Sustained Interaction with Professionals: Sustained and repeated interactions with
professionals are highlighted as crucial for deepening career awareness. While one-time visits
and excursions are valuable, ongoing engagement with experts through a series of visits or a
structured program over several weeks provides students with continuous exposure and more
opportunities to explore different aspects of various careers. This approach ensures that career
exploration is an integral part of the educational experience rather than a sporadic activity.

In summary, the MULTIPLIERS project successfully implements a range of methodologies to
foster career awareness among students. By combining direct interaction with experts,
experiential learning, and structured career exploration activities, the project provides students
with a comprehensive understanding of various career paths, particularly in the sciences. These
strategies not only inform students about potential careers but also inspire and motivate them to
explore these paths further.

6.4 Critical thinking and argumentation

In the MULTIPLIERS project, various partners have implemented a range of methodologies and
approaches to foster critical thinking and argumentation among students. The common thread
across these diverse initiatives is the engagement of students with real-world problems, experts,
and authentic information, which collectively contribute to the development of these essential
skills.

Interaction with Experts: A recurring strategy involves allowing students to interact directly with
experts from various fields. This engagement exposes students to the decision-making processes
and critical thought inherent in professional practices. Such interactions help students appreciate
the complexity of real-world issues and enhance their ability to analyse and argue based on
multifaceted perspectives. For instance, students gain insights into the numerous considerations
a forester must make when managing a forest, or the diverse factors a biologist must evaluate in
a semi-natural reserve. This immersion into expert thinking encourages students to develop their
critical thinking skills by observing and questioning the rationale behind expert decisions.

Authentic Experiences and Decision-Making: Experiential learning through direct involvement
in decision-making scenarios has also proven effective. By participating in activities that simulate
real-life challenges, students learn to apply critical thinking in practical contexts. Whether it is
determining the number of plants needed in a specific area of a reserve or evaluating the impact
of different types of cattle on an ecosystem, these hands-on experiences require students to make
informed decisions and justify their choices. Such activities bridge the gap between theoretical
knowledge and practical application, fostering deeper understanding and enhanced
argumentation skills.

Engaging with Authentic Media: The use of authentic media and information evaluation tests
like the TAAP test serves as another critical methodology. This approach involves students
reading and critically analysing real articles, which helps them develop the ability to discern
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trustworthy information and formulate well-founded arguments. Through this process, students
practice filtering information and constructing arguments based on evidence, which is crucial for
critical thinking.

Debates and Public Consultations: Debate activities and public consultations offer platforms
for students to practice and refine their argumentation skills. These activities encourage students
to articulate their opinions, support them with evidence, and engage in constructive dialogue with
others. Such interactive formats provide students with the opportunity to defend their viewpoints
and consider alternative perspectives, thereby enhancing their critical thinking and argumentation
abilities. Teachers observed that these activities helped students build confidence and
competence in public speaking and debate, as they actively engaged with real-world issues and
learned to present their arguments coherently and persuasively.

Listening to Diverse Perspectives: Structured opportunities for listening to and considering
diverse perspectives are also instrumental. Pop-up events and similar activities allow students to
encounter and critically evaluate different viewpoints. This exposure helps them understand the
importance of considering multiple angles when forming arguments and making decisions. It also
cultivates an environment where critical examination of ideas is encouraged, further strengthening
their argumentation skills.

Overall, the successful methodologies and approaches identified by the MULTIPLIERS partners
highlight the importance of real-world engagement, expert interaction, authentic information
analysis, and structured debate in fostering critical thinking and argumentation among students.
These strategies collectively contribute to developing students' abilities to think critically, argue
effectively, and make informed decisions in various contexts.
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7 Conclusion

The MULTIPLIERS project has yielded valuable insights into the successful implementation of
open-schooling activities across diverse educational contexts. By examining the experiences of
different European partners, the project has identified key methodologies and approaches that
effectively foster student interest, self-efficacy, career awareness, argumentation, and critical
thinking. These findings demonstrate the potential of open-schooling to enhance science
education and engage students in meaningful learning experiences.

The project emphasized hands-on and inquiry-based learning, authentic contexts, expert
involvement, student autonomy, collaboration, interdisciplinary approaches, and creative
activities. These strategies made learning engaging and relevant, sparking curiosity and
sustaining student interest.

Effective approaches for increasing the students’ self-efficacy in learning science included giving
students autonomy and responsibility, using authentic materials, peer and public presentations,
inquiry-based learning, and teacher facilitation. These methods empowered students, built their
confidence in handling complex tasks, and demonstrated their capability to contribute
meaningfully to scientific endeavors.

Direct interactions with experts, experiential learning, and structured career exploration activities
were key strategies to foster career awareness. These approaches enhanced students'
understanding of various careers, particularly in the sciences, and helped them explore potential
future pathways. Sustained interactions with professionals provided continuous exposure and
deeper insights.

The project fostered critical thinking and argumentation skills through real-world engagement,
expert interaction, authentic information analysis, debates, and listening to diverse perspectives.
These strategies encouraged students to analyze complex issues, articulate well-founded
arguments, and make informed decisions.

The MULTIPLIERS project has utilized a mixed-methods approach, combining both qualitative
and quantitative methodologies to gain a comprehensive understanding of the effectiveness of
different open-schooling activities. The qualitative methods, including semi-structured interviews,
observations, and reflections, have been instrumental in capturing the depth and richness of the
participants' experiences. This approach has provided a nuanced understanding of how different
strategies impact student learning and engagement, highlighting the importance of qualitative
research in educational projects. On the other hand, quantitative methods have allowed for the
systematic measurement and analysis of changes in students' interest, self-efficacy, and career
awareness. The combination of these methodologies has provided a robust framework for
evaluating the impact of the MULTIPLIERS project.

In conclusion, the MULTIPLIERS project demonstrates that open-schooling can be a powerful
tool for engaging students in science education. By fostering interest, self-efficacy, career
awareness, argumentation, and critical thinking through hands-on, real-world learning
experiences, the project has set a foundation for future educational innovations. The insights
gained from this project will continue to inform and inspire efforts to create dynamic and inclusive
learning environments that prepare students for the challenges and opportunities of the future.
The forthcoming 'Whitebook of Open-Schooling' promises to be a valuable resource for continuing
these efforts and expanding the reach of open-schooling initiatives. This deliverable will offer
practical advice and best practices for educators and policymakers, ensuring that the successful
methodologies identified in this project can be effectively implemented in future open-schooling
initiatives.
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Appendix A: Partners’ take-home messages (based on WP5)

Successful approaches fostering interest, self-efficacy, and career awareness

uBO

Fostering students’ interest

Leave the classroom

Engage all of the students’ senses

Enable hands-on experiences

Include opportunities for free-choice decisions

Let students and experts work together

Use authentic materials

Link the themes/topics and activities to the students’ everyday lives

Offer new methodological approaches and adequate scaffolding to students

Fostering students’ self-efficacy in science learning

Allow the students to work autonomously while offering support when needed

Give students responsibility
Give students the opportunity to share their knowledge with others

Fostering students’ career-awareness

ucy

Let students and experts from different fields and career stages work together
Visit the experts’ work environments
Let students work in the way that experts work

Fostering students’ interest

Provide freedom to students to take initiative and be creative by choosing their
open schooling projects.

Design fun, interactive, and hands-on activities that promote students’ active
engagement with authentic materials (e.g., reading authentic articles and
debating) in authentic settings (e.g., lab activities).

Organise out-of-school activities and promote work with experts.

Provide scaffolding when necessary to facilitate learning (e.g., rubric for
formulating arguments, provide feedback, prepare the students for the visit).
Promote a balanced combination of activities that promote both group and
independent work to stretch high-ability students and push the lower-ability
students.

Provide opportunities for the students to share their knowledge through open
schooling events in the wider community.

Fostering students’ self-efficacy in science learning

Provide autonomy to students to take over their learning.

Design activities for the students to practice creativity, collaboration, critical
thinking skills (e.g., choosing open schooling projects and working with friends
towards completing and presenting the project).

Allocate students’ roles and responsibilities to prepare and implement open
schooling events.



Fostering students’ career-awareness

UAB

Provide more opportunities for face-to-face interaction with experts at their
premises or school by organising a series of events.

Provide activities for the students to collaborate with experts through engaging
activities (e.g., lab activities).

Provide the opportunity for the students to have informal conversations with the
experts.

Provide links between the toolkit activities (e.g., read authentic articles and meet
the authors).

Fostering students’ interest:

Choose relevant problems and challenges linked to students’ everyday lives.
Allow students to develop their own research questions (open-inquiry).

Enable model-based inquiry experiences where students’ build scientific
explanations that agree with their own data.

Put students in contact with different experts.

Use authentic laboratory materials and samples.

Use of gamification strategies

Acknowledge students’ role as multipliers of scientific content to their friends
and family.

Fostering students’ self-efficacy in science learning

Use of educational resources of didactical quality that start from students’ own
ideas.

Include the same starting and finishing activity to allow students’ to realise how
much they have learned (metacognition).

Offer scaffolding tools that allow students to work autonomously but in a guided
form.

Give students the opportunity to share their knowledge with others.

Use of analogical models to facilitate students’ learning opportunities.

Fostering students’ career-awareness

uMu

Make visible the role of different experts in each project (lab technician,
researcher, PhD student, science communicator, expert in education...)

Visit the experts’ working environments.

Involve students in the same scientific practices as experts are involved
(designing research questions, gathering data, analysing data, communicating
results) ...

Fostering students’ interest

Visit meaningful locations in their community
Involve parents, relatives, and friends to illustrate the importance of the topic



e Enable hands-on experiences, for example with authentic materials, such as
forest-based products
¢ Include opportunities to make decisions that are important for the community
e Methodological approaches involving experts and adequate scaffolding to
students
Fostering students’ self-efficacy in science learning
e Enable the students to produce something using their own creativity
e Encourage students to explain terms and concepts using their own vocabulary
and representations by inviting younger students as audience
e Allow the students to work autonomously while offering support when needed
¢ Give students the opportunity to share their knowledge with others
Fostering students’ career-awareness
o Visit the experts’ work environments
e Draw students’ attention to experts as “regular people” by allowing time for them
to meet and talk in less formal settings.
e Let students talk to or interview people in their surroundings about the theme to
build awareness about different professions related to the issue

IREN

Fostering students’ interest
e Leave the classroom
Perform analytical tests
Include opportunities for free-choice decisions
Let students and experts work together
Let students interact with other elder/younger students
Link the themes/topics and activities to the students’ everyday lives
Raise awareness on how their consumption choices have impact on the
environment

Fostering students’ self-efficacy in science learning

Allow the students to work autonomously while offering support when needed
Give students responsibility

Give students the opportunity to become experts

Give students the opportunity to share their knowledge with others

Fostering students’ career-awareness
e Let students and experts work together
o Visit the experts’ work environments
e Let students work in the way that experts work

UL

Fostering interest
e Use authentic materials and activities
e Leave the classroom and learn outdoors
e Enable hands-on experiences



Link the themes/topics and activities to the students’ everyday lives

Fostering self-efficacy

Taking on the role of researcher

Taking on the role of teacher/multiplier

Learner-centred approach

Allow the students to work autonomously while offering support when needed
Give students responsibility

Give students the opportunity to share their knowledge with others

Fostering career-awareness

Let students and experts from different fields work together
Experiencing how experts work — be an expert for a day

Challenges

uBO

In order to enable science experts to invite and collaborate with students in
authentic work settings, they require support in planning and implementing the
visits.

Science experts’ efforts in collaboration projects with schools should be
acknowledged and valued.

Costs for travelling when leaving the school with students might be a problem
that needs to be solved (e.g., additional funding).

Time restrictions to integrate and implement the toolkit activities, and organise
more than one open schooling event.

Time restrictions to design and implement cross-curricular activities.

Difficulty in coordinating the school and experts’ schedules for common
activities regularly even if this is not integrated into the scheme of work for both
institutions.

Difficulty accommodating big number of students at the experts’ premises.

The absence of a person responsible to organise the open schooling activities.

How to scale these projects: if a close contact between OSC members and the
school are to be the norm, how to arrive to more schools?

How to continue without the projects’ support? How to have someone
organising and connecting the OSC when there is no project anymore.

How to incentive the participation of researchers in school-based projects,
including the recognition of science experts’ dissemination activities, payment
of travel costs, etc.



How to reconcile the different rhythms, nature and agendas of research centres
and schools, including the global/local dimensions, the timetable, and
calendars, etc.

How to add authenticity to these projects, when they involve sometimes
dangerous substances, certain risk and safety measures have to be ensured,
etc.

How to really multiply knowledge using students as agents, considering data
protection issues and the limiting access to networks and people they have.

To enable science experts to invite and collaborate with students in authentic
work settings, they require support in planning and implementing the visits.
Science experts’ efforts in collaboration projects with schools should be
acknowledged and valued.

Costs for travelling when leaving the school with students might be a problem
that needs to be solved (e.g., additional funding).

In order to enable teachers to participate in projects, the cooperation should be
planned in advance to be included in schools PCTO (Pathways for Soft Skills
and Orientation) and PTOF (Three-year Educational Policy) plans. This is also
important for students, which could be evalutated also for their contribution
within the project in a multidisciplinary context.

Costs for carrying out experimental and dissemination activities might be a
problem that needs to be solved (e.g., additional funding).

To ensure effective synergy among the different OSC stakeholders, thereby
maximizing the effectiveness and impact of joint initiatives, it would be useful to
increase the participation of public authorities that could coordinate the activities
of future projects.

It is important for teachers to be recognised for their work on international
projects such as Multipliers project in order to be promoted to higher
pedagogical titles.

Enable long-term funding and planning for collaboration between schools and
researchers.

The workload of teachers limits the implementation of innovative teaching
strategies and approaches such as those promoted by the Multipliers project.
Implementation of project activities in the school curriculum is limited (e.g.
teachers are required to follow a large number of learning objectives in the
curricula and therefore have little scope for independent implementation of
long-term project-based activities).
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COUNTRY REPORT 2 (T5.3) - GERMANY

INTRODUCTION

This country report communicates findings and conclusions from Phases 1, 2 and 3 of the two
Teaching-Learning Sequences (TLS) in WP5 in Germany. In the first TLS of this work package
(=TLS 2), primary school students worked together with science experts on the theme of
Biodiversity and Agriculture (“Potatoes”). In the second TLS (=TLS 3), the theme of Forest use vs.
Forest protection was at the focus — students from a lower secondary school visited a
Marteloscope site in a forest close to Bonn and collaborated with science experts from EFI as
well as local foresters (“Marteloscope”).

Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)

Context description (MULTIPLIERS TLS 2: POTATOES)

Theme Biodiversity and Agriculture

Country Germany

OSC-stakeholders Teachers, researcher and technician from Campus Wiesengut
involved (ecological farm and research institute at the University of Bonn)
Student age group 8-10 years

Number of schools/ 1 school (Primary school, Michaelschule)/ 6 teachers / 4 classes

teachers/classes/students | / 92 students

Time period devoted to 0SS (= phase 2):
the Open-school science | » 2 visits (lasting about 3 hours)*

learning project (days, e experts coming to the school: twice for about 2 hours
weeks, months) *first and the second of altogether 3 visits during the whole school year
Sites Campus Wiesengut

Target group in Phase 3 Other students and families of the primary school students

For the second implementation round (TLS 2), UBO decided to work on the theme of Biodiversity
and Agriculture. With a growing world population, the question of how sufficient access to
healthy food can be guaranteed for all people becomes increasingly urgent. At the same time,
scaling up food production has come at the cost of environmentally harmful practices that
accelerate biodiversity loss through e. g., habitat loss and fragmentation, erosion, or chemical
run-off that pollutes nature. To illustrate the dilemma, agriculture is used as an example to show
the oftentimes conflicting aims of — on the one hand — using land capacities for producing food,
and — on the other hand — using land capacities for conserving biodiversity.

Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)

Context description (MULTIPLIERS TLS 3: MARTELOSCOPE)

Theme Forest use vs. Forest protection

Country Germany

OSC-stakeholders Teachers, forest experts from European Forest Institute (EFI)
involved and “Wald & Holz” (local forestry organisation)

Student age group 13-14 years

Number of schools/ 1 school (Secondary school, Liebfrauenschule)/ 3 teachers / 3
teachers/classes/students | classes / 67 students

Time period devoted to 0SS (= phase 2):

the Open-school science | e EFI expert coming to the school: 2 hours
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learning project (days, e Students visiting the Marteloscope site: 3 hours per class
weeks, months)

Sites Marteloscope at the ,Jagerhauschen” in Kottenforst

Target group in Phase 3 Families of the secondary school students, regular visitors to the

forest who were passing by

For the third implementation round (TLS 3), UBO worked on the theme of Forest use vs. Forest
protection. This theme addresses the complex balance between human needs and ecological
preservation. As global demands escalate, forests face dual pressures: resource extraction for
societal needs and conservation to maintain biodiversity and ecosystem stability. This socio-
scientific dilemma mirrors broader environmental challenges, highlighting the urgent need for
sustainable practices. By exploring this theme, students confront pressing questions about
reconciling economic development with environmental conservation. This inquiry fosters critical
thinking and informed decision-making, emphasizing the imperative of holistic approaches to
ensure the long-term health of forests and ecosystems amid growing human demands.

