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of expertise. These principles reflect several aspects of the OS approach (Sotirou 
et al. 2017) in terms of pedagogies, learning context, and personal growth.

* The courses described in the paper

Figure 1. Program structure and courses

4.	 Open schooling principles in the program courses

Open Schooling principles are central to the program and are expressed in all 
its courses. Following are representative examples of two courses in the program.

4.1	Analysis of interdisciplinary projects and research in academia and industry.

The course aims are: Exposure to authentic projects and research to understand 
the importance of integrating disciplines to find solutions; in-depth understanding 
of the skills that promote excellence in STEM; examining analogies among the 
various fields of knowledge; becoming acquainted with the work of researchers 
and engineers; deep understanding of research and problem solving processes 
and development methods employed in academia and industry; and development 
of the students’ critical and creative thinking. To achieve these aims, the course 
activities gradually constructed students’ comprehension of how interdisciplinary 
content facilitates solving real-world problems, and how skills enable them to 
achieve that. Core  activities of the course: an introductory lecture by an expert 
in the field of education aimed at challenging the traditional structure of schools; 
study of the evolution of educational policies regarding STEM skills from a global 
and Israeli perspective; investigation of a community-oriented project of the 
students’ choice with emphasis on the integration among the knowledge areas 
and skills; presentation of case studies from industry and research institutions 
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by the teams; in-depth analysis of the presented case-studies employing criteria 
collaboratively built by the course’s students and faculty; individual reflection 
to unpack their perceptions regarding knowledge areas, the roles of skills, and 
potential implementation in schools.

For example, a university research group presented an alternative energy 
project, showcasing the entire research cycle from multiple perspectives. 
Students worked in multidisciplinary teams, analysing the project through 
relevant knowledge areas, interdisciplinary approaches, and necessary skills. This 
example demonstrates OS attributes through teamwork, students’ engagement 
in reverse engineering an authentic interdisciplinary case, and researchers’ 
involvement in the learning process. The OS approach is evident in selecting 
real interdisciplinary cases and engaging students based on their disciplinary 
backgrounds. Furthermore, personal growth is fostered as students develop a 
deep understanding of sustainability-oriented issues and research complexities, 
providing a foundation for integrating them into their teaching practices.

4.2	Development and implementation of an integrative STEM educational 
project

In this advanced PBL course, the students apply diverse knowledge and 
experiences acquired in previous courses toward developing, as a team, 
an interdisciplinary PBL-based STEM learning unit, implementing it in their 
respective schools, and conducting an evaluation study of the process via action 
research (Seminar course). The aims of this course are to: (1) Develop a learning 
unit that reflects integration among STEM fields and employs PBL principles, (2) 
Implement the unit and assess it via the lens of PBL principles. PBL is the major 
guiding principle of this course and is expressed in the way the course is conducted 
(i.e., how the students learn), the pedagogy of the study unit developed by the 
students, and how the unit is implemented with the students’ pupils in school. 
OS-related learning context is reflected, for example, in the selection of the 
driving-question, which is required to address a relevant challenge confronting 
the school community and work with relevant in-school and out-of-school 
stakeholders in the development and implementation of the learning unit. Figure 
2 briefly visualizes one of the learning units with a focus on how it reflects the 
principles of PBL and OS around an integrative STEM learning unit. 
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Figure 2. Principles of PBL and OS in the integrative STEM learning unit developed by the 
students

5.	 Preliminary findings

We explored the first cohort students’ perceptions regarding the contribution of 
collaborating with professionals and learning around sustainability development 
(SD) issues to their learning and contributing to their work as teachers and 
educators.