METHODS

POTATOES

TLS 2: Phase 1

This TLS was initially planned between UBO, the principal and a teacher of the primary school
Michaelschule, and two science experts from Campus Wiesengut. Campus Wiesengut is an
ecological teaching and experimental farm of the University of Bonn, covering approximately 80
hectares of arable and green land, and housing a herd of cows. Up to now, school students are
only occasional visitors to this institution: As a university campus, it is mainly used for research
and teaching university students. For Multipliers, it was decided that the students (grades 3 and
4) visit Wiesengut three times during their school year at intervals of several months. This allows
the students to experience a whole plant cycle up-close. The first visit took place in September
2023, the second in April 2024, and the third will be in June 2024. This report describes the first
two visits only.

TLS 2: Phase 2

During the first visit in September 2023, students toured Campus Wiesengut, did a round trip on
a wagon that was pulled by a tractor, took a closer look at grain silos, and learnt about various
equipment. They then proceeded to the fields, where they were allowed to harvest potatoes
themselves. They learned about different types of potatoes and experienced biodiversity in the
fields (beetles, spiders, etc.). They also visited the cows in the pasture and fed them. Different
science experts were involved in the visit, including two researchers, technical staff members as
well as university students (Agricultural sciences).

Four students volunteered to take on the roles of child reporters. As a cameraman and three
reporters, they documented the different activities and interviewed the experts during their
visit, with support from university communication experts. The video was subsequently
uploaded to YouTube.

In early March 2024, the two researchers from Campus Wiesengut visited the students at their
school, showing pictures of the current winter state of the fields and bringing potatoes for
experiments. A few weeks later, they returned to assist in planting newly established raised beds
with the students.
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During the second visit in April 2024, students took another brief tour of the farm to observe
any changes that had occurred since their last visit. They went to see the cows in the barn and
then drove to a rye field. There, students collected weeds from the field, brought them back to
the farm, and used an identification key prepared by the experts to identify the plants. The final
hour of their visit was spent by the students once again in the field, where they searched for
insects together with the science experts. The students collected the insects in plastic containers
and brought them to the experts, who explained to them what species they had found and how
the insects could positively or negatively affect the growth of the crops.

The students of Michaelschule chose to share the knowledge they had acquired about potatoes
during their first visit to Campus Wiesengut on their open school day. This event took place
shortly after their visit. The students offered the potatoes they had harvested to their friends
and families. Moreover, the children arranged a potato tasting session, enabling their families
to explore various potato varieties. Additionally, the students crafted posters highlighting topics
such as biodiversity in the fields, the potato plant and its lifecycle, which were displayed
alongside their potato stand. Inside one of the classrooms, a continuous video screening
showcased the child reporters' coverage of the visit to Wiesengut, providing visitors with insights
into the children’s experiences.

Figure 3. Collecting and identifying insects Fig. 4. Students as child reporters
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Figure 5. Students gifting the potatoes they Figure 6. Potato tasting stand on open school day
harvested to their families and friends

MARTELOSCOPE

This TLS was planned mainly by three teachers and the science experts of the European Forest
Institute (EFI) — one of the Multipliers’ consortium partners. EFl has been setting up training sites
for forestry professionals in different European countries: These so-called Marteloscopes can be
used to train for the integration of biodiversity conservation aspects into commercial forest
management. An innovative software for hand-held devices is used for the characterization of
trees and for the identification of habitat structures. Results of the exercise can then serve as
input for stimulating discussions about Forest use vs. Forest protection in the field.

The forest ecosystem is part of the Biology curriculum in grade 8 (students age 13-14 years).
Therefore, the school decided to include all 8t graders in the project activities and organize an
individual visit to the Marteloscope site for each of the 3 classes.

The first part of the 0SS, an expert from EFI came into school to talk about the European Forest
Institute and provided an introduction to the theme Forest use vs. Forest protection.

In the next part of the 0SS, the students went on an excursion to the local forest. Experts from
EFl and Wald & Holz (the Regional State Forest Enterprise Rhein-Sieg-Erft in Bonn) facilitated a
visit to the Marteloscope. After a brief introductory tour, students were divided into two groups:
one representing foresters and the other representing nature conservation managers. Using
binoculars and tablets with the specialized Marteloscope software, each group collected data
on tree characteristics and microhabitats. Finally, the groups reconvened to compare
perspectives, discuss the economic and the ecological value of chosen trees supported by facts
and arguments, and find common ground through dialogue.

For their multiplying event, students organised a “Forest Day”, a half-day event where they
invited parents and engaged with passersby in the forest. Assisted by two foresters and experts
from EFI, students lead about 80 visitors through the Marteloscope. They shared their
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knowledge on tree species, biodiversity, and ecosystem dynamics and used the Marteloscope
software and binoculars. In addition, some students had prepared information leaflets about
forest issues and an explanatory video for the school’s website.

Figure 7. Expert from EFI visiting the school Figure 8. Students with a forester on the
Marteloscope site

Figure 9 & 10. Students sharing their knowledge and experiences during the “MULTIPLIERS Forest Day”

RESULTS AND DISCUSSION

In both TLS (2 & 3), students’ interest was fostered by leaving the classroom and offering fresh
perspectives and alternative methods to the traditional approaches the students know from
school (e.g., “l definitely recommend it. It was a lot of fun, and it’s just completely different from
a regular lesson.” Student, TLS 3).

Students learning with all of their senses (e.g., “And | actually believe that touching, tasting,
smelling — these classic things — really motivate a lot.”, Teacher, TLS 2), and hands-on
experiences (e.g., “The children were thrilled to harvest the potatoes. Just doing it themselves!
The day was simply successful. The hands-on experience, the holistic learning, that's really a
highlight.”, Teacher TLS 2) were particular effective in fostering the development of students’
interest.

The opportunity for free movement and free-choice decisions was perceived very positively by
the students (e.g., “Here, it is better than sitting in the stupid classroom. Here, we have more
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freedom.” Student, TLS 2; “I really liked that we were allowed to walk around by ourselves and
had time enough to look individually at the trees.” Student, TLS 3).

Moreover, meeting experts in authentic settings was identified as fostering students’ interest
(e.g., “In class, there is only the teacher who simply tells you about it and here, there were people
who deal with it professionally, like a forester.” Student, TLS 3; “So, | believe that for the kids, it's
just super important to have an authentic person on-site who can explain and answer the
questions they have. And the scientists were able to do that, of course. That's a huge advantage
when you have not just acquired expertise but really live it and simply know exactly what's going
on.” Teacher, TLS 2).

The students’ engagement with the topics “Potatoes (and Grain)” (TLS 2) and “Forest” (TLS 3)
was closely linked to their everyday lives, which had a positive impact on their interest and
engagement with the topics (“A mother approached me after the visit to Wiesengut and told me
that the following week she had cooked a potato dish and her daughter immediately asked her
what variety of potato it was. That had never happened before.” Teacher, TLS 2). Students from
TLS 3 were already familiar with the forest from family visits prior to the project, and now have
gained a different perspective on it (e.g., “We have often been out in this forest with the family,
but | would never have imagined the questions that arise here!” Student, TLS 3). Our data
indicates that the students’ interest was maintained even after the visit (e.g., “Afterwards, | went
to Wiesengut again with my parents. We also bought potatoes from the potato cabinet!”
Student, TLS 2).

Students’ self-efficacy was increased by offering the opportunity to work autonomously and be
given responsibility. In both TLS, we observed that the successful use of authentic materials had
a positive impact on motivation and science learning. E.g., the students were proud when they
managed to identify plants independently using an identification key or when they successfully
gathered data using the professional Marteloscops software (e.g., “Working with the software
was a bit difficult at first, but once we understood it, it was quite good.” Student, TLS 3).

Related to students’ career awareness, meeting science experts from different fields allowed
insights into a variety of jobs that were formerly unknown to the students. Experiencing the
various work environments during the excursions provided insights into the settings and
associated tasks, including scientific research (e.g., “We're researchers on the farm, and you're
currently carrying out the same tasks as us! Just like us, you're gathering field data and
conducting identifications.” Expert, TLS 2; “And I think, to understand the profession of a forester
or to learn about the work of conservationists, it is much more valuable than the work of
textbooks.” Teacher, TLS 3).

Allowing the students to interact with the experts and experience the decision-making and
thought processes associated with the experts’ jobs fostered critical thinking and
argumentation (e.g., “/ never thought that when you cut down a tree as a forester, you have to
consider so many things.” Student, TLS 3).

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

Leaving the classroom and visits to institutions can sometimes involve long journeys. While one
group of students was able to travel individually by bike or public transport (TLS 3, local forest),
the second group (TLS 2, Campus Wiesengut) had to organise buses. This was not only an
organisational but also a financial burden, which had to be covered by additional funding.

Working in authentic settings comes along with working with authentic materials, which are
sometimes not adapted to students and their state of knowledge. This might be overwhelming
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for the students and also for the experts when it comes to preparing the activities (e.g., “It's
difficult to choose the right identification key for the students, as we can’t assess whether it’s too
difficult and the activity will work. Furthermore, there always has to be an expert present to
supervise the children accordingly.” Expert, TLS 2).

Moreover, authentic settings are sometimes not designed to easily accommodate the full
number of students in a class. In Germany, a class typically consists of approximately 25
students. Consequently, not all students can be engaged simultaneously during excursions to
authentic workplaces. “[If a] class [comes] and everything always has to be prepared, it becomes
difficult. We don’t have seminar rooms that can be used immediately, we have to convert rooms
for that. Also, materials are not available for every student, we can only use what we have. That’s
challenging.” Expert, TLS 2).

Ultimately, the efforts and time resources required for science experts to engage in projects
with students are frequently not viewed as a primary aspect of their work. Consequently,
experts have to invest time and personal resources on top of their regular work (e.g., “It’s quite
time-consuming, time is invested that is not compensated for.” Expert, TLS 2).

1. Successful approaches

Fostering students’ interest
e Leave the classroom
e Engage all of the students’ senses
e Enable hands-on experiences
¢ Include opportunities for free-choice decisions
e Let students and experts work together
e Use authentic materials
e Link the themes/topics and activities to the students’ everyday lives
e Offer new methodological approaches and adequate scaffolding to students

Fostering students’ self-efficacy in science learning
e Allow the students to work autonomously while offering support when needed
e Give students responsibility
e Give students the opportunity to share their knowledge with others

Fostering students’ career-awareness
e Let students and experts from different fields and career stages work together
e Visit the experts’ work environments
e Let students work in the way that experts work

2. Challenges

- In order to enable science experts to invite and collaborate with students in authentic work
settings, they require support in planning and implementing the visits.

- Science experts’ efforts in collaboration projects with schools should be acknowledged and
valued.

- Costs for travelling when leaving the school with students might be a problem that needs to
be solved (e.g., additional funding).
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COUNTRY REPORT 2 (T5.3) - SWEDEN

INTRODUCTION

This country report communicates findings and conclusions from implementation of Phases 1-3
of Teaching-Learning Sequences (TLS) 2 and 3 in Sweden. As was the case with the first round of
TLS, UMU focused on, and further developed, the theme Forest use vs. Forest protection and
conducted two TLSs in upper primary and lower secondary school (student ages 12-13). TLS 2
involved students in a project called Skogssnilleblixten, roughly translated as a combination of
the terms forest and stroke of genius. In TLS 3 one teacher engaged a grade 6 class in several
activities aimed at exploring, seeking arguments from different perspectives and making
decisions on two cases of potential forested land use in their community. The aim of TLS 2 and
3 was to offer opportunities for students to gain insight into a variety of important ecosystem
services and the value of forests and forest products; the conflicts of interests between different
stakeholders; and the need for community members to actively participate in discussions about
how to prioritize the use of different forests. In other words: “which forest or forested land is
best to use — for what purpose?”

Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)
Context description (MULTIPLIERS TLS 2: Skogssnilleblixten)

Theme

Forest use vs. Forest protection

Country

Sweden

OSC-stakeholders involved

Teachers, researchers (from the Swedish research institute,
RISE, The Swedish University of Agricultural Sciences (SLU), and
Umea University), science center staff (from Exploratoriet),
representative from the forest industry (Mera Skog),
volunteers from an organization promoting inventions

Student age group

12-13 years

Number of schools/
teachers/classes/students

2 schools/3 teachers/3 classes/approx. 75 students

Time period devoted to
the Open-school science
learning project (days,
weeks, months)

0SS (i.e. Phase 2) Aug-Oct:

e 1IRL meeting (2 hrs)

e 1 IRL visit to RISE-labs (2 hrs)

e 4 online meetings (approx. 1 hr per meeting)

Sites

Schools, Exploratoriet (Science center in Skelleftea), Campus
Skelleftea (University in Skelleftea), RISE Research facilities

Target group in Phase 3

Researchers, students, and families

About 70% of Sweden is covered by forests and these contain potential raw material which could
be used for new products and thereby benefit the environment by preventing extensive
transport from other parts of the world. The implementation of TLS 2 was therefore aimed at
encouraging students to explore raw materials which could be harvested and used for forest-
based products. The students and teachers visited Exploratoriet for an inspirational half day of
work exploring current forest products and strengthening their collaborative skills. The students
brainstormed around ideas about their own creative and sustainable use of forest-based
material. By involving a local branch of the research institute, RISE, involved with development
of forest-based products, the students were able to meet with real experts in the field.
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Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)

Context description (MULTIPLIERS TLS 3: Mountain bike track or housing
complex?)

Theme Forest use vs. Forest protection
Country Sweden
OSC-stakeholders involved Teacher, SLU, journalist (from local newspaper Norran),

municipal biologist, representative from the forest industry
(Mera skog).

Student age group 12 years

Number of schools/ 1 primary school/1 teacher/1 class/18 students
teachers/classes/students
Time period devoted to the 0SS (i.e. phase 2) Aug-March:

Open-school science learning | ¢ 1 IRL meeting w/ stakeholders (2 hrs)

project (days, weeks, e Approx. 15 online meetings w/ teacher

months) e 5Svisits from UMU team to the class, including support
session for argumentation and decision making (approx.
2 hrs)

e 1 journalist visit + informal lunch (approx. 2 hrs)
e 2 biologist visit to the class (3hrs, 1 hr)

Sites Lovangerskolan, 4 different forests in the community

Target group in Phase 3 Community members, younger students at the school, OSC
stakeholders

TLS 3 engaged students in studying and considering use of the forested areas surrounding their
community Lovanger which is located close to Skelleftea, a town developing rapidly due to the
start-up of a large battery factory. Skelleftea municipality needs people to work and live in the
area. The students met with a journalist to talk about how forest and sustainability issues are
portrayed in media, and the journalist also provided support on how to formulate interview
guestions to get thorough answers. In addition, the students went on a guided walk together
with a biologist from the municipality through different types of forests in close vicinity to the
school and community. A local forest owner and representative for a forest company also visited
the class and discussed his view on forest use and forest protection. The students were then
presented with two cases, which were fictional but had been reviewed by the biologist for
authenticity purposes. One was the creation of a mountain bike track in a natural forest nearby,
and one was the construction of a proposed housing complex on a production forest site. The
students interviewed friends and families, surveyed community members outside a local grocery
store and then acted as decision makers when deciding on which project to allow in their
community and why.

METHODS

Skogssnilleblixten

TLS 2: Phase 1

In TLS 2, we were first in contact with Exploratoriet and Mera Skog which are OSC-members
planning a project for students (age 10-15) to design sustainable, creative products from forest
materials. Representatives from another OSC-member, i.e. SLU, were also invited in this TLS as
their expertise would make a useful contribution. Furthermore, experts from RISE, were invited
via e-mail and a meeting was held to introduce the project and agree on their participation.



MUL*IPLIERS

Teachers were invited by the science center whose staff had a habit of collaborating with
teachers in the municipality and all stakeholders were involved in developing the OSS.

Initially teachers and students from three classes visited Exploratoriet, where inspiration
sessions were organized. They met with stakeholders from the cooperative of forest industries
(Mera skog, https://www.skogeniskolan.se/), RISE researchers, and a partner from SLU who
brought a “Forest-based materials box” which had been co-developed by material researchers
and teachers for schools as part of the online teaching material The forest lab
(https://skogslabbet.se). This activity familiarized students with products from the forests. For
example, students were introduced to well-known products like paper cloth, but also lesser-
known products such as fabric, and artificial grass granules. The students then participated in
“Skogssnilleblixten”, a competition to invent and produce prototypes of sustainable products
from the forest. Back in school the students worked for 2-3 weeks to design creative, sustainable
products from forest-based resources. Each class was visited once by a member of an inventor
association to stimulate the students' creative processes. He prompted them with questions
such as "What are the needs for the particular target group chosen?”; and “What material can
be used without interfering too much with biodiversity and land use?”. Students produced
prototypes of, for example, antiseptic bandages of viscose fibers and Spaghnum-moss, refill
make-up containers made of wood, and energy and vitamin drinks from pine tree needles.

The multiplying event was organized as an exhibition next to the university campus library where
students showed their products for family members, university students and a jury consisting of
six different stakeholders. The jury listened to presentations from all groups and asked for
further explanations of the ideas behind the products. Both prototypes and PP-presentations
about how to use the product and the benefits it had were included in the presentations. While
the jury had careful negotiations to decide which groups would receive the awards in the three
categories: Best presentation of the idea, Most creative innovation, and Most environmentally
sustainable idea, the students and teachers visited the facilities of RISE located nearby. Two
different RISE research groups demonstrated the type of research they were involved in, for
example measurements related to the durability of different wood components and fire
resistance of different products for the students. The day was finalized in an auditorium where
the jury discussed their experiences from examining the products and presented the three
winning contributions and handing out diplomas.

Figure 1. Students during the inspirational session Figure 2. Students and teachers being introduced
at the science center Exploratoriet. to Skogssnilleblixten at Exploratoriet.


https://www.skogeniskolan.se/
https://skogslabbet.se/
https://skogslabbet.se/
https://skogslabbet.se/
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Figure 3. Presentation of created products for Fig. 4. An energy drink containing Figure 5. Multiplying event at Campus Skellefted
families, students and the jury at the multiplying event extract from pine needles was

held at Campus Skelleftea one of the products.

Mountain bike track or housing?

In the planning of TLS 3 the UMU team mainly engaged with the participating teacher who had
responded to an invitation that was sent out to all grade 4-9 teachers in the municipality. The
journalist was contacted via another journalist at the same local newspaper, who had
participated in TLS 1. A contact was established with a biologist through an e-mail to the
environmental department of the municipality. The forest company representative was a
personal contact of the participating teacher who asked him to visit the class and connected him
to the UMU team. In a collaborative effort, the teacher, biologist, journalist and UMU team
developed the OSS in a continual process making revisions along the way to adjust for new ideas
and unforeseen events. One important aspect in the implementation of TLS 3 was that the
teacher was a so-called general teacher. Therefore she taught the class in many different
subjects, for example science, civics, and technology which enabled the drawing of inspiration
from an integrated STEM instruction framework (Bryan & Guzey, 2020). Integrated STEM
instruction combines objectives from several disciplines, engages students in problem solving
and engineering design, contextualizes learning within real-world problems which require
teamwork and communication, and offers opportunities for students to develop skills such as
critical thinking, problem-solving and creativity, information literacy, argumentation, and
decision-making.

The teacher used teaching material from The Forest Lab, Skogen i Skolan, and news media to
introduce students to the theme and the “facts” before they met with experts. The TLS
continued as the journalist visited the class and talked to them about media, journalism and
controversial issues such as the use and protection of forests. He also stayed for lunch enabling
more informal talk between him and the students. To draw the students’ attention to different
types of forests, the biologist brought them on a guided walk through four forested areas with
varied characteristics and usage. The biologist visited the class one more time to talk about and
further discuss new terms and concepts which she had used during the walk. The introduction
of the two cases to the students initiated their work on understanding, finding arguments and
deciding on whether the cases could or would be beneficial for the community in terms of for
example recreational and sustainability aspects. The forest industry representative visited the
class during their work on the cases while interviews with friends and families about their
relationship with forests were conducted outside of school. A pop-up event for public
consultation, i.e., to learn more about the opinions in the community, was arranged. The
students visited the local grocery store and surveyed the population on their view of the cases.
The teacher asked for some support about halfway through TLS 3 and the UMU team held a
scaffolding workshop with the students about decision-making in complex issues.
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For the TLS 3 multiplying event, students presented their new knowledge about forest use and
forest protection, the two cases, and their decision regarding the two cases to younger students
at the school and to invited stake holders. By using PowerPoint presentations and Kahoot
quizzes, the students shared their newly gained knowledge and engaged their audience in a local
aspect of the theme Forest use vs. forest protection.
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Figure 6. Guided walk through local forests with Figure 7. Students speaking to and surveying locals

Municipal biologist. on the cases outside a local grocery store.

Figure 8-10. Students sharing their knowledge and experiences with younger students and experts.
RESULTS AND DISCUSSION

TLS 2 and 3 fostered student interest through the inspiration session at the science center which
offered insights into the variety of materials that originates from forests, and by using teaching
methods that differed compared to traditional approaches. By exploring and sorting different
forest-based materiel students became aware that these were products commonly used in daily
life. For example one student said, “These products are used by humans in everyday contexts”.
The students were excited about getting the opportunity to invent and design new products
(e.g., It was fun to do something completely different — we had to think outside the box.”, and “I
liked working in a group - we helped each other to become more creative”, Students in TLS 2).
When asked about what they learned during TLS 2 many of the students mentioned that it was
very interesting, for example to read about different plant substances and their use in traditional
medicine. The students felt positive working in groups: “for once it felt like we worked as a
group” (Student TLS 2). One jury member mentioned that the students seemed proud to present
their products at the exhibition and one student expressed it like this: “It was fun to be at the
exhibition and meet people and listen to the other groups.” Meeting the researchers in authentic
settings at RISE was also identified as fostering students’ interest, according to both students
and teachers. (e.g., “It was fun to see what they were investigating— it was more than | could
think of’, Student TLS 2). One of the teachers said, “The students found the research very
exciting, and they asked if we could visit them again to see more of their research” (Teacher TLS
2 and 3). According to the participating teacher, TLS 3 created interest in science and specifically
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in forest issues: “Especially for those who rarely visits the forest. [The students] have become
much more aware of relationships in the forest, what benefits we get from it and what can be
done to achieve long-term and sustainable forestry, for the benefit of the forest itself, and for us
humans.” The journalist added that he was surprised to find that students this young (12 years)
had a great interest in environmental issues and that collaborations like this are important not
only for older students. The teacher pointed out that since her science knowledge is limited due
to a lack of science courses in her teacher education, the participation of experts meant that
both she and the students learned new things about the issue.

In both TLS 2 and 3, the students’ self-efficacy was increased through the opportunity to work
autonomously and be given responsibility. In TLS 2, we observed that the successful use of
authentic materials had a positive impact on motivation and science learning in their task to
invent sustainable products. In the fictive cases of TLS 3, the students were given the role to act
as responsible for the decisions in the municipality. The biologist mentioned that being able to
collaborate in the project and meeting students to talk about the importance of forests for the
community raised awareness about their role as important members in a democracy. During the
TLS 3 multiplying event students prepared separate presentation for younger students and
invited experts, and the teacher suggested that this might be a good set-up since presenting for
younger children encouraged students to explain difficult terms and concepts more thoroughly
and using their own words, as they cannot expect younger students to have this knowledge.

Related to students’ career awareness, meeting science experts from different fields allowed
insights into a variety of jobs that were formerly unknown to the students. The wide variety of
types of experts visiting the school was a great advantage. “Both their expertise on the subject
and their personalities suited different students very well. Every student probably found someone
they identified themselves with.” (Teacher TLS 3). Experiencing the various work environments
during the excursions gave students insights into the settings and associated tasks. Although
none of the students explicitly said that this affected their future careers, the teacher engaged
in TLS 3 stated that “they have become more aware that it is possible to work on different things.”
and was supported in this statement by the biologist who said that her participation “might have
planted a seed among students”.

Allowing the students to interact with the experts and experience the thought processes and
decision-making associated with different types of work fostered critical thinking and
argumentation. The pop-up event for public consultation presented a good opportunity to
deliberately listen to different perspectives, critically examine ideas, and argue for different
perspectives. According to the teacher “[students] found it a bit difficult at first, but they grew
and developed confidence the more people they had to ask. I'm going to use this strategy more.”
(teacher in TLS 3). The biologist reasoned around the work with the cases where students
examined and formed arguments from different perspectives and concluded that TLS 3 provided
ample opportunity for students to practice critical thinking.

Examples of challenges and potential pitfalls with specific methodological

activities and approaches

One of the main challenges for collaboration in OSCs is to get in contact with and recruit teachers
who are interested in participating. Teachers with previous experience of working with external
stakeholders are often open to participate in similar events with another class, or to become
involved in new teaching and learning projects. The only teacher in TLS 3 that responded to our
invitation mentioned that most teachers do not have time to carefully read the messages
published through internal communication channels about taking part in projects like this. In the
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interview she summarised it like this: "More work is needed to convince headmasters/principals
or school leaders at the municipality level to support this type of collaboration. Perhaps to
arrange presentations were teachers and external collaborators present the outcome of the
different project. It can be done as a fair for all teachers in the municipality before or after the
summer holiday, i.e., after the students have ended the school year or before they start the new.”

Both the biologist and the forest owner identified communication as a challenge. The biologist
found it difficult to know how to talk to the students since she lacked the pedagogical experience
while the forest company representative pointed out that it is “difficult to know how to phrase
things when you’re not a pedagogue.” Several experts participating in TLS 2 and 3 brought up
the issue of time and funding as potential sources of problems. The lead researcher from RISE
said that while it was rewarding to participate in the project because it offered an opportunity
to show their lab facilities and explain their work which could potentially attract future students
and co-workers, they really did not have time for this kind of engagement unless they could
secure funding for it. While the journalist mostly saw advantages by this type of collaboration
he also reported not always having enough time to devote to TLS 3. The biologist explained how
it took a lot of time to prepare the teaching material and suggested that some sort of template
would be useful as a starting point and decrease the amount of time needed to prepare.

Take home messages to consider for projects guidelines and
recommendations (WP6)

1. Successful approaches
Fostering students’ interest
e Visit meaningful locations in their community
e Involve parents, relatives, and friends to illustrate the importance of the topic
e Enable hands-on experiences, for example with authentic materials, such as forest-
based products
¢ Include opportunities to make decisions that are important for the community
e Methodological approaches involving experts and adequate scaffolding to students
Fostering students’ self-efficacy in science learning
e Enable the students to produce something using their own creativity
e Encourage students to explain terms and concepts using their own vocabulary and
representations by inviting younger students as audience
e Allow the students to work autonomously while offering support when needed
e Give students the opportunity to share their knowledge with others
Fostering students’ career-awareness
e Visit the experts’ work environments
e Draw students’ attention to experts as “regular people” by allowing time for them to
meet and talk in less formal settings.
e Let students talk to or interview people in their surroundings about the theme to build
awareness about different professions related to the issue

2. Challenges
- To enable science experts to invite and collaborate with students in authentic work
settings, they require support in planning and implementing the visits.
- Science experts’ efforts in collaboration projects with schools should be acknowledged
and valued.
- Costs for travelling when leaving the school with students might be a problem that
needs to be solved (e.g., additional funding).
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COUNTRY REPORT 2 (T5.3) - ITALY

INTRODUCTION

This country report communicates findings and conclusions from Phases 1, 2 and 3 of the two
Teaching-Learning Sequences (TLS) in WP5 in Italy. The first TLS of this work package (TLS 2),
involved lower secondary school students, the second TLS (TLS 3) involved primary school
students. In both TLS students worked together with the upper secondary school students (Liceo
Blaise Pascal), who participated in the previous stage of the project (TLS 1) and with science
experts on the theme of Clean Water.

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.

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 Italian's average amount of water is nearly
half a litre, 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.

The upper secondary school students, with the assistance of their teachers and water utility
experts, promoted a series of activities aimed at working out other students’ views around the
topic and influence changes in water use and perception, increasing knowledge and trust on
distributed drinking water and contrasting overconsumption of plastic bottled water. Moreover
they have designed a website describing the activities and content of the Italian project.

At the end of the school year water bottle vending machines will be replaced by a “zero-mile”

water dispenser, funded within Multipliers, to encourage sustainable drinking habits.
Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)

Context description: (MULTIPLIERS TLS 2 — Water teachers — Lower
secondary school)

Theme Clean Water

Country Italy

OSC-stakeholders Teachers from the Pascal upper secondary school and from the
involved Aosta lower secondary school. Iren (water utility) experts.
Student age group 12-13 years — 16-17 years

Number of schools/ 2 schools (lower and upper secondary schools)/10 teachers/12
teachers/classes/students | classes/120 students

Time period devoted to - Students and water utility experts coming to the school
(days, weeks, months) (6 lessons + 2 laboratories): 12 hours

- 2visits to the water plant: 4 hours
- 2 opendays: 4 hours

Sites School premises, water plant

Target group in Phase 3 Primary school students and families




MUL*IPLIERS

Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)

Context description (MULTIPLIERS TLS 3: Water teachers — primary school)
Theme Clean Water

Country Italy

OSC-stakeholders Teachers from the Pascal upper secondary school and from the

involved Ca’ Bianca primary school. Iren (water utility) experts. Expert
from the Panizzi library (multiplication event)

Student age group 9-10 years — 16-17 years

Number of schools/ 2 schools (upper secondary school and primary school/8

teachers/classes/students | teachers/8 classes/120 students

Time period devoted to - Experts coming to the school (2 lessons): 4 hours

(days, weeks, months) - 2 visits to the water plant and laboratories (water

analysi): 6 hours
- Multiplication event: 3 hours

Sites School premises — water plant - library
Target group in Phase 3 Families and general community
METHODS

WATER TEACHERS — LOWER SECONDARY SCHOOL

This TLS was initially planned between Iren experts, teachers from the upper secondary school
Pascal (involved in the 1%t cycle project), the principal and 4 teachers of the lower secondary
school Aosta. The idea was to plan peer education lessons and labs, with students, appropriately
trained and assisted by their teachers and water experts, acting as educators for younger lower
secondary school students. For Multipliers, 6 lessons, two analytical laboratories and two visits
to the water plant were planned from October to December 2023.

From the beginning of October to mid-November 2023, Pascal upper secondary school third-
year students were trained by other students involved in the first project cycle, by teachers and
by water utility experts on the topics of water management, on the influence of geological
features on water quality and on water analytical methods (hardness and pH).

After that, two meetings were organised in mid-November, each including an introduction on
sustainable water management, quality, and use and analysis on different types of water
(bottled and school water). These were held by secondary school students and addressed to 8
classes of lower secondary school students.

At the end of November two visits to the Reggio Est water reservoir and water museum took
place, with the assistance of water technicians and Eduiren (the Iren educational department)
experts.
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The Aosta secondary students chose to share the knowledge they had acquired about water on
two open school days, scheduled on 16" December 2023 and 11t January 2024 and addressed
to primary school children and families.

They arranged a water blind tasting session, enabling participants to taste different types of
water (tap water and bottled waters). The tasting results were statistically processed and
evaluated. Bottled water was found by most participants to be indistinguishable from tap and
tap water was often the favourite one, showing that many beliefs are related to preconceived
ideas rather than to actual experiences or product characteristics.

Moreover, students performed measurements of tap water hardness and pH, to show how
distributed water is regularly controlled.

Additionally, students prepared multimedia presentations highlighting the topics such as water
consumption, management and quality, which were displayed at the school premises.

OPEN DAV Blo vado MINIETR
HOu O’ ACQUA DA PERDERE

Figure 3. Drinking water analyses Fig. 4. Open day. Presentation on drinking water
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Figure 5. Lower secondary school students performing Figure 6. Open day. Water blind tasting
water analyses with primary school children

WATER TEACHERS - PRIMARY SCHOOL

This TLS was initially planned between Iren experts, teachers from the upper secondary school
Pascal (involved in the 15t cycle project), the principal and 6 teachers of the primary school Ca’
Bianca. As in the TLS 2, the idea was to plan peer education lessons and labs, with students,
appropriately trained and assisted by their teachers and water experts, acting as educators for
younger primary school students. For Multipliers, two lessons, two analytical laboratories and
two visits to the water plant were planned in February 2024. Together with the Panizzi Library,
member of the Italian OSC, a multiplication event, addressed to families and the general
community was planned within the fair “100 strade per unire — Una mattina di festa nel quartiere
di Santa Croce”, including exhibits, performances, educational, cultural and sports activities and
organised in the Santa Croce neighborhood of Reggio Emilia.

The Pascal students, now experts, thanks to the knowledge and practice gained in TLS 2, acted
as teachers, organizing lessons and laboratories addressed to primary school children. These
were scheduled in February and included an introduction on sustainable water management,
quality, and use and analysis on different types of water (bottled and school water) and were
followed by visits to the Reggio Est water reservoir and water museum, planned with the
assistance of water technicians and Eduiren (the Iren educational department) experts.

The dissemination event was organized in cooperation of the Panizzi Library, at the Via Adua
Library premises and and was addressed to families and the general community. It was planned
within the fair “100 strade per unire — Una mattina di festa nel quartiere di Santa Croce”,
including exhibits, performances, educational, cultural and sports activities and organized in the
Santa Croce neighborhood of Reggio Emilia.

Ca? Bianca School's 3rd and 4th graders organized the following activities:

® An H,0 game: a snake and ladders game with 30 boxes shaped like water drops; some of the
boxes proposed questions about the water cycle and the topics covered in the meeting with
other students and experts.
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e Two ppt presentations were displayed: "AcquaRe" crafted and illustrated by the 3™ graders
and concerning water distribution systems waterworks and "AmicAcqua" (Water Friend),
prepared and presented by the 4™ graders providing information on water use and quality.

e Slogans about water in the form of comics were designed and displayed, to communicate
messages about the importance of protecting safeguarding water as a precious resource.
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Figure 8. Students performing water
titration tests
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Figure 5. Multiplication event. Presentation on water Figure 6. Multiplication event. Water day
management




MUL*IPLIERS

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

In both TLS (2 & 3), students’ interest was fostered by lab experiments on water, offering fresh
perspectives and alternative methods to the traditional approaches the students know from
school (e.g.: “Topics are supported by more practical activities”, “The experimental method
helped me better understand the theories” Students, TLS 2 “In class we watch many videos and
do few experiments”, “We enjoyed becoming scientists and making the colour of the water
change based on the pH”, Students, TLS 3).

Moreover, meeting experts in authentic settings was identified as fostering students’ interest
(e.g., “I liked working with the experts, listening to them and intervening in their talks”, “They
knew how to interest us”, “I appreciated the passion they put into their work and in explaining it
to us”, Students TLS 2 “I liked how they explained, showing things and making people participate
in the activities”, “I enjoyed meeting them in the places where they work” Students TLS 3).