The students identified SD issues as a fertile anchor for cultivating an 
interdisciplinary understanding of complex real-world issues, the skills and the 
emotional disposition that their students require in order to prepare them for 
the contemporary world. For example, “Dealing with sustainability is relevant to 
students all over the world. Students should engage in environmental problems 
that are authentic to their place and community…through this they experience 
the STEM principle of place-based learning and will become part of the solution” 
(T); “Social responsibility, ethical questions, and 21st century skills need to be 
expressed when dealing with sustainability issues, otherwise, it is hard to reach 
a solution or change the situation” (E). Learning from professional stakeholders 
around authentic projects enhanced this, as described by one of the students: 
“Encountering real-life projects deepened the understanding that to be ready for 
the future world, students need to learn in an integrative way, to establish broad 
knowledge in many areas, understand the connections among these areas, and 
know how to make new connections that will lead to new developments” (T).
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The students’ response to what they take from their studies into their work 
as teachers and educators highlighted several of the central attributes of OS for 
meaningful science education (Table 1). T’s response reflects the role of Citizen 
Science, in which young people collaborate with scientists (and industry) toward 
preparing them as competent citizens (Wals et al., 2014). E’s response underscores 
one of the central aims of OS – that schools become agents of community well-
being. Y expressed how she experienced one of the main challenges confronting 
constructive education: reorienting her role as a teacher from that of a transmitter 
of information to that of a facilitator in the student’s active learning process 
(Sterling, 2009). 

Table 1. Students’ perceptions about the contribution of collaborating with professionals and 
learning around sustainability development issues to their work as teachers and educators

T.: STEM teacher E.: Technology teacher Y.: Biology teacher
“Apprenticeship– I wish 
pupils could be part of projects 
in research and industry as 
assistants, in data collection 
or in other suitable roles, to 
gain firsthand experience 
from professionals … real 
world learning that makes 
learning significant and 
relevant … develop their self-
capacity, work ethics, internal 
resilience, and rich vision of 
the future.”

“Integrating people from 
the community into 
my teaching models to 
show the students that 
teachers don’t know 
it all demonstrates 
the importance of 
teamwork, inquiry based 
on reliable sources, and 
partnerships for the 
public good.”

“As a biology teacher 
it changed my way of 
looking at teaching, 
connecting between 
subjects, teaching 
differently – instead of 
transmitting content 
from the books teaching 
via inquiry tasks.”

6.	 Summary

A challenge facing contemporary education is leading change to interdisciplinary 
STEM education that enables deep conceptual understanding, develops 21st 
century skills, is relevant to the pupils’ lives, and motivates their interest. 
Interdisciplinary learning in STEM in schools still faces challenges, and much 
learning is still siloed according to school subjects (Tytler, 2020). OS is conducive to 
addressing these challenges (Mulero et al., 2022). The M.Ed. program ‘Integrative 
STEM Education’ is a ‘Living-Lab’, which reflects several aspects of OS, aspires 
to change the teachers’ mindsets and build their competencies to function as 
agents-of-change who will lead the incorporation of integrative STEM education 
in their respective teaching environments.

This paper presented the program’s central concepts in terms of how it 
incorporates aspects of OS in the overall program structure, courses, and teaching 
and focuses part of the learning around sustainability challenges. Preliminary 
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findings with the first cohort of graduates of this program support the impact of 
this approach in preparing these teachers to function as change agents in their 
educational settings in terms of both enhancing integrative learning around STEM 
and linking this to the crucial role of sustainability education.
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Abstract

Flebocollect is a STEM and citizen science project to study leishmaniosis disease and the 
impact of ecosystem alteration on the emergence of diseases. The aim of this project is to 
analyse the impact of STEM activities for students and community members when being 
involved in school-community projects on environmental issues.

Keywords

citizen science, Leishmaniosis, Flebocollect, board game

1. Flebocollect project and the material topic

Flebocollect is a STEM and citizen science project to study leishmaniosis
disease and the impact of ecosystem alteration on human health. It started 
in 2019, within the framework of the BRITEC (Bringing Research Into The 
Classroom) project, funded by the European Union in the Erasmus+ KA2 Program 
(2018-2021). Currently, “Flebocollect: Didactic strategy for the development of 
scientific competence through the study of emerging diseases with reference FCT-
21-16782” is an ongoing project funded by the Spanish Foundation for Science
and Technology - Ministry of Science and Innovation, to carry out activities to
promote scientific, technological and innovation culture. The project includes
carefully designed classroom tasks and materials that are proved to be “powerful
tools for enhancing the quality of mathematics and science teaching, influencing
the classroom culture and fostering students’ learning”, as this topic 2 line states.
Before starting it, the spiral model of professional development has been used:
analysis – implementation – reflection. Project investigators carried out several
pilot tests with students of different levels of education, both primary and
secondary. These allowed the modification and improvement of the activities
and materials that make up the project. Likewise, these pilot tests were carried
out in different scenarios, both in ordinary classrooms of educational centers and
in the Museum of Natural Science in Madrid. Overall, this project aims to analyse
the effectiveness of STEM activities and how materials can be useful for students
and community members when being involved in school-community projects on
environmental issues.
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2.		  Flebocollect project: objectives, organization and materials

2.1	 Objectives of the project:

Flebocollect scientific dissemination project is structured through a didactic 
sequence aimed at disseminating the consequences of the alteration of 
ecosystems in the emergence of diseases. Through this didactic sequence, 
designed by researchers in experimental science didactics and researchers 
with expertise in leishmaniosis, Flebocollect will bring science, technology, and 
research activity closer to students and the public through an experience in 
which they have to put into play the skills and knowledge of scientists. These 
didactic objectives are complemented by the scientific objectives of the project 
that focus on mapping the abundance and distribution of sand flies (insects’ 
vectors that transmit leishmaniosis) in the Community of Madrid. Moreover, 
the focus has also been placed on the analysis of the instruments used, as well 
as on the possible failures derived from their implementation, to improve the 
methodologies and resources used. In addition, a report of each group-class 
participants will be provided to the teachers, with an exhaustive assessment of 
the degree of development of scientific competence and previous alternative 
ideas to know the deficiencies and strengths of the students and thus build a 
future didactic program that adjusts to the reality of the classroom.

2.2	 Organization of the project:

Students in this line take all the activities included: 

1-Board game: With this activity, raise awareness about the role played by 
the alteration of ecosystems in the appearance of diseases is introduced in the 
classroom. This game has been made from fragments of real scientific research on 
the leishmaniosis outbreak that emerged recently in the Community of Madrid 
(Spain). It includes a dashboard, cards, and reports with information obtained 
from scientific papers to guide the investigation. Thus, the student will be able 
to discover the origin of this outbreak and the particularities of its infective cycle 
(Bermejo and Gálvez, 2022).

2-Do it-yourself traps (DIY traps): This activity is about the construction 
of their own DIY light traps (Do It Yourself) made with recycled materials, for 
the capture of phlebotomine sand flies, insects that transmits leishmaniosis 
(Gálvez et al., 2022). Subsequently, traps will be installed in the vicinity of the 
educational centers, homes, or surrounding parks. Participants are provided with 
the necessary materials and procedures to construct their traps. Afterward, they 
have to install the traps and identify captured species. Data on captured sand 
flies reported to researchers through online application will be used to map out 
their presence in the area and hence the risk of leishmaniosis.
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3-Infographic contest: Students carry out the preparation and digital design of 
infographics that raise awareness about the leishmaniasis outbreak and provide 
advice and recommendations on how to avoid the infection and how to reduce 
the emergence of new leishmaniosis outbreaks.

2.3	 Preliminary results of activity 1:

By the time this congress is held, we would be able to bring some results: the 
level of scientific competence developed, the degree of knowledge acquired, the 
motivation and willingness of the students. Moreover, improvements to be made 
will be measured. Before and after the board game activity, a test will record the 
perceptions and ideas of the students. The pre-test presents questions to find out 
the previous ideas of the students about concepts of health and disease. On the 
other hand, the post-test has questions to measure the degree of development of 
scientific competence, questions in which students must analyze and synthesize 
the information given in graphs, tables, or fragments of scientific research. 
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Abstract

Commercial escape rooms have inspired teachers to adapt the popular entertainment 
activity for education, especially in STEM education. This global bottom-up phenomenon in 
education is implemented in several ways. Students use their knowledge and skills either to 
solve problems and “escape” the room or finish an escape game in time. 

This article explores why escape games are suitable for education on the topics of 
sustainability and climate change. Furthermore, it introduces a framework grounded in 
theories on game-based learning, which focusses on the three main challenges for the use of 
educational escape rooms. This framework was used to develop escape games such as on the 
topic of plastic soup. Subsequently, a study explored which game elements contributed to the 
appreciation and learning with escape games.