The students’ engagement with the topics Clean Water was closely linked to their everyday lives,
and had a positive impact on their knowledge, awareness and drinking habits (e.g.: “The project
activities have opened up a different perspective for me on common habits. Thanks to
Multipliers, | understood the great work behind a glass of water”, “Tap water is better than
bottled water because it costs less, is more controlled and pollutes less because we don't use
plastic.” Students, TLS 2 “I was surprised to learn how the water gets to our house”,“There is a
pipe that runs water up to the top floor of the house”, “l found out where the water comes from”,
“We checked three types of water, but we could hardly taste the difference”, ”It struck me in the
blind tasting tests that | chose a different water than what | am used to drinking. | preferred the
one from the waterworks”, “Tap water is good in every aspect and is controlled to be enjoyed”
Students, TLS 3). Interaction with the experts fostered critical thinking and argumentation (e.g.,
“True, there is some limestone present, but limestone is made up of calcium and magnesium,
two elements that are necessary for our health”s.” Student, TLS 3).

Lower secondary and primary school students were glad to have been taught by other students
(e.g.: “I enjoyed working in groups with boys and girls a little older than me” Student TLS 2,
“Younger children in particular enjoyed the meetings with the Pascal students” Teacher TLS 3).
Moreover, this experience increased upper secondary students’ self-efficacy, by offering the
opportunity to work autonomously and be given responsibility. Students’ self-efficacy and
knowledge was also increased by multiplication activities, addressed to other students, families
and the general community. (e.g.: “It made me feel like a professor, which is nice”, “Presenting
things to other children helped me understand better”, “I liked many things about the project,
but most of all: expressing my knowledge to someone | don't know and conveying my passion”,
"It was good to spread awareness and important information to both kids our age and adults”,
Students, TLS 2 & 3).

Related to students’ career awareness, meeting science experts from different fields allowed
insights into jobs for orientation and possible career paths. Experiencing the various work
environments during the excursions provided insights into the settings and associated tasks.
(e.g.: “Contact with the working world gives me a greater understanding of what attracts me as
a post-high school pathway”, “Meeting experts can provide guidance for future studies” Students
— upper secondary school and TLS 2).

Finally, most students enjoyed taking part in the project activities and found them useful to
increase their knowledge and competencies. (e.g.: “Participating in the project was very helpful
in understanding and appreciating science subjects better”, “Very helpful, because many of these
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things we didn't know what they were”, “I don't want to exaggerate, but the project has opened
my eyes to new things, and that makes me happy”, “I learned science subjects in a more fun way”
I was already passionate about science, the project made me more passionate about it”, “It was
a way to understand more and it is also very nice”, “l recommend it because there are activities
that allow you to learn more about many topics and make friends”, “You could make Multipliers
a science class” Students TLS 2 & 3)

Laboratory activities require analytical materials (e.g.: reactants, consumables): this involves a
financial burden, which has to be planned in advance and sometimes has to be covered by
additional funding. Extra-funding could be also required by multiplication activities.

Plants are sometimes not designed to easily accommodate more than one class. In Italy, a class
typically consists of up to 30 students. Consequently, if more classes are involved not all students
can be engaged simultaneously during excursions to authentic workplaces and different visits
had to be planned.

Students are often engaged in curricular activities and must balance them with the afternoon
commitment required under the project. In addition, teachers are required to do extra work for
the preparation of project activities and have to invest time and personal resources on top of
their regular work (e.g., “It’s quite time-consuming, time is invested that is not compensated for.”
Teacher, TLS 2). Moreover, most activities had to be organized in the afternoon: as ome students
live far away from the school, it has sometimes been difficult to organize them because there
are few transportation links between the school and neighboring towns.

1. Successful approaches

Fostering students’ interest
e Leave the classroom
e Perform analytical tests
¢ Include opportunities for free-choice decisions
e Let students and experts work together
e Let students interact with other elder/younger students
e Link the themes/topics and activities to the students’ everyday lives
* Raise awareness on how their consumption choices have impact on the environment

Fostering students’ self-efficacy in science learning
e Allow the students to work autonomously while offering support when needed
e Give students responsibility
e Give students the opportunity to become experts
e Give students the opportunity to share their knowledge with others

Fostering students’ career-awareness
e Let students and experts work together
e Visit the experts’ work environments
e Let students work in the way that experts work
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2. Challenges

- In order to enable teachers to participate in projects, the cooperation should be planned in
advance to be included in schools PCTO (Pathways for Soft Skills and Orientation) and PTOF
(Three-year Educational Policy) plans. This is also important for students, which could be
evalutated also for their contribution within the project in a multidisciplinary context.

- Costs for carrying out experimental and dissemination activities might be a problem that
needs to be solved (e.g., additional funding).

- To ensure effective synergy among the different OSC stakeholders , thereby maximizing the
effectiveness and impact of joint initiatives, it would be useful to increase the participation
of public authorities that could coordinate the activities of future projects.
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COUNTRY REPORT 2 (T5.3) - SLOVENIA

INTRODUCTION

This country report communicates findings and conclusions from Phases 1, 2 and 3 of the two
Teaching-Learning Sequences (TLS) in WP5 in Slovenia. The contexts of the two TLS are briefly
described in Table 1 and 2. In the first TLS of WP5 (=TLS 2), secondary school students worked
together with science experts on the theme of Biodiversity and Ecosystem Services (“Biodiversity
and Birds”). In the second TLS (=TLS 3), the theme of Biodiversity and Ecosystem Services
(“Marteloscope and Science Backpack”) was introduced — primary and lower secondary school
students worked together with science experts in creating an educational marteloscope site in
a forest close to primary school Smartno pod Smarno goro as well as continuing working on
activities from science backpack.

Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)

Context description (MULTIPLIERS TLS 2: Biodiversity and Birds)

Theme Biodiversity and ecosystem services

Country Slovenia

OSC-stakeholders teacher, researchers, informal education provider

involved

Student age group 15-18 years

Number of schools/ 1 school (upper secondary school)/ 1 teacher / 6 classes [from

teachers/classes/students | one level] / 31 students

Time period devoted to 0SS (= phase 2):
the Open-school science
learning project (days,
weeks, months) e UL expert: 1 visit

e Students and a teacher from project school

e BirdLife Slovenia (DOPPS) experts: 1 day per nature reserve

Sites Outdoors (nature reserves)

Target group in Phase 2 Secondary school teachers and students, researcher, informal
education provider, parents and local community

For the second implementation round (TLS 2), UL decided to work on the theme of Biodiversity
and Ecosystem services, with focus on biodiversity of birds. Education plays a critical role in
promoting the understanding and appreciation of biodiversity and ecosystem services.
Ecosystem services 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. In
collaboration with a group of formal and informal educators and researchers, students learned
about sustainable ecosystem management, and studied different ecosystem services and their
values for the well-being of societies. By using collaborative, problem-, and inquiry-based
learning approaches in the first Open Science Community in Slovenia, they were able to
understand and appreciate the diversity of ecosystem services. Capitalizing on the expertise of
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MULTIPLIERS’ partners, the students learned that ecosystem services can be in competition with
each other, and even if they can be balanced, there may still be possible trade-offs. To illustrate
this, birds, their biodiversity and conservation is used as an example to show oftentimes
conflicting aims of developmental and conservational aims. Secondary school students were
focusing on biodiversity and conservation of birds in two protected nature reserves (wetlands)
— Skocjanski zatok and Ormoz basins.

Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)

Context description (MULTIPLIERS TLS 3: Marteloscope and Science

Backpack)
Theme Biodiversity and ecosystem services
Country Slovenia

Type of OSC-stakeholders
involved in Phase 3

Student age group 6-14 years

teachers, researchers, journalist, informal education provider

Number of schools/ | 2 schools (primary and lower secondary)/ 3 teachers / 4 classes
teachers/classes/students | / 58 students

Time period devoted to | OSS (= phase 3):

the Open-school science
learning project (days,

e EFl expert creating marteloscope application:

weeks, months) e UL expert visiting students: 8 times - 2 hours per visit
e Institute for forestry helping with science backpack
activities:

e The Slovenia Forest Service marking trees for
marteloscope: 2 times - 4 hours per visit of site

e Students and teachers from project schools visiting
marteloscope: 2 hours per class

Sites classroom, outdoors (marteloscope site and exploring with
science backpack)

Target group in Phase 3 Primary school teachers and students, secondary school teacher
and students, researcher, journalist, informal education
provider, parents, local community members

For the third implementation round (TLS 3), UL decided to work on the theme of Biodiversity
and Ecosystem services, with focus on biodiversity and ecosystem services of forests. By exploring
this theme, students confront pressing questions about reconciling economic development with
biodiversity conservation. To illustrate this, primary school and lower secondary school students
were involved in science backpack activities and development of outdoor classroom in the forest
called educational marteloscope. Marteloscope helps students and other visitors learn about
forest biodiversity and ecosystem services, especially provisioning (e.g. material and energy
sources) and supporting (e.g. habitat for species) services.

METHODS

BIODIVERSITY AND BIRDS

TLS 2: Phase 1
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The initiative for TLS 2 theme came mainly from the secondary school teacher in Il. gimnazija
Maribor. The biodiversity of birds itself was linked to the topics in the ecology in curriculum of
subject Biology. For this reason, we contacted science experts from BirdLife Slovenia (DOPPS) —
OSC partner. In cooperation, we organised the excursions and other activities for students.

In September and October 2023, students visited two nature reserves: the Skocjanski zatok and
the OrmozZ basins. At both reserves, they learnt about the biodiversity of birds and other
organisms. They learnt about different species of birds by observing them with binoculars.

Figure 2 Students visiting and exploring nature reserv Ormoz basins.

Students from secondary school Il. gimnazija Maribor chose to share their knowledge in groups
through different products. One group decided to write a report on the excursion, describing
the nature reserve itself as well as what they have learned. The report was published in the
online newspaper of school Il. gimnazija Maribor. In addition, they created an interesting poster
about the animals that live in Skocjanski zatok, as well as a comic strip about the origin of
Skocjanski zatok. The comic illustrates a conversation between a young duckling and “father
duck” about place they live. The comic strip explains that Skocjanski zatok is located close to the
Port of Koper. In the past people wanted to enlarge the harbour and drain the wetland.
However, the young founders from the local community did not agree and tried to preserve the
area. The area was landscaped and soon a huge number of organisms re-colonised the area.

To further demonstrate how interesting it was to explore and learn about bird biodiversity, the
students made a video about each nature reserve, which was publicly distributed via youtube
and school website. At the moment, some students are working on their research paper under
the guidance of an expert from BirdLife Slovenia (DOPPS).
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Figure 3. Article and poster made by students
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Figure 4. Comic strip made by students about the origin of Skocjanski zatok

MARTELOSCOPE AND SCIENCE BACKPACK

This TLS 3 was mainly planned with primary and lower secondary school teachers, science
experts and project partners. The expert from the Slovenian Forest Service was primarily
responsible for planning and setting up the Marteloscope. She worked together with students
from the Faculty of Education - they marked treesin a 0.4 hectare area of forest, measured them
and located them on a digital map. To make this possible, we obtained the consent of the private
owner of the forest plot. With the help of experts from the EFI (European Forest Institute), a
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training app for the Marteloscope was created in Slovenian and English. With the help of
students from the Faculty of Education, we developed activities for the Marteloscope, such as a
dichotomous key for identifying species in the forest, activities about epiphytes and different
types of microhabitats related to the ecological value of the forest, and an activity to learn about
its economic value. In consultation with the Municipality of Ljubljana, we have also prepared an
information board for the Marteloscope, which contains a QR code to the website. General
information about the Marteloscope, the Multipliers project itself and the photospheres of
forest was published on the website.

For the science backpack itself, we have supplemented and updated the booklet (Activity
Manual) with activities. Both teachers and experts from the Slovenian Forest Service and
Slovenian Forestry Institute were involved in revising and updating the material.

- 50

Figure 5. Evaluatiﬁg and upgrading activities

Lower secondary school students from school Smartno pod Smarno goro went on an excursion
to the Marteloscope site, where students from the Faculty of Education conducted developed
activities with them.

Together with the teacher and the project partners, the students learned about various activities
within the nature circle: Wind and water erosion, microsafari (searching for organisms in moss),
biodiversity identification methods, Winogradsky column, activity with proverbs and quotes
about nature. The activities were suitable for use in the classroom but could also be adapted for
outdoors. In the meantime, students worked on their own activities with the science backpack
in their free time. Each student was given a science backpack to take home for a week. In their
free time, they researched on their own or with the help of their parents. They used the pre-
made card materials to help them with their activities, or they could invent something
completely new. At the end of their exploration, they had the task of writing their data in a
science diary, which was also carried in their backpacks. Students from elementary school
Spodnja Siska had the same task with science backpack.

Later in the year, the lower secondary school students put together activities in the forest with
the help of teachers and project partners. In the forest, they used an app to check which tree
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species are present, which microhabitats are on the tree species and how important the forest
is for water erosion.

Figure 7. Students exploring wind erosion.

Figure 8. Students learning about economic value of forest.

For the multiplying event, the school Smartno pod Smarno goro organised the opening event of
Marteloscope on 16t of April 2024. The event was attended by approximately 25 participants
that included the project partners, experts from OSC partnerships as well as a representative of
the Slovenian National Institute of Education. Slovenian students presented activities such as
the introduction of different tree species in Marteloscope, microhabitats of trees and the
importance of the forest for water erosion.

Students from primary school Spodnja Sidka organised activities for the younger students of first
grade on 18t of April 2024, which they had previously developed as part of the science backpack
diaries —e.g. dyeing textiles with natural dyes, presentation of materials in the science backpack,
making homemade herbal spread and tea from the school garden, “magic" painting with natural
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dyes, different ways of plant propagation, etc. The event was attended by 1%, 2"4 and 3™ graders
and their parents.

Figure 9. Dissemination event for primary school students.

RESULTS AND DISCUSSION

When reviewing the students’ answers in interviews from both TLS (2&3), there is rarely an
explicit interest in science. We attribute it to the fact that many of the groups of students who
took part in the project were already more interested in science, as they took part in
extracurricular activities such as school gardening and science club (e.g., “The science club is
usually attended by students who are already interested, and their interest is already very high
to begin with.” Teacher, TLS 3; “I didn't notice it myself, but the teachers pointed out that the
class that was involved in the project was much more science-oriented and interested
afterwards.” Expert, TLS 3). Nevertheless, teachers emphasised that activities helped students
in gaining new knowledge, which closely related to their interest (e.g., “Students were able to
link the knowledge they gain at school to other practical and real-life things. As an example, just
today a student said to me: ‘We have a snail in our garden at home. Why is it that when it starts
to rain there are snails everywhere?’ They are asking different questions, thinking about their
lives at home, making connections.” Teacher, TLS 3). Students expressed interest by learning
outdoors (e.g. “We were in the fresh air, in a different environment - you start to think
differently.” Student, TLS 2; “I think you are more involved than in a normal class. There were
less students involved in the activity than in the normal class and | think that was beneficial, as
well as learning about more specific themes. | also think it was easier to remember information
by just being there, as it was easier to visualize topics, we were discussing.” Student, TLS 2) and
doing research activities in correlation with class activities and science backpack (e.g., “/
personally don't like science very much, but here it was interesting because we were researching.
We were also able to try out what we were learning at school at home.” Student, TLS 3; “/ think
it was nice that we had a chance to have time to explore by ourselves (using telescopes), so we
were able to focus on the things, we enjoyed.” Student, TLS 2). In particular, students pointed
out that they had the opportunity to work independently, which they liked very much (e.g., It
was interesting because we could create and explore on our own.” Student, TLS 3). The number
and variety of acitivities reported in science backpack diaries also showed their interest in
science. Our data indicates that the students’ interest was maintained even after the visit (e.g.,
“I was surprised by the response from parents. How happy they were, and the Parent Council
even wrote me a letter and gave me an award for working with their students.” Expert, TLS 3).
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Students’ self-efficacy was mainly increased by giving them responsibility in planned activities.
The primary and lower secondary school students were proud when they were in role of a
teacher and presented results to others in multiplying event (e.g., “/ was amazed at the students’
poise in explaining the activities to people both younger and older than themselves.” Teacher,
TLS 3). Lower secondary school group of students even presented in English their results, which
gave them an extra positive boost and self-confidence (e.g., “I really liked that presentation in
the forest, when we spoke English.” Student, TLS 3). However, some of the students expressed,
that being in the role of multiplier has challenges (e.g., “At the event itself, we also learned how
difficult it is to be in the role of a teacher. Nobody wanted to listen to us, we ran out of supplies,
so we had to make tea again.”, Student, TLS 3). In our general observation of multiplying event
and nonformal discussion with teachers, we noticed that some students liked more the role of
researcher in the project and some of the presenter of results (e.g., “To explain in English to
others. We were a bit shaky, but it was good because we had the feeling that we were explaining
something that adults don't know.” Student, TLS 3).