Keywords

escape rooms, escape games, escape boxes, game-based learning, collaborative learning, 
climate change education, sustainability education

1.	 The rise of escape rooms in education

Globally, escape rooms have been finding their way into education, especially 
in STEM education. Escape rooms are live-action team-based games in which 
players encounter challenges to complete a quest in a limited amount of time. 
The quests in the first rooms were ‘escapes’, nowadays the quest varies, for 
example to solve a murder mystery or break into a vault (Nicolson, 2015). STEM 
teachers implement escape rooms to foster learning in authentic contexts such 
as laboratories or outside world contexts which are out of reach, potentially 
dangerous or abstract for learners, like plastic soup. STEM escape rooms create 
feelings of mastery, ownership, and mutual dependence, resulting in high student 
engagement, regardless of age or gender (Lathwesen & Belova, 2021; Veldkamp, 
2022).

2.	 Ways in which escape games can be used in education

Usually, escape games are implemented in two ways; teams of students 
use their knowledge and skills either to solve the escape game or develop one 
themselves. In a previous project, we combined these two ways. Based on design-
based research, students developed in three design cycles reusable escape boxes, 
with various game content for secondary education on plastic soup, zoonosis 
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and carbon dioxide emission. The escape box has changeable fronts. The fronts 
offer various tools, such as a laptop screen, a magnet board, and hatches with 
locks. Puzzles placed on each side of the fronts put players face to face with 
each other, see Figure 1. These games are researched and used in secondary 
education (Veldkamp, 2022). 

  Figure 1. An escape box with the game Plastic Soup during a playtest by knowledge experts

3.	 An escape game design

Within an escape game, all problems or activities are called puzzles. As escape 
games are inherently team-based games, the puzzles tend to ensure that every 
member of a team is active and can contribute (Nicholson, 2015). The puzzles, 
which can be categorized as: 1) cognitive puzzles that make use of the players’ 
thinking skills and logic, 2) physical puzzles that require the manipulation of 
artifacts to overcome a challenge, and 3) a meta-puzzle, the last puzzle in the 
game in which the final solution is derived from the results from the previous 
puzzles. Cognitive puzzles seem to predominate in escape rooms (Nicholson, 
2015). To solve the puzzles, players require skills such as searching, observation, 
correlation, memorization, (logic) reasoning, math, reading and pattern 
recognition (Wiemker et al., 2015). After the gameplay, the gamemaster debriefs 
the players on the process and what they have achieved (Nicholson, 2015). 
Educational escape rooms can be considered a form of serious gaming. Its design 
is more complex than that of commercial or recreational escape rooms as the 
game design needs to combine educational design with game design (Lameras et 
al., 2017; Whitton, 2018).  
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4.	 The main challenges for the use of educational escape games and game 
elements that addresses them

There are three main challenges for the use of educational escape games 1) 
the students transition from the real world to the game world, 2) the alignment of 
game design aspects and educational aspects, and 3) the transfer from attained 
experiences and knowledge back into the real world. In a study, Veldkamp (2022) 
explored how educational game design elements related to each of the challenges 
contribute to the appreciation of and learning with an escape game, see Figure 2. 

The first challenge is the participation of students into an educational escape 
game. In secondary education, the students’ transit from the science class into 
the game world, is not as voluntary as in a recreational game. To persuade 
students, the game element immersion is important. Immersion is the process 
where someone is lured into a story or problem (Douglas & Hargadon, 2001), 
gets engaged, solves challenges, and finishes the game (Hamari et al., 2016). 
Immersion correlates with improved learning outcomes in science game-based 
learning (Cheng et al., 2015).

 Figure 2. An educational game design framework for escape rooms, focussing on the three 
main challenges 1) the participants’ transition from the real world to the game world, 2) the 
alignment of game design aspects and educational aspects, and 3) the transfer from attained 
experiences and knowledge back into the real world. In bold the game elements addressing 

the challenges are highlighted. (Veldkamp, 2022)

The second challenge in an educational game is the alignment of game design 
aspects and educational aspects (Van der Linden et al., 2019). Van der Linden’s 
framework addresses the different alignments needed in a successful educational 
game. It needs to be ensured that the game goal can only be reached when 
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the desired learning goal is reached. Additionally, a learning goal can only be 
achieved when supported with an adequate pedagogical approach, and the game 
goal by adequate game mechanics. Moreover, during iterations of the design 
process the focus should be on aligning the pedagogical approach with the game 
mechanics, as it appears the most essential and difficult step. As a pedagogical 
approach, STEM escape rooms aim at collaborative learning. In collaborative 
learning environments learners are engaged; working together to formulate 
questions, discuss ideas, explore solutions, complete tasks and reflect on them 
(Srinivas, 2011; Kozlov & Groβe, 2016). Learners interact to reach a shared goal 
(Dillenbourg, 1999). In escape rooms collaborative learning is fostered with 
supportive game mechanics fostering collaboration, such as time restriction, 
adequate puzzle organisations and team sizes (Veldkamp, 2022). 