Career awareness was particularly emphasised in TLS 2, where upper secondary school students
met various experts in the field of natural sciences. They were introduced to different job
opportunities that they had not previously known (e.g., “Now we've learned about the
possibilities of what you can become as a biologist, using a concrete example. It's not just lab
work or schoolwork.” Student, TLS 2; “I have gained some courage because | have noticed that
there are older scientists who are standing up for us young people. | was convinced before that
it was a closed circle. They have given us an insight for the future.” Student, TLS 2) and have
discovered different purposes of scientific career (e.g., “The experts showed us how science
enriches our lives, not only what is expected to do in our job, but this is also our passion, that we
think about after work, because it makes us happy. They showed us an aspect that is otherwise
hard to recognise in society.”, Student TLS 2; “What | liked most about the expert was to see how
interested she was in this area and how she explained it with a sparkle in her eyes. She
encouraged me to pursue a career.” Student, TLS 2)

However, career awareness was expressed differently by younger students from TLS 3. Some
became more curious about scientific careers (e.g., “One boy came up to me and told me that
he was going to be a biologist one day because of me.” Expert, TLS 3; “But | became more
interested. | want to become a science teacher or a natural scientist.” Student, TLS 3), others not
so much (e.g., “Not exactly. | see science more as a hobby, as an afternoon activity. | want to be
an actress.” — Student, TLS 3), which may be age-related (e.g., “It seems to me that the older
students ask for careers information. They would work what mum works, auntie etc. Quite a lot
of female students wants to become teachers - but unfortunately that usually changes, when
they get older.” Teacher, TLS 3).

Students’ critical thinking and argumentation fostered through interaction with science experts
and direct experiences with decision-making; thought processes associated with the experts’
jobs (e.g., “But | found it interesting how many factors biologists must take into account in a
semi-natural reserve - for e.q., how many plants are needed in a specific area for the system to
work. What kind of cattle can they add to make sure the system doesn't collapse.” Student, TLS
2).

In a addition, an important aspect was recognised by experts, that students became more
collaborative and inclusive during the outdoor activities (e.g., “I noticed that the pupils were
much more connected in nature. It was also more inclusive towards children with special needs.
Here it turned out that they were very praised, and the children's attitudes also improved and
became more connected.” Expert, TLS 3).
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Working outdoors and planning excursions involve many challenges such as time availability
(e.g., “Coordinating dates - schools have a pretty limited timeframe, but we are quite flexible. It
would be better if we knew the dates of the activities a little more in advance.” Expert, TLS 2)
and unpredictable weather conditions (e.g., “Today, being in the forest with so many children,
when a storm comes, you have nowhere to hide. With weather conditions worsening due to
global change, this has become an even bigger factor in recent years.” Expert, TLS 3; “The
weather was an obstacle to setting up the marteloscope. We worked in winter, when it was cold
and wet.” Expert, TLS 3).

Science experts identified challenge in communication with younger students, because of their
lack in pedagogical experiences (e.g., “We have a lot of knowledge, but we don't have a lot of
knowledge about how to give that information - so we would benefit from that.” Expert, TLS 2;
“We would also like to receive some training in terms of teaching.” Expert, TLS 3). They expressed
the need for additional educational training, as well to provide them some didactic material and
to orient experts towards a more entertaining and comprehensible way of presenting scientific
topics to the students (e.g., “Also some training on communication with students (and adults),
meeting guides from other protected areas to share ideas and experiences - we can all be better
that way.” Expert, TLS 2).

Experts also pointed out that there should be some fundings for “keeping project alive”, even
after project has officially ended (e.g., “To have the funds, to keep it running beyond the end of
the project.” Expert, TLS 3) as well as to support informal educational providers (e.g., “Certainly
financially. | have my own institution; | am always grateful for any material | receive or
contributions.” Expert, TLS 3).

1. Successful approaches

Fostering interest

e Use authentic materials and activities

e Leave the classroom and learn outdoors

e Enable hands-on experiences

e Link the themes/topics and activities to the students’ everyday lives

Fostering self-efficacy

e Taking on the role of researcher

e Taking on the role of teacher/multiplier

e Learner-centred approach

e Allow the students to work autonomously while offering support when needed
e Give students responsibility

e Give students the opportunity to share their knowledge with others

Fostering career-awareness
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Let students and experts from different fields work together
Experiencing how experts work — be an expert for a day

2. Challenges

- It is important for teachers to be recognised for their work on international
projects such as Multipliers project in order to be promoted to higher pedagogical
titles.

- Enable long-term funding and planning for collaboration between schools and
researchers.

- The workload of teachers limits the implementation of innovative teaching
strategies and approaches such as those promoted by the Multipliers project.

- Implementation of project activities in the school curriculum is limited (e.g.
teachers are required to follow a large number of learning objectives in the curricula
and therefore have little scope for independent implementation of long-term
project-based activities).
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COUNTRY REPORT 2 (T5.3) - SPAIN

INTRODUCTION

This country report presents findings and conclusions from Phases 1, 2 and 3 of the two
Teaching-Learning Sequences (TLS) in WP5 in Spain. In the first TLS of this work package (=TLS
2), primary school students worked together with the OSC members on the theme of Air
Pollution. In the second TLS (=TLS 3), the theme of Antimicrobial Resistance was the focus of the
activities in which students from five upper secondary school collaborated with science experts
in microbiology.

Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)

Context description (MULTIPLIERS TLS 2: AIR POLLUTION)

Theme Air Pollution

Country Spain

OSC-stakeholders Teachers, Students, Professional Scientist in Epidemiology from
involved ISGlobal, Researchers in science education from UAB

Student age group 10-12 years

Number of schools/ 1 school (Primary school, Escola Tecnos)/ 3 teachers / 2 classes

teachers/classes/students | / 50 students

Time period devoted to 0SS (= phase 2):

the Open-school science e experts coming to the school once for about 2 hours.
learning project (days,
weeks, months)

Sites

Target group in Phase 3 Other students and families of the primary school students

For the second implementation round (TLS 2), UAB decided to work on the theme of Air Pollution
to adapt lessons learned during the first implementation round to the new context of primary
school. Air pollution has been identified as a leading environmental risk factor according to the
World Health Organization (WHO, 2021). This risk is especially prevalent in urban areas like
Barcelona due to traffic (Criado et al., 2022; ISGlobal, 2021). Research has shown that exposure
to pollution not only impacts respiratory health but also cognitive functions, such as working
memory, and increases cardiovascular risks (Basagafia, 2018; Thurston et al., 2017). Addressing
these issues in schools is crucial to promote scientific literacy and responsible citizenship (OECD,
2020). By engaging with this urgent matter, students can actively participate in improving air
quality through data collection, analysis, and discussions with health experts, scientists, and
policymakers.

Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)
Context description (MULTIPLIERS TLS 3: ARM)

Theme Antimicrobial Resistance

Country Spain

OSC-stakeholders Teachers, Researchers in ARM from the Microbiology
involved department of UAB and ISGlobal, Science Communicators from

ISGlobal, providers of teachers’ resources, Laboratory
Technicians from UAB and Researchers in Science education

Student age group 14-16 years
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Number of schools/ 5 school (Secondary school, Escola Tecnos, INS Narcisa Freixas,
teachers/classes/students | INS Feixas, INS Ca n’Oriac, Vedruna Gracia)/ 10 teachers / 9
classes / 230 students

Time period devoted to 0SS (= phase 2 and 3): Students have been involved ina 12 to
the Open-school science | 30-hours’ time TLS (depending on school characteristics and

learning project (days, time/calendar limitations). Each school received a 2 hours visit
weeks, months) of a professional scientist from Microbiology-UAB or ISGlobal
who introduced students’ to professional research in the field
Sites e English Version:
e Original Language Version (Catalan):

https://sites.google.com/view/v2-0scl-
cat/resist%C3%A8ncia-antimicrobiana/inici?authuser=0
Target group in Phase 3 Other students in their secondary schools and
families/neighbours of the participating students’

For the third implementation round (TLS 3), UAB has worked on the theme of Antimicrobial
Resistance (ARM). This topic has been identified as a crucial global challenge with a relevant
impact recognized also by the Spanish government who pointed out ARM as a priority. This
phenomenon occurs when microorganisms become resistant to antimicrobial treatments,
making infection control more difficult and increasing the risk of outbreaks. To limit its impact
in citizens’ health and well-being it is essential to promote citizens’ literacy on the topic that can
guide responsible personal actions. Examples are regular handwashing, a responsible use and
disposal antibiotics, etc. This education not only contributes to the students’ development as
informed and responsible citizens but also enhances their ability to make healthy personal
decisions in a global context.

METHODS

AIR POLLUTION

TLS 2: Phase 1

This TLS was planned based on both: the previous implementation of the air pollution teaching
and learning sequence (TLS) in the Multipliers project for 13-15 years old students and other TLS
on the same topic developed on previous national projects for the same target group (Tena et
al, 2022). Considering that, a new adapted version of a TLS on the topic of air pollution was
developed for the 10-12-years-old students for the Multipliers project.

In this sense, the Multipliers version of the TLS on the air pollution for 10-12-years-old students
was initially planned by researchers in science education of UAB based on their previous
experience designing resources on this topic and the didactical research undertaken. This first
TLS was evaluated by the primary school teachers of Tecnos school, who asked for some extra
activities regarding the nature of a scientific inquiry process that was conducted by a scientist at
the school in February 2024.

TLS 2: Phase 2

Similarly with the air pollution TLS for the secondary school, primary school students started the
TLS by thinking about how they imagine clean and polluted air when seen with the naked eye
and with a magnifier.

After expressing their own initial ideas about what both air and pollution are, students started
to think about sources of pollution in their context. To do so, firstly they were asked to think
about what elements from a fictional city pollute the air, and also identify what other elements
could help to reduce air pollution. Second, a real graphic of the main air pollution sources in the


https://sites.google.com/view/v2-osc1-cat/resist%C3%A8ncia-antimicrobiana/inici?authuser=0
https://sites.google.com/view/v2-osc1-cat/resist%C3%A8ncia-antimicrobiana/inici?authuser=0

MUL*IPLIERS

city of Barcelona was shown. On the graph, students identified that port activities and street
traffic were responsible for the 89% of the pollution in the city due to particulate matter.
Considering that, they hypothesized what are the main sources of pollution in the city of their
school (Terrassa) where there is not a port.

Then, a scientist on air pollution visits the students in the school and involved them in the “Black
box” activity to build ideas on how scientist make research in general. To answer that question,
students received from the expert a box that could not be opened, but that contains different
elements and mechanisms inside. Then the scientist challenge students to know what it is inside
without open the box and only using the “resources” they had (e.g. their senses, rulers, balances,
magnets and so on). For each of the ideas on what it is inside, students also need to express how
they knew that. The activity promoted that students’ make observations and hypothesis,
collected data and discussed their ideas in a similar way as scientist do. At the end of the activity,
the scientist posted the following challenge to the students: “Is your school air polluted? What
evidences would you need to gather to answer the question?”

Following the given challenge, students started to design and carry out their own experiments
to know more information about air pollution in the school. To do so, some scaffolding tools
were given to them to support the processes of both designing an experiment and doing it,
including data gathering and analysis. After that, students had a set of results and conclusions
about which were the particular times and places with more pollution in their school.

To make the students aware of the effects of air pollution on human health, they identified some
human body characteristics, such as the noise hair and mucus, as useful barriers to avoid the
penetration of particulate matter in the human body. As part of the activity, students also
identified that our body is not able to stop the entrance in the body of all the polluted particles
that are suspended in the air, which means that the smaller particles could enter in the blood
circulation causing a lot of problems to us.

At the end of the TLS, students represented their final ideas about clean and polluted air seeing
with the naked eye and a magnifier; then, they compare their initial and final ideas being aware
on what are the main ideas build.
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Figure 1. “Black boxes” material used by the scientific team to share some ideas about how science works with
the primary school students.

i R

Figure 2. Students enga

Students from the Tecnos school, after working on air pollution ideas and getting their results
from their own research on air pollution in their own school, thought on solutions to the
problem. Their ideas were shared with other schoolmates and their families. As part of the
sharing process they decided to explain others the research they did, the results obtained about
the pollution in their school, and the solutions they prototype to improve the situation.
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ANTIMICROBIAL RESISTANCE

Although all the participating science teachers were aware of the relevance of ARM problematic,
only very few of them had previously introduced ARM in their classes of compulsory secondary
school education. Based on their experience and considering the curricular restrictions, for the
Multipliers project it was decided to develop a TLS for 14-15-years-old students.
The ARM TLS was co-created with the different Barcelona OSC members who were interested
on this topic (and who are different from the Air Pollution OSC previously created). Specifically.
this thrid implementation round has involved:
» secondary school teachers from 5 different schools and with different backgrounds (e.g.
Biologist, microbiologist, physicist, chemical and environmentalists),
e scientific experts on the topic of antimicrobial resistance from the microbiology
department at UAB,
e experts in teaching support and resources from the CESIRE (administration),
e experts on science communication and media from ISGlobal
e experts on science education research from the UAB
However, not all the OSC members were involved at the same level of depth in this cocreation
process. In this sense, the school science researchers from UAB created a first version of the TLS
that was discussed and improved first with participating teachers and later with scientists
following iterative cycles of evaluation and redesign until the obtention of the final TLS that was
implemented in the five participating secondary schools.

Figure 3. 0SC members participating in one of the desing meetings of the TLS on the ARM.

Following a similar structure than both TLS on air pollution, the TLS was divided into three main
blocs, each of them guided by three relevant and usually misunderstood questions on the ARM
issues: 1) Why doctors do not always prescribed me antibiotics when | have an infection?; 2)
How do we know that bacteria are living beings?; 3) What happens when we use antibiotics
without control?. To answer these questions, different model-based inquiry activities were
developed.

Specifically, on the first bloc students received 5 different fictional medical histories in which
they could identify some symptoms of the patient, the medical test that was done (if any), the
medical prescription, and the self-medication actions undertaken (if any). In this sense, all the
cases also included some incorrect actions that were done by the patients in relation with the
use of antibiotics. As an example, a patient decided to take antibiotics without prescription,
someone decided to stop taking antibiotic without finishing his treatment and so on... After
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reading the stories, students in groups were involved in activities for each of the three main
aspects they should take into account in order to decide if the patients acted adequately. First,
activities focused on studying the symptoms, analysing what symptoms indicate that our body
is defending itself from an external agent and what are symptoms from the agent itself. After
that, students reflected about which kind of microorganism could cause the illness, analysing to
what family of microorganisms does each one belong to, and what are the main characteristics
of this family of microorganisms. Finally, regarding the treatments, they needed to think on the
treatment prescribed by the medical team and the self-medication alternative, analysing the
main effect of the prescribed medicines and how the medicines can cause this effect when
interacting with a particular microorganism.

The second bloc, which is focused on the idea that bacteria are living things, started with one
medical case, similar to previous ones, in which a patient who has a urinary infection caused by
e-colli had not been cured after using rightly the prescribed antibiotics. Because of that, it was
decided to make a different test to identify both the causing pathogen (e-colli bacteria) and the
effect of different medicines on this particular bacteria (to know if they were resistant to certain
treatments). The presented test was an antibiotic sensitivity test that the students needed to
observe and interpret, identifying to what medicines were the bacteria resistant and which of
them were effective. After that, students had been involved in an experimental activity where
they simulate an antibiotic sensitivity testing by inoculating a non-pathogenic bacterium
(Serratia marcescens) onto a plate with a suitable growth medium. Then they placed absorbent
paper mini-disks previously dipped in various substances, such as iodine, that may inhibit
bacterial growth. After allowing the bacteria to grow, students observed and interpreted which
of the substances used act like antibiotics by limiting the bacteria growth, and which had no
effect on the bacteria's proliferation.

In the last block, which is focused on the mechanism of antimicrobial resistance, students use a
dice game to simulate how different conditions of the environment (presence or absence of
medicines) and replication (e.g. presence or absence of resistant mutations) affect the growth
of the bacteria. In the game each bacteria was represented by a dice, conditions were explicitly
indicated in the game board and the type of mutation was aleatorily appearing with chance
cards. In the first round of the game/ simulation, where the bacteria growth were simulated in
ideal conditions without mutations and without antibiotics in the environment, students
observed that each dice doubled by the next round, which means that bacterial colonies grow
exponentially along time. In the second round, where mutations were possible, but no
antibiotics were yet introduced, students saw that various mutations (such as colour and
antibiotic resistance) can occur randomly and have effects, changing the existing bacteria
(represented by dices of new colours). In the third and final round, and upon introducing
antibiotics into the environment, students could observe the differing behaviours (growth and
death) of resistant bacteria compared to those that were not resistant. The game showed that
even though the emerge of resistant bacteria happens randomly, one there are antibiotics
present they are the ones that are able to grow while other die.
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Figure 4 & 5. Students analysing in groups one of the medical cases at the beginning of the TLS.

Figure 6. Some results obtained by the students in the
experiment where they want to know what substances
limit and promote the bacterial growing.

Figure 7. Simulation game used by the students to
understand ideas such as the random mutation in the
bacterial DNA, the natural selection related with the

emergence of the medicines.

For their multiplying event, two different actions were done.

On the one hand, students from one of the participating schools decided to reproduce one of
the ideas about the rate of reproduction of bacteria build on the TLS to start an email
communication campaign. As part of them, an email message was created and send from one
student to two other ones, emulating the fact that each 20 minutes one e-coli bacteria is
reproduced by binary fission and two e-coli bacteria are obtained. The message included some
ideas from the ARM topic but also the instruction that, after 20 minutes, each email needs to be
sent to other two colleagues within the school and so on. After a day of using this strategy,
students collected how many students from their school had received the message to visualize
how fast a bacterial resistance could be expanded.

On the other hand, some of the students of the project and their teachers will be involved in an
“ARM Day” at University Autonomous of Barcelona. This will be a half-day event where the
students will visit a real microbiology lab of some of the OSC professional scientists on ARM.
Additionally, as part of this event students will participate in a workshop about strategies to
disseminate their knowledge in ARM which is also conducted by the OSC members experts in
science communication. The workshop will include both some tips regarding how to
communicate scientific ideas to the public, and the design of one communication product that
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helps them to talk to family and friends about ARM. After the session, they will be encouraged
to disseminate the knowledge on ARM first between their classmates and then in their families,
and document this sending us evidences of these exchanging events and conversations.

RESULTS AND DISCUSSION

Examples of successful methodological activities and approaches

Considering the teachers’ viewpoint, the most powerful strategy to increase the student
interest, self-efficacy and career awareness is to promote the contact of the students with real
experts on the topic of the study. (e.g. “Of course to receive external visits and lectures from
experts who have a close contact with the issue and that came to the school and could explain
how they work... is something really powerful for the students with a lot of impact on them. At
the end of the day, you are their teacher and one day you explain ARM and the following day
another thing” Teacher 3, TLS3-; “To visit professional labs where scientist are working is
something that students usually remember even long after” Teacher 2, TLS3). However, as it has
been highlighted next in the report, this aspect has also been identified as the main challenge
of the project.

Apart from the previous one, other strategies have also been underlined by both teachers and
students as interesting to promote students’ interest, engagement and self-efficacy in science.
On the one hand, it has been pointed out the relevance of involving students in a model-based
inquiry process in which students’ participate in scientific practices. In both TLS (2 & 3) students
had to design and carry out an open research that helped them to build interesting ideas
regarding air pollution and ARM respectively. (“Regarding the interest, every time you involve
students in a manipulative task where they can elaborate something you can see that they were
engaged in the task” Teacher 2, TLS 3; “The experimental part was fascinating and engaging for
the students because they understood what they did. Usually the experimental part is a protocol
to follow but in [this] TLS they needed to predict and justified the prediction before carrying out
the experiment... in addition the experiment was easy to understand for them, at the end of the
day they are feeding bacteria, and the obtained results were both astonishing but at the same
time easy to interpret” Teacher 1, TLS3). Students themselves also recognise the importance of
this participation in open research ("We have conducted research on bacteria and other things
related to them, such as antimicrobial resistance, bacterial colonies, and the halo. We have also
done a very interesting practical and theoretical work on these topics.” 15-years-old student, TLS
3). Teachers also pointed out that this kind of activities were specially powerful when they had
the resources to organise them in small groups (“We are really happy with the experimental part
of the TLS, it was really interesting for the students because those days we split them in smaller
groups, and | was able to discuss in a closer way the results. In addition, it was really useful for
them to know what is an antibiotic sensitivity testing, and to be aware of the issue.” Teacher.”
TLS3)

On the other hand, another relevant strategy is to include an external demand as part of the TLS
from an institution that is not the school (e.g. a scientist who asked them for evidences about
the air pollution in their school). This seemed to have an especial impact on students’ interest
at the beginning of the TLS even when the demand is not made in person but using videos, clear
logos... (“Students start the project with a lot of interest, and the fact that the documents include
the UAB logo and others was something powerful for their initial motivation” Teacher 1, TLS3).

Additionally, the use of recognised global challenges that are closely connected with their life
such as the ARM or Air Pollution and build the scientific relevant ideas according to that (e.g.



MUL*IPLIERS

the difference between viruses and bacteria, the natural selection applied to the bacterial
growth and limitations or the idea of gas and air as matter that is made by parts...) have also
been underlined by teachers as interesting strategies to engage students who usually do not
participate in this scientific debates. For instance, a teacher reported one of their students
expressing (“Wait, if it [the ARM issue] is so important and really serious, why don’t we know
earlier in our life?. This is something that everyone needs to know about!” Another teacher
highlighted that “Usually there are few girls who never participate in the class debates and
explain their own ideas, surprisingly today, most of them contributed with their ideas” Teacher
5, TLS2”).

This strategy has also a clear impact on the students’ self-efficacy because they became aware
about their capacity to judge everyday actions regarding the ARM or Air pollution. A very
interesting case a teacher commented was: “After talking about medicines and going in deep
with the idea that antibiotics are not useful for viral diseases, one of the students said: “Wait, |
had a flue, and it is the medicine that my mom gave to me this morning because we do not have
paracetamol at home. | was thinking that both are the same, but they are not. So, it was not a
good decision! This afternoon I’'m going to talk to my mom about this “” 16-years-old-student,
TLS3-. Other examples of self-efficacy are: “This is a TLS where you work on everything related
with the microorganisms that cause infections and antibiotics. [In the TLS] you learn a lot of
things that you were not aware, and you were not known before them”- 15-years-old student,
TLS 3-; “[In the TLS] we talked about the relevance of knowing that bacteria can become a really
big issue, and we need to know how to act to confront this situation” -15-years-old student, TLS
3-).

Regarding the students’ career awareness, the strategy that was pointed out as interesting is to
involve students in activities where they should act as professionals in a particular area. In this
sense, for example, the activity where students acted as doctors reading the medical history, or
the activity where they acted as laboratory technicians by inoculating bacteria in a specific
growing medium. These activities promoted that students and their teachers talked about
different professional profiles who are related with the ARM. (e.g. “When the students were
involved in ese activities, they usually ask: who is the professional responsible about? Is a doctor,
a person who works in a laboratory...?” Teacher 2, TLS 3)

Beyond the impact on the students, the interviewed teachers also declared important impacts
of the Multipliers project on them as science teachers. On the one hand, they underline that
being part of a group of different teachers from different schools who are doing the same
education project more or less at the same time, and being able to talk about the identified
students’ difficulties and so on, has had an impact on their interest and self-efficacy (“to know
that other teachers were doing the same activities as we, and that they had the same problems
and difficulties, encourages you” Teacher 3, TLS 3; “Then, to have the opportunity of sharing with
others and say: this [activity] works amazing in my class, this other it was not that successful, |
included this video in my TLS... when you are all working in the school on the same topic, is a
really enriching experience”, Teacher 2, TLS 3).

Secondly, they also pointed out the relevance of being part of an OSC who is involved in the
design of the TLS because this helped them to feel more confident on the aim and type of the
activities (“the plus that have this way of working [participating in the design process with other
members] in comparison with other TLS that you found on the internet, but in which you are not
part of the design process, is that sometimes is difficult for you to interpret specifically what is
the intention of one activity, what was expected from the experiment or what are exactly the
concepts behind it... The fact that we were able to participate since the beginning in the design
process analysing the ideas to include, evaluating the different sketches of the TLS and discussing
how to improve them have a high impact.” Teacher 2, TLS3).
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In addition, participant teacher highlighted the close contact not only with professional
scientists from research centres, but also with science education researchers who are aware of
both the science content but also the school reality. For them this was something that made the
TLS a high quality one and more trustworthy than others (“To work with science education
researchers who are thinking and working on the development of a TLS makes it more
trustworthy for me” Teacher 3, TLS 3).

The main aspect underlined by all the OSC members as a problem was the establishment of an
in-person contact between the students’ and the professional scientist. In this sense, teachers
and professionals interviewed declared that timings/calendar and scale (people) for both
schools and laboratories/ universities are different and, sometimes, there is a very tiny overlap.
This produces that, in some cases, the personal contact is very difficult or only available for
certain schools or a reduced number of students. Moreover, in those cases in which the contact
between students and professional scientist was done, usually students had finished the TLS,
and they are at the moment studying other topics, which makes the visit less interesting and
powerful for them.

In most cases, scientists underlined that this kind of visits require a lot of time and economical
effort that is not usually recognised nor economically neither academically by the scientific
institutions (e.g. “We used to do this kind of activities [visits schools], but it is hard for us because
no one recognise them and pay us.” Researcher, TLS 2& 3).

As it has been pointed out previously, despite the difficulties identified, teachers continue
highlighting the external and professional visits as one of the most impactful in the students’
interest, self-efficacy and career awareness (the three dimensions analysed). (“Is in this kind of
contacts [when the experts came to the school or students visit the scientific institutions] when
students ask them on “What sort of research are doing, what did you study...”and then scientist
explain their career and make the process to become scientist closer to the students” Teacher 2,
TLS3).

This underpins the necessity of thinking on creative strategies to both promote and recognise
(economically and academically) this kind of initiatives between the STEM professionals, and
also thinking on strategies where students can “know” experts in more scalable ways, for
example, using videos, 3D visits or on-line teleconfereces... (e.g. “To improve the situation [that
itis difficult to have an in-person contact with experts] we saw a documental on the topic of ARM
where students could see different professionals who are related with the ARM topic, and they
saw different profiles that are related to it” teacher, TLS 3; “Even sometimes the contact could
be online, using the telephone..., during the COVID-19 pandemic we did it, and it is something
that could work when it is difficult to visit them because the security restriction of the
institutions...” Teacher 2, TLS 3).

1. Successful approaches

Fostering students’ interest:
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e Choose relevant problems and challenges linked to students’ everyday lives.

e Allow students to develop their own research questions (open-inquiry).

< Enable model-based inquiry experiences where students’ build scientific explanations
that agree with their own data.

e Put students in contact with different experts.

e Use authentic laboratory materials and samples.

e Use of gamification strategies

e Acknowledge students’ role as multipliers of scientific content to their friends and
family.

Fostering students’ self-efficacy in science learning
» Use of educational resources of didactical quality that start from students’ own ideas.
* Include the same starting and finishing activity to allow students’ to realise how much
they have learned (metacognition).
= Offer scaffolding tools that allow students to work autonomously but in a guided form.
e Give students the opportunity to share their knowledge with others.
= Use of analogical models to facilitate students’ learning opportunities.

Fostering students’ career-awareness
e Make visible the role of different experts in each project (lab technician, researcher, PhD
student, science communicator, expert in education...)
e Visit the experts’ working environments.
e Involve students in the same scientific practices as experts are involved (designing
research questions, gathering data, analysing data, communicating results) ...

2. Challenges

- How to scale these projects: if a close contact between OSC members and the school are to
be the norm, how to arrive to more schools?

- How to continue without the projects’ support? How to have someone organising and
connecting the OSC when there is no project anymore.

- How to incentive the participation of researchers in school-based projects, including the
recognition of science experts’ dissemination activities, payment of travel costs, etc.

- How to reconcile the different rhythms, nature and agendas of research centres and schools,
including the global/local dimensions, the timetable, and calendars, etc.

- How to add authenticity to these projects, when they involve sometimes dangerous
substances, certain risk and safety measures have to be ensured, etc.

- How to really multiply knowledge using students as agents, considering data protection
issues and the limiting access to networks and people they have.
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COUNTRY REPORT 2 (T5.3) - CYPRUS

INTRODUCTION

This country report presents findings and conclusions from Phases 1, 2 and 3 of the two
Teaching-Learning Sequences (TLS) in WP5 in Cyprus. In both TLS of this work package (i.e., TLS
2 and TLS 3), students from two secondary schools that worked together with science experts
on the theme of Antimicrobial Resistance. The teaching and learning activities that constitute
the TLS were co-developed between researchers, teachers and microbiology experts to address
lower secondary students (13-15 years old).

Our decision to adopt Antimicrobial Resistance (AMR) as the overarching theme for all the TLSs
is rooted in its status as a pressing global concern. Cyprus, notably, is among the EU/EEA
countries with the highest consumption of antibiotics (ECDC, 2022). Overwhelming evidence
shows that increased use of antibiotics, over-prescription, and overconsumption are leading to
an increase in resistant bugs (ECDC, 2022). 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. We aimed to sustain our
endeavours in educating students and their families to develop an understanding of the
multifaceted nature of this issue through first-hand experiences with stakeholders. Ultimately,
our purpose is to empower them to make well-informed decisions about the use of antibiotics.

It is noteworthy that the primary distinction between the two TLSs pertains to the curriculum
adopted by the participating schools. Specifically, the school in TLS 2 adheres to the English
curriculum Key Stage 3, where Antimicrobial Resistance (AMR) is integrated into the curriculum
in Year 8. Conversely, the school in TLS follows the national curriculum as instructed by the local
ministry of education, with AMR being introduced in Year 9. Although Phases 1 and 2 differ in
the two TLSs, the open schooling event in Phase 3 which was an awareness-raising campaign for
AMR was common in both TLSs. The common event brought together both schools highlighting
the importance of fighting AMR together.

Table 1. Context Description (MULTIPLIERS Teaching-Learning Sequence 2)
Context description (MULTIPLIERS TLS 2: AMR)

Theme Antimicrobial Resistance

Country Cyprus

OSC-stakeholders Science teachers and 7 experts from the Medical School of the
involved University of Nicosia (expertise in biology, microbiology,

epidemiology, veterinary, internal medicine, infectious diseases,
environmental health, molecular virology).

Student age group 13-14 years

Number of schools/ 1 secondary school (same as TLS 1) / 2 teachers / 4 classes / 94
teachers/classes/students | students

Time period devoted to 0SS (i.e., Phase 2):
the Open-school science | « 8 lessons in class for the toolkit activities (1 lesson=50’)

learning project (days, » 1 visit to the premises of the university (approx. 4 hours)
weeks, months) » 3 weeks after-school hours to develop the projects
Sites University of Nicosia campus

Target group in Phase 3 The general public, students and families, policymakers, doctors,
nurses, industry representatives (e.g., pharmacists and
pharmaceutical companies), community actors, academics, and
teachers.
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Table 2. Context Description (MULTIPLIERS Teaching-Learning Sequence 3)
Context description (MULTIPLIERS TLS 3: AMR)

Theme Antimicrobial Resistance

Country Cyprus

OSC-stakeholders Teachers, 5 experts from the CP. Foodlab (i.e., microbiologists,
involved chemists) and 1 mechanical engineer working at the CYENS.
Student age group 14-15 years

Number of schools/ 1 secondary school / 2 teachers / 1 class / 12 students
teachers/classes/students

Time devoted to the 0SS (i.e., Phase 2):

Open-school science e 5lessonsin class for the toolkit activities (1 lesson=40’)
learning project (days, = One intervention/visit from the CP. Foodlab experts to
weeks, months) school premises (2 lessons).

e 2lessons to visit the CP. Foodlab premises.

e 1lesson to visit the CYENS.

e 2 weeks after-school hours to develop the project.

Sites CP. Foodlab Analysis Laboratory and CYENS Centre of Excellence
Target group in Phase 3 The general public, students and families, policymakers, doctors,
nurses, industry representatives (e.g., pharmacists and
pharmaceutical companies), community actors, academics, and
teachers.

METHODS

AMR TLS 2

TLS 2: Phase 1

This TLS was initially planned between UCY researchers, two science teachers, and seven experts
from the Medical School of the University of Nicosia (UNIC). Initially, the UCY researchers and
the science teachers delineated the timeline of the TLS and discussed potential revisions to the
toolkit activities, drawing insights from TLS 1, during five hourly meetings and through email
correspondence. Then, over four hourly online meetings and weekly email exchanges, UCY
researchers and experts from the university planned a one-day visit to the university campus.

TLS 2: Phase 2

The TLS was integrated into the teaching unit ‘Microbes and Diseases’. The implementation of
the toolkit activities spanned six months, incorporating designated break periods such as the
Christmas holidays, and half-term, as well as time allocated for catching up with the teaching of
other curriculum units. This timeframe enabled the students to spend time after school to
complete their projects.

Starting in October ‘23, the teachers built on previous knowledge about bacteria to introduce
and contextualise AMR. Continuously, the students explored the issue of AMR in stakeholder
groups (i.e., pharmacists, policymakers, farmers, patients, academia, media) using authentic
media and evaluated the information retrieved from the sources using the TAAP test (Time-
Authority-Accuracy-Purpose test, adjusted version of CRAAP test). Each stakeholder group
presented its stake in AMR in class based on the information from the media. This led to the
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introduction of argumentation. The students were called to identify arguments and engaged in
alively debate about using tap or bottled water. Then, they were instructed on how to formulate
strong arguments using a rubric. The students in pairs used Google documents to write their
arguments based on the authentic media from the previous activity and other sources online
using the TAAP test to evaluate credibility. UCY researchers provided feedback to the students
for revisions. This exercise guided the students to prepare for a debate within their stakeholder
groups on the topic ‘Should we ban the use of antibiotics for disease prevention?’. All classes
performed the debate and it is important to highlight that one multipliers student from TLS 1
acted as a facilitator in one class. The debate was the final activity in class before the interaction
with the experts.

Before the visit, the teachers discussed with the students the purpose of the visit and the
different roles of the experts thus making connections to the toolkit activities completed. The
students prepared for the visit by formulating a set of diverse questions for interviewing the
experts (e.g., educational background and studies, hobbies and interests, career trajectory,
relevance with AMR, the importance of AMR) and assigning roles, such as interviewers and note-
takers, among themselves.

In December, the students had a four-hour visit to the university campus where they engaged
in authentic activities and scientific practices in rotation. The Dean of UNIC Medical School
welcomed the students with an inspiring talk about the Open Science Community’s mission to
collaboratively raise awareness about AMR as well as the importance of cultivating scientific
skills and taking informed action. Then the Assistant Professor of Epidemiology, and the
coordinator of this endeavour at UNIC, introduced the students to the day’s agenda as presented
below:

1: Microbiology Laboratory

The Associate Professor of Microbiology and her lab assistants
guided students through hands-on experiences, including
antibiogram analysis, bacterial culture observation, and a disk
diffusion test to evaluate antibiotic effectiveness. The session also
involved culturing bacteria found on their hands.

Figure 1. Bacteria culture from microbes
found on students' hands.

2: Simulated patient consultation

The Clinical Associate Professor of Internal Medicine and Infectious
Diseases performed a role-play where students witnessed a patient
with flu symptoms requesting antibiotics persistently. This was
followed by a discussion about the prudent use of antibiotics and
the dangers of misuse.

Figure 2. Role-play between the Professor
and a simulated patient.

3: One-health session

The Associate Professor of Microbiology, and the Clinical Assistant Professor of Veterinary
Medicine and Surgery, introduced the One Health approach. Students explored the
interconnectedness of bacteria growth, the spread of AMR from animals to humans, and the
environment while watching videos that sparked discussions on preventive measures.

4: Meet the expert
Students interviewed the Professor of Microbiology/Molecular Virology, the Associate Professor
of Family Medicine, and the Assistant Professor of Environmental Health. The students gained
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insights into their daily routines, hobbies, career trajectories, reasons they chose to be scientists
and their role in society, and perspectives on AMR based on a set of questions they prepared
before the visit. The experts shared valuable insights into their career paths, personal
experiences, challenges, and successes, offering a realistic view of a scientist’s life, and giving
advice to the new generation. After the visit, the students who took notes prepared short profile
cards.
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Figure 3. Group photo of the students, the experts and the researcher at the end of the school visit.

After the Christmas holidays, the teachers presented students with their mission to start an
awareness-raising campaign about AMR consisting of different projects. The teachers gave the
students to make a project of their choice (e.g., rap songs, posters, flyers, video interviews, audio
interviews, posters displaying the profile of the experts, design for T-shirts, etc.). The
development of the projects was extended over three weeks. The students used Microsoft One
Drive to upload their projects and UCY researchers monitored this process providing feedback.
By the end of March ’24, the students finalised their projects based on the feedback received.

The open science schooling event was an awareness-raising e+ o,
campaign about AMR on April 7t at the Mall of Cyprus located in -',: o ‘.

Nicosia, the capital of the country. During the first week of April, the FIGHTING
students attended a mini-training (one lesson) by the UCY researcher ANTIMICROBIAL RESISTANCE

on how to act as a knowledge multiplier presenting their projects on TOGETHER

the day of the open schooling event. C"“w*"”“"‘

The students warmly welcomed visitors with informative materials

and games they had prepared including small quizzes, informative E7/0sf24  D15:00-18:00
. . PR Q MALL OF CYPRUS

flyers, digital games, modeling activities, memory games, and oo o
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Figure 4. Announcment flyer for the OSS event.
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Figure 6. A group picture with some of the students and stakeholders acting as knowledge multipliers during the AMR awareness-raising campaign.

The event brought together various experts to deepen our understanding of different
aspects of the AMR problem. Specifically, chemists and microbiologists from the CP.
Foodlab laboratory focused on the use of antibiotics in resistant and non-resistant
microbes. The InSSTER research center, in the context of the European program ICSE
Factory, emphasised the proper disposal of pharmaceutical waste through a board
game. Health professionals from the Infection Control Nursing Branch of the Cyprus
Nurses and Midwives Association (MAXYNM) highlighted the importance of hand
hygiene. Academics from the Cyprus Epidemiology and Public Health Association
(CyEPHA) and the Medical School of the University of Nicosia, with backgrounds in
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medicine, epidemiology and microbiology, were interviewed by students, addressing
questions about their efforts in combating antimicrobial resistance and their
professional background. The event underscored the importance of raising awareness
of AMR through enjoyable activities as a key tool in the fight against AMR, fostering
collaboration among different stakeholders.
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Figure 7. Students interviewing experts from the Medical School of the Univ'e}si‘tﬂl"of Nicosia and CP. Foodlab.
Figure 8. Board game about the disposal of pharmaceutical waste developed by INSSTER.
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Figure 9. Students posing with their AMR photo frame.
Figure 10. The representatives of TAZYNM and the CP. Foodlab with their activities.

AMR TLS 3

This TLS was initially planned between UCY researchers, one biology teacher, and two experts
from the CP. Foodlab. Initially, the UCY researcher and the biology teacher adapted the toolkit
activities to align with the national curriculum through three meetings and weekly email
exchanges. For instance, concerning the first toolkit activity, a new list of authentic media was
incorporated in Greek, and direct links to the course book were established to facilitate the
integration of the toolkit activities. The interaction with the experts from the CP. Foodlab in
school and at the laboratory facilities was planned over two face-to-face meetings and several
email conversations. Then visit to the CYENS was planned during Phase 2 to facilitate the
development of the OSS project. The meeting was arranged between the UCY researcher and
the CYENS mechanical engineer over an online meeting and several email exchanges.

=
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This TLS was integrated into the teaching unit of ‘Discovering the world of microbes’. Similarly
to TLS 2, the implementation of the toolkit activities spanned six months, incorporating
designated break periods such as the Christmas holidays, as well as time allocated for catching
up with the teaching of other curriculum units. This timeframe enabled the students to spend
time after school to complete their projects.

It is worth noting that due to time constraints, the biology teacher made a selection of activities
to be implemented. Unlike TLS 2, this TLS focused on reading authentic media and evaluating
using the TAAP test, authentic learning over three meetings with the experts, and the
development of a big OSS project, that was a board game about AMR.

Before the implementation of the first toolkit activity, the students were equipped with basic
knowledge about microbes, types of microbes, spread of disease and prevention, bacteria, and
antibiotics. As part of the national curriculum, the students were also engaged in experiments
to observe how bacteria can or cannot spread (e.g., observing the bacterial growth in fruits
under different conditions and observing the bacterial growth by taking samples from students’
hands washed and unwashed).

Hence, starting in November ‘23, building on previous knowledge, the biology teacher
introduced AMR and prompted the students to explore this issue in stakeholder groups by
reading and evaluating the authentic media. At the end of this activity, each stakeholder group
presented its stake in class.

The next two lessons at school were coordinated by the two experts from the CP. Foobdlab
focusing on microbes and food safety. The experts did a short introduction to microorganisms
and the parameters that affect their presence and growth in food. Then the students were given
sealed petri dishes with E.Coli in different substrates for observation and the experts walked
them through the screening process (analysis). The students were also given ready-made
substrates for screening and had the opportunity to see actual samples in the various stages of
analysis.

PSR

Figure 11. The students practice the screening process. Figure 12. The substrates for screening.

Then the experts focused on the transfer of micro-organisms to food due to poor hygiene using
arecentincident posted on social media about food poisoning due to E-coli occurred at a famous
pizza place. This triggered the students to brainstorm and come up with ideas about what caused
the infection. This led to the final activity where the the students observed their hands under a
UV lamp. Following this, they added a special fluorescent cream to their hands to observe the
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spots where the bacteria remained even after washing with soap. The main objective was to
recognize temperature as the most important factor in the growth of bacteria and to understand
the ease with which various bacteria can be transferred from our hands to food if we do not
follow basic hygiene rules.

3\
Figure 13. The student puts fluorescent cream on her hands and observes microbes under the UV light.

During these lessons, the students interacted with the experts on a more personal level asking
guestions related to their everyday routine at the lab and hobbies.

Following the experts’ visit, the students started brainstorming and decided to make some
posters in English class and also design and develop a board game in the context of AMR similar
to Monopoly.

First, they looked at existing board games for inspiration and the components of the board game
(e.g., tokens, cards, board). Then they defined the game rules and started designing prototypes
first on paper and then using Canvas, Word, PowerPoint, and other design apps to create the
cards and board.

After printing the prototype, the students visited the CP. Foodlab to demonstrate their board
game and receive feedback from the experts. This visit was also an opportunity for the students
to learn more about the laboratory. The experts guided the students through the food analysis
processes to identify mucus and water analysis to identify bacteria such as e-coli and
staphylococcus.

In an effort to embrace creativity and arts in sciences as well as raising awareness about other
careers, the UCY researcher arranged a meeting with a mechanical engineer at the CYENS Centre
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of Excellence to 3D-print tokens in the shape of microbes. Hence, the students visited the CYENS
centre, observed the 3D-printing process facilitated by the mechanical engineer, and received
their 3D-printed tokens for their board game.

<A S—

Figure 14. The mechanical engineer at the CYENS explains how the 3D printer works.
Figure 15. The 3D tokens for the board game.

Following the visits, the students revised the board and the components in collaboration with
their teacher, and the UCY researcher wrote the rulebook and finalised the production details.

Age 26
124 PLAYERS

SURVIVAL
GAME

NAIXNIAY

Microbes are everywhere! ) EMBIOENE

Can you survive?

2 Bochus.
3 Medcabocter pyort
N Mycobacterium tubsrcons

Figure 17. The play cards of the board game and the board (right).
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As mentioned above, the open schooling event in Phase 3 was common for both TLS. However,
in this case, the students focused on sharing knowledge about AMR awareness through their
board game.

A IS
B &:

Figure 18. The studehts during the awareness-raising-campaign invited the public to play their board game about AMR.

RESULTS AND DISCUSSION

Considering students’ interest, in both TLSs (2 & 3), the students enjoyed doing science during
the Multipliers’ project. As they claimed, the Multipliers activities differed from what they
usually do in class because they were hands-on, interactive, creative and exciting (e.g., “Science
is fun! It’s my favourite lesson. It's just that this year, especially by doing the MULTIPLIERS
project, it made science from being like 90% my favourite lesson up to 120%! It's interesting, it's
fun, it's engaging! It was more about doing things.”, Student TLS 2; “When we started talking
about arguments, we did the example debate with the tap and bottled water and they were very
excited! At the end of this lesson, one student who is brutally honest said to me ‘Miss this was
actually a very fun lesson!". We managed to make them intrigued, and engaged!”., Teacher 1
TLS 2; “I liked science! It felt that we were not doing a lesson in class because the activities were
interesting and when you have this type of activities you like it more and you learn easier”.,
Student TLS 3).

In accordance with the teachers, students who were keen on science were constantly very
interested and engaged but what is worth highlighting though that even students who were not
interested in science were eventually excited to engage with the activities (e.g., “l would
definitely recommend this project. I've never been invested in science, and this made me very
excited to do this stuff. This is coming from someone who doesn't actually enjoy science as much
as other subjects, and this made me really interested to learn about these things because we also
got to do so many interactive things.”., Student TLS 2; “l wish we could do more and because it's
a really fun way to do science, especially for people who don't like it. It's like you're learning, but
without actually sitting in a classroom and listening to a teacher”., Student TLS 2).
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Students who did not like science took advantage of the freedom that was given to develop their
open schooling projects and were excited to spread awareness in unique ways (e.g., “I had some
students who wrote one rap song. Those students don't really like science. They're usually quite
bored. But when you gave them the opportunity to learn about this topic and then write a rap
song about it because they love music, they were super excited, and they did great! So, using
these different activities that the multipliers project allows us to do, helped gain interest from all
students, not just the science-oriented students.”, Teacher 1 TLS 2; “Now they find biology more
fun”., Teacher TLS 3).

Furthermore, according to the students, the interaction with the experts either in class or during
the visit to their premises or the awareness-raising campaign, in the end, was useful to learn in-
depth about certain science-related careers and also explore new career opportunities (e.g., “It
was interesting to have the professionals one-on-one and to be able to ask them questions about
what they did, even outside of work. They were really open to talk to us about how they got to
their position, how they felt about their job and how the public is taking the news about AMR. |
think it's an experience that even people that don't really enjoy science should really value it
because it's very enlightening!”., Student TLS 2). This first-hand experience with the experts
provided some students with the opportunity to change their perspective about science careers
(e.g., “I had a different picture of science careers. | thought that being a scientist meant being
cooped up in a lab and doing experiments all day which | found very boring, but it has nothing to
do with reality. It is interesting!”, Student TLS 3). Nevertheless, one teacher in TLS 2 claimed that
doing more than one school trip is challenging hence one way to sustain students’ interactions
with experts is to have a series of experts’ visits at school (e.g., “The trip was great, but obviously
there's a huge amount of preparation. You can't do more than one trip, but to provide them with
the opportunity to engage with more stakeholders is good to have a series, three or four weeks,
with one person coming in every week from a different area and talking about AMR within their
area of expertise.”, Teacher 2 TLS 2).

It was indicated that the hands-on activities in both TLSs (e.g., bacteria culture and screening,
observing microbes, developing open schooling projects) facilitated students’ interaction and
increased their self-efficacy in science (e.g., “The activities increased students’ self-efficacy a
thousand percent! This is one of the reasons we try to make our activities hands-on. Learning the
theory differs from hands-on. Hands-on helps someone to understand that he/she can do it and
it’s not in my imagination. Certainly, the interactive activities helped children to understand that
this is something they can do!”, Expert TLS 3). The teachers in TLS 2 argued that even though
some students were not strong academically, they felt confident in spreading awareness about
AMR during the awareness-raising campaign and this was evident in students’ comments as well
(e.g., “Even though they're not doing as great in their tests, they felt confident preparing posters
and flyers and going and talking to the public”, Teacher 1 TLS 2; “The fact that we approached
the people at the mall and questioned them, made us feel more encouraged to continue learning
and going to more people”. Student, TLS 2).

Regarding the development of students’ skills, it was observed that in both TLSs, reading
authentic media and evaluating information using the TAAP test served as a stepping stone for
the students to practice critical thinking skills (e.g., “In the activity with the different articles
they to critically analyze them and filter the information they received and make sure that they
are trustful. | think that that was the most important part of the kind of skill they had
developed”. Teacher TLS 3). Moreover, the students in TLS 2 practised their argumentation skills
through the debate activity and appreciated the opportunity to share their opinion (e.g., “This
was an opportunity to engage with real CER and to break it down and consider how | make a
point and how | support it with evidence. | think they've definitely gained skills. The debate was
really good.”, Teacher 2 TLS 2; “We did learn certain skills better as we used them rather than
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being taught them. Like debating, public speaking where we were given the opportunity to have
an opinion on this matter, our voice was being heard”., Student TLS 2).

It was also argued that the awareness-raising campaign helped the students to develop
collaboration, communication and social skills while preparing the open schooling projects and
then acting as a knowledge multiplier on the day (e.g., ‘I could see how a student presented a
poster in a very confident way, and then again, | could see another student who communicated
with a four-year-old and guided him through understanding and expressing, which is a good
bacterium, which is a bad bacterium, what's the difference. She could easily very comfortably
communicate that knowledge, with not just anyone, but a four-year-old child, and that requires
a lot of skill in that sense.” Expert, TLS 2; “They were very confident to talk to the public at the
mall. | think they got a lot out of it from this aspect. They were able to practice their collaborative
skills, their presentation skills, they had to note things down, take videos so they practice a lot of
their different skills”., Teacher 2 TLS 2). Students in TLS 2 also reported practising their personal
and social responsibility skills while participating in the open schooling event realising their role
in the broader community (e.g., “We felt included in the bigger call, like we're actually part of it,
part of a bigger force helping people that are in need”., Student TLS 2).

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

A major challenge in both TLSs was time restrictions to integrate the toolkit activities in the
curriculum, implement them, and prepare the open schooling event (e.g., “In terms of teaching,
| realize that when you want to do amazing things like this, it takes a little bit longer than just
doing a normal lesson. So, we stay a bit behind with other topics we're supposed to cover. A lot
of the preparation for the open schooling event from my side was done in my free time in the
afternoon”. Teacher 1 TLS 2; “A person like you in that role is the most significant one to how
successful we can be in school especially given the time restraints we have and the amount of
time we have available.” Teacher 2 TLS 2; “l couldn't use a lesson to coordinate the students and
plan the event. So, | had to borrow teaching periods from secondary subjects”., Teacher TLS 3).

Time restrictions also served as an obstacle to collaborating with other teachers and
implementing cross-curricular activities as well (e.g., “It would be nice if we could have more
cross-curricular activities and have other subjects join us so it becomes more of a school effort
rather than just a science subject”. Teacher 1 TLS 2; If the Arts Department was interested, we
could have done more creative activities, but they said they had too many things on hand, which
is quite true”., Teacher TLS 3).

Moreover, it was a challenge to coordinate the schedules for interactions with experts. This
involved aligning the availability of both the experts and the school's schedule to find a mutually
suitable day for the interaction to take place (e.g., “It was very challenging finding a day. We
had to shift the event from mid-November to mid-December. The main barrier was the
availability of rooms for the required number of students. The main barrier was the availability
of rooms for the required number of students”., Expert TLS 2). In TLS 2 during the one-day visit
to the premises of the medical school the students felt disengaged in the activities of the
simulated patient consultation and the one-health approach because they were not actively
involved compared to the other activities (e.g., “I didn't really like the one health session. It was
definitely educational, but it was just watching videos and that was not different than what we
doin class.”; “Maybe we could act as doctors like a learning process, instead of us just watching
the acting because we went over that”., Students TLS 2). Similarly, the teachers and experts
reported that restructuring the activities could increase student participation (e.g., “They felt
that we just watched videos, | think the message that they were trying to get across was really
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important but they crumbled a little bit”, Teacher 2 TLS 2; “Well, next time, they might play a
role of a very pushy patient asking for antibiotics so they can have a bit active role for sure. Yeah,
some activities | believe can be more engaging”. Expert TLS 2).

Considering the final open schooling event both, students and teachers expressed that having a
one-day event outside school hours was difficult for everyone to attend. Hence, it was reported
that organising another awareness-raising campaign at the school during school hours may
engage more students (e.g., “I think if it was during school hours more people can make it
because there were a lot of people, especially from our class, that couldn't make it because it
was on the weekend”., Student TLS 2; “We didn't try to multiply all of this information within our
school community. There was an opportunity to go and interact with our younger kids at the
Junior School as well. It will also give opportunities for other students who couldn't make it on
that day to be involved as well”, Teacher 2 TLS 2). Moreover, the students in TLS 3 reflecting on
the one-day event, claimed that they would like to continue promoting their board game by
organsing play times during school hours or either visiting other schools (e.g., “We can play
during school breaks with other students so that they get to know more about AMR and also visit
other primary and secondary schools”., Student TLS 3).

Take-home messages to consider for project guidelines and recommendations
(WP6)

1. Successful approaches

Fostering students’ interest

e Provide freedom to students to take initiative and be creative by choosing their open
schooling projects.

e Design fun, interactive, and hands-on activities that promote students’ active
engagement with authentic materials (e.g., reading authentic articles and debating) in
authentic settings (e.g., lab activities).

e Organise out-of-school activities and promote work with experts.

e Provide scaffolding when necessary to facilitate learning (e.g., rubric for formulating
arguments, provide feedback, prepare the students for the visit).

e Promote a balanced combination of activities that promote both group and
independent work to stretch high-ability students and push the lower-ability students.

e Provide opportunities for the students to share their knowledge through open schooling
events in the wider community.

Fostering students’ self-efficacy in science learning

e Provide autonomy to students to take over their learning.

« Design activities for the students to practice creativity, collaboration, critical thinking
skills (e.g., choosing open schooling projects and working with friends towards
completing and presenting the project).

e Allocate students’ roles and responsibilities to prepare and implement open schooling
events.

Fostering students’ career-awareness
= Provide more opportunities for face-to-face interaction with experts at their premises
or school by organising a series of events.
e Provide activities for the students to collaborate with experts through engaging
activities (e.g., lab activities).
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e Provide the opportunity for the students to have informal conversations with the

experts.
< Provide links between the toolkit activities (e.g., read authentic articles and meet the
authors).
. Challenges

Time restrictions to integrate and implement the toolkit activities, and organise more than
one open schooling event.

Time restrictions to design and implement cross-curricular activities.

Difficulty in coordinating the school and experts’ schedules for common activities regularly
even if this is not integrated into the scheme of work for both institutions.

Difficulty accommodating big number of students at the experts’ premises.

The absence of a person responsible to organise the open schooling activities.



Appendix C: Statistics

INTEREST before (all countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent Percent Percent
AVG_Interest Cyprus 100 100,0% 0 0,0% 100 100,0%
Germany 45 100,0% 0 0,0% 45 100,0%
Italy 118 100,0% 0 0,0% 118 100,0%
Slovenia 33 100,0% 0 0,0% 33 100,0%
Spain 120 100,0% 0 0,0% 120 100,0%
AVG_Interest_
4,00
3,50
3,00
o
:
| 250
B
L
£
2,00
1,50 — 34
196
1,00 o
Cyprus Germany [tahy Slovenia Spain

Country


Scheersoi
Appendix C: Statistics


INTEREST after (All countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent N Percent Percent
AVG_Interest 2 Cyprus 100 100,0% 0 0,0% 100 100,0%
Germany 45 100,0% 0 0,0% 45 100,0%
Italy 108 91,5% 10 8,5% 118 100,0%
Slovenia 33 100,0% 0 0,0% 33 100,0%
Spain 120 100,0% 0 0,0% 120 100,0%
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SELF EFFICACY before (All countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent N Percent N Percent
AVG_Self Efficacy Cyprus 100 100,0% 0 0,0% 100 100,0%
Germany 45 100,0% 0 0,0% 45 100,0%
Italy 118 100,0% 0 0,0% 118 100,0%
Slovenia 33 100,0% 0 0,0% 33 100,0%
Spain 120 100,0% 0 0,0% 120 100,0%
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SEF EFFICACY after (All countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent N Percent N
AVG_Self Efficacy_2 Cyprus 100 100,0% 0 0,0% 100
Germany 45 100,0% 0 0,0% 45
Italy 108 91,5% 10 8,5% 118
Slovenia 33 100,0% 0 0,0% 33
Spain 120 100,0% 0 0,0% 120
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CAREER AWARENESS before (All countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent N Percent N
AVG_Career Awareness Cyprus 100 100,0% 0 0,0% 100
Germany 45 100,0% 0 0,0% 45
Italy 118 100,0% 0 0,0% 118
Slovenia 33 100,0% 0 0,0% 33
Spain 120 100,0% 0 0,0% 120
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CAREER AWARENESS after (All countries)

Case Processing Summary

Cases
Valid Missing Total
Country N Percent N Percent N
AVG_Career Awareness_2 Cyprus 100 100,0% 0 0,0% 100
Germany 45 100,0% 0 0,0% 45
Italy 108 91,5% 10 8,5% 118
Slovenia 33 100,0% 0 0,0% 33
Spain 120 100,0% 0 0,0% 120
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CYPRUS (UCY)

NPar Tests

Descriptive Statistics

N Mean Std. Deviation Minimum
AVG_Interest_ 100 2,947500000000 ,5898392607612 1,500000000000
000 29 000
AVG_Self Efficacy 100 2,372500000000 ,4800239366927 1,000000000000
000 24 000
AVG_Career Awareness 100 2,5425 , 77448 1,00
AVG_Interest_2 100 3,107500000000 ,5570428324390 1,500000000000
001 48 000
AVG_Self Efficacy_2 100 2,405000000000 ,4547449057360 1,000000000000
000 94 000
AVG_Career Awareness_2 100 2,5475 , 79748 1,00
Descriptive Statistics
Maximum
AVG_Interest_ 4,000000000000
000
AVG_Self Efficacy 4,000000000000
000
AVG_Career Awareness 4,00
AVG_Interest_2 4,000000000000
000
AVG_Self Efficacy_2 3,500000000000
000
AVG_Career Awareness_2 4,00
Wilcoxon Signed Ranks Test
Ranks
N Mean Rank Sum of Ranks
AVG_Interest 2 - Negative Ranks 292 37,67 1092,50
AVG_Interest =
- - Positive Ranks 550 45,05 2477,50
Ties 16°
Total 100
AVG_Self Efficacy_2 - Negative Ranks 364 37,39 1346,00
AVG_Self Efficacy .
Positive Ranks 41° 40,41 1657,00



Ties 23f
Total 100
AVG_Career Awareness_2 -  Negative Ranks 439 39,70 1707,00
AVG_Career Awareness Positive Ranks 3gh 43,49 1696,00
Ties 18!
Total 100
a. AVG_Interest 2 <AVG_Interest
b. AVG_Interest_2 > AVG_Interest_
c. AVG_lInterest_2 = AVG_Interest_
d. AVG_Self Efficacy_2 < AVG_Self Efficacy
e. AVG_Self Efficacy_2 > AVG_Self Efficacy
f. AVG_Self Efficacy_2 = AVG_Self Efficacy
g. AVG_Career Awareness_2 < AVG_Career Awareness
h. AVG_Career Awareness_2 > AVG_Career Awareness
i. AVG_Career Awareness_2 = AVG_Career Awareness
Test Statistics®
AVG_Self AVG_Career
Efficacy 2 - Awareness_2 -
AVG_Interest_2 - AVG_Self AVG_Career
AVG_Interest_ Efficacy Awareness
z -3,102° -,807° -,026°
Asymp. Sig. (2-tailed) ,002 ,420 ,980

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

c. Based on positive ranks.



GERMANY (UBO)

Descriptive Statistics

N Mean Std. Deviation Minimum
AVG_Interest_ 45 2,658333333333 ,6759883336809 1,250000000000
333 35 000
AVG_Self Efficacy 45 2,194444444444 5432668671002 1,000000000000
444 21 000
AVG_Career Awareness 45 2,2944 57724 1,00
AVG_Interest_2 45 2577777777777 5925010122311 1,375000000000
778 60 000
AVG_Self Efficacy_2 45 2,283333333333 ,6320061852401 ,2500000000000
334 59 00
AVG_Career Awareness_2 45 2,3167 , 712574 ,25
Descriptive Statistics
Maximum
AVG_Interest_ 3,875000000000
000
AVG_Self Efficacy 3,250000000000
000
AVG_Career Awareness 4,00
AVG_Interest_2 3,750000000000
000
AVG_Self Efficacy_2 3,250000000000
000
AVG_Career Awareness_2 4,00
Wilcoxon Signed Ranks Test
Ranks
N Mean Rank Sum of Ranks
AVG _Interest 2 - Negative Ranks 192 19,24 365,50
AVG_ Interest —
- - Positive Ranks 18P 18,75 337,50
Ties 8¢
Total 45
AVG_Self Efficacy_2 - Negative Ranks gd 13,83 124,50
AVG_Self Efficacy =
Positive Ranks 168 12,53 200,50



Ties 20f
Total 45
AVG_Career Awareness_2 -  Negative Ranks 129 19,13 229,50
AVG_Career Awareness Positive Ranks 20N 14,93 208,50
Ties 13
Total 45
a. AVG_Interest 2 <AVG_Interest
b. AVG_Interest_2 > AVG_Interest_
c. AVG_lInterest_2 = AVG_Interest_
d. AVG_Self Efficacy_2 < AVG_Self Efficacy
e. AVG_Self Efficacy_2 > AVG_Self Efficacy
f. AVG_Self Efficacy_2 = AVG_Self Efficacy
g. AVG_Career Awareness_2 < AVG_Career Awareness
h. AVG_Career Awareness_2 > AVG_Career Awareness
i. AVG_Career Awareness_2 = AVG_Career Awareness
Test Statistics®
AVG_Self AVG_Career
Efficacy 2 - Awareness_2 -
AVG_Interest_2 - AVG_Self AVG_Career
AVG_Interest_ Efficacy Awareness
z -,214P -1,036° -,653°
Asymp. Sig. (2-tailed) ,830 ,300 ,514

a. Wilcoxon Signed Ranks Test
b. Based on positive ranks.

c. Based on negative ranks.



ITALY (IREN)

Descriptive Statistics

N Mean Std. Deviation Minimum
AVG_Interest_ 118 3,317796610169 ,5057479619475 1,375000000000
492 02 000
AVG_Self Efficacy 118 2,620762711864 ,4665442271239 1,000000000000
407 34 000
AVG_Career Awareness 118 2,2903 , 78308 1,00
AVG_Interest_2 108 3,293981481481 ,5104958004437 1,000000000000
482 27 000
AVG_Self Efficacy_2 108 2,523148148148 ,4803827293232 1,000000000000
148 48 000
AVG_Career Awareness_2 108 2,3125 , 78398 1,00
Descriptive Statistics
Maximum
AVG_Interest_ 4,000000000000
000
AVG_Self Efficacy 3,750000000000
000
AVG_Career Awareness 4,00
AVG_Interest_2 4,000000000000
000
AVG_Self Efficacy_2 3,750000000000
000
AVG_Career Awareness_2 4,00
Wilcoxon Signed Ranks Test
Ranks
Mean Rank Sum of Ranks
AVG _Interest 2 - Negative Ranks 432 55,35 2380,00
AVG_ Interest —
- - Positive Ranks 55P 44,93 2471,00
Ties 10¢
Total 108
AVG_Self Efficacy_2 - Negative Ranks 509 49,73 2486,50
AVG_Self Efficacy =
Positive Ranks 42° 42,65 1791,50



Ties 16f
Total 108
AVG_Career Awareness_2 -  Negative Ranks 489 45,74 2195,50
AVG_Career Awareness Positive Ranks 45" 48,34 2175,50
Ties 151
Total 108
a. AVG_Interest 2 <AVG_Interest
b. AVG_Interest_2 > AVG_Interest_
c. AVG_lInterest_2 = AVG_Interest_
d. AVG_Self Efficacy_2 < AVG_Self Efficacy
e. AVG_Self Efficacy_2 > AVG_Self Efficacy
f. AVG_Self Efficacy_2 = AVG_Self Efficacy
g. AVG_Career Awareness_2 < AVG_Career Awareness
h. AVG_Career Awareness_2 > AVG_Career Awareness
i. AVG_Career Awareness_2 = AVG_Career Awareness
Test Statistics®
AVG_Self AVG_Career
Efficacy 2 - Awareness_2 -
AVG_Interest_2 - AVG_Self AVG_Career
AVG_Interest_ Efficacy Awareness
z -,162° -1,369° -,038°
Asymp. Sig. (2-tailed) ,872 171 ,969

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

c. Based on positive ranks.



SLOVENIA (UL)

Descriptive Statistics

N Mean Std. Deviation Minimum
AVG_Interest_ 33 3,274891774891 ,3843679844727 2,625000000000
775 33 000
AVG_Self Efficacy 33 2,742424242424 3832221512017 1,500000000000
242 76 000
AVG_Career Awareness 33 2,4167 , 72529 1,25
AVG_Interest_2 33 3,143939393939 ,4342063382440 2,250000000000
394 48 000
AVG_Self Efficacy_2 33 2,674242424242 ,4068444562927 2,000000000000
425 72 000
AVG_Career Awareness_2 33 2,4167 ,81410 1,00
Descriptive Statistics
Maximum
AVG_Interest_ 4,000000000000
000
AVG_Self Efficacy 3,666666666666
667
AVG_Career Awareness 3,75
AVG_Interest_2 4,000000000000
000
AVG_Self Efficacy_2 3,500000000000
000
AVG_Career Awareness_2 4,00
Wilcoxon Signed Ranks Test
Ranks
N Mean Rank Sum of Ranks
AVG _Interest 2 - Negative Ranks 182 14,67 264,00
AVG_ Interest —
- - Positive Ranks 10P 14,20 142,00
Ties 5¢
Total 33
AVG_Self Efficacy_2 - Negative Ranks 144 13,89 194,50
AVG_Self Efficacy =
Positive Ranks 11 11,86 130,50



Ties gf

Total 33
AVG_Career Awareness_2 -  Negative Ranks 149 17,89 250,50
AVG_Career Awareness Positive Ranks 17h 14,44 245,50
Ties 2
Total 33
a. AVG_Interest 2 <AVG_Interest
b. AVG_Interest_2 > AVG_Interest_
c. AVG_lInterest_2 = AVG_Interest_
d. AVG_Self Efficacy_2 < AVG_Self Efficacy
e. AVG_Self Efficacy_2 > AVG_Self Efficacy
f. AVG_Self Efficacy_2 = AVG_Self Efficacy
g. AVG_Career Awareness_2 < AVG_Career Awareness
h. AVG_Career Awareness_2 > AVG_Career Awareness
i. AVG_Career Awareness_2 = AVG_Career Awareness
Test Statistics®
AVG_Self AVG_Career
Efficacy 2 - Awareness_2 -
AVG_Interest_2 - AVG_Self AVG_Career
AVG_Interest_ Efficacy Awareness
B -1,393° -,873° -,049°
Asymp. Sig. (2-tailed) ,164 ,383 ,961

a. Wilcoxon Signed Ranks Test

b. Based on positive ranks.



SPAIN (UAB)

Descriptive Statistics

N Mean Std. Deviation Minimum
AVG_Interest_ 120 2,884375000000 ,6394675314193 1,000000000000
001 02 000
AVG_Self Efficacy 120 2,749305555555 ,5882144555521 1,500000000000
555 49 000
AVG_Career Awareness 120 2,3313 ,66985 1,00
AVG_Interest_2 120 2,944791666666 5960293672736 1,000000000000
667 78 000
AVG_Self Efficacy_2 120 2,797916666666 5597641998053 1,250000000000
666 77 000
AVG_Career Awareness_2 120 2,3271 ,63659 1,00
Descriptive Statistics
Maximum
AVG_Interest_ 4,000000000000
000
AVG_Self Efficacy 4,000000000000
000
AVG_Career Awareness 3,75
AVG_Interest_2 4,000000000000
000
AVG_Self Efficacy_2 4,000000000000
000
AVG_Career Awareness_2 4,00
Wilcoxon Signed Ranks Test
Ranks
N Mean Rank Sum of Ranks
AVG _Interest 2 - Negative Ranks 492 53,17 2605,50
AVG_ Interest —
- - Positive Ranks 57b 53,78 3065,50
Ties 14°
Total 120
AVG_Self Efficacy_2 - Negative Ranks 419 47,62 1952,50
AVG_Self Efficacy =
Positive Ranks 538 47,41 2512,50



Ties 26
Total 120
AVG_Career Awareness_2 -  Negative Ranks 559 49,26 2709,50
AVG_Career Awareness Positive Ranks 47" 54,12 2543,50
Ties 18!
Total 120
a. AVG_Interest 2 < AVG_Interest
b. AVG_Interest_2 > AVG_Interest_
c. AVG_lInterest_2 = AVG_Interest_
d. AVG_Self Efficacy_2 < AVG_Self Efficacy
e. AVG_Self Efficacy_2 > AVG_Self Efficacy
f. AVG_Self Efficacy_2 = AVG_Self Efficacy
g. AVG_Career Awareness_2 < AVG_Career Awareness
h. AVG_Career Awareness_2 > AVG_Career Awareness
i. AVG_Career Awareness_2 = AVG_Career Awareness
Test Statistics®
AVG_Self AVG_Career
Efficacy 2 - Awareness_2 -
AVG_Interest_2 - AVG_Self AVG_Career
AVG_Interest_ Efficacy Awareness
z -727° -1,071° -,279°
Asymp. Sig. (2-tailed) 467 ,284 ,780

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

c. Based on positive ranks.