The third challenge is the transfer from attained experiences and knowledge 
back into the real world. Debriefing is needed (Sanchez & Plumattez, 2018; 
Watson et al., 2011). Watson et al. (2011) see teachers as agents bridging the 
game world and the real world. The debriefing after an educational game is a 
complex process as the experience and knowledge need to be decontextualised 
and institutionalised for future contexts. Therefore, teachers need to discuss 
the game experience and puzzles, link puzzles to learning goals and content,  
and discuss the learning for broader application (Veldkamp, 2022; Sanchez & 
Plumattez, 2018). 

5.	 Evaluation of the framework and the escape boxes

Study method. Based on the framework a mixed-method study was carried 
out to explore how educational game design elements related to each of the 
challenges, contribute to the appreciation of and learning with an escape game, 
see Figure 2. The activity was played with a total of 126 pre-A-level students, aged 
16-20 yrs. To determine whether learning actually took place, a pre-test/post-
test was deployed. To study how the game design elements influence learning 
in an EG, various data sources were used: experience questionnaires, interviews 
with students and teachers, and classroom observations (see Table 1).

Table 1. The various data sources and numbers of participants

Data source Number  Female, male, other
Students - pre-test/post-test 126    68, 57, 1
Students - experience questionnaire 126     68, 57, 1
Students - interviews  14      
Teachers - interviews  5      
Classroom - observations  6       
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Data collection. For the statements for the experience questionnaire a 5-point 
Likert scale was used, ranging from ‘totally disagree’ to ‘totally agree’. Six teams 
were observed closely; every student was observed once a minute, using a 
predefined coding scheme. For the semi-structured interviews, a non-random 
sampling strategy was used. 

Data analysis. To determine the reliability of the tests and experience 
questionnaire, the calculated Cronbach’s alpha was respectively 0.78, 0.72 and 
0.81. A Wilcoxon signed-rank test was used to determine whether the students 
gained knowledge. Data were analysed using Spearman’s rank correlation test. 
On the classroom observations, descriptive statistics were used. All interviews 
were transcribed verbatim and analysed independently by two researchers 
following Boeije (2010).

Results and conclusions. Students answered positively on appreciation question 
for the game (4.5/5 Likert scale). Additional analysis (Mann-Whitney U testing) 
showed no gender preferences. 

The means of the pre-test/post-test scores showed that learning took place 
(Wilcoxon’s Z= -9,8, p < 0.0001). The appreciation of the activity correlates 
positively with the appreciation of each of the game design elements. This 
indicates that the appreciation does not depend on one of the design elements, 
but all contribute, see Table 2.

Table 2. The Spearman’s correlation coefficients on relations between the students’ 
appreciation of the activity (Q1), willingness for this type of activity in the future (Q2), their 

experiences on immersion, collaboration, debriefing and their knowledge gain. Note: * 
Correlation is significant at the 0.05 level (2-tailed) ** Correlation is significant at the 0.01 

level (2-tailed)

Future 0.650**
Immersion 0.457** 0.459**
Collaboration 0.424** 0.506** 0.348**
Debriefing 0.480** 0.402** 0.487** 0.337**
Knowledge gain 0.203* 0.108 0.180* 0.088 0.108

Appreciation Future Immersion Collaboration Debriefing

In relation to each of the studied design elements, we here only present the 
main conclusions, for more results, discussion, and conclusions, see Veldkamp, 
2022. Although students’ collaboration was successfully fostered and 76% of the 
time spent on the content knowledge, it scarcely led to collaborative learning 
during gameplay, due to lack of discussion and reflection needed for deeper 
understanding. Therefore, the debriefing seems vital. Students appreciated the 
debriefing, some students added in interviews that it is important that teachers 
add more to the debriefing than just a recap of the puzzles’ content. Teachers 
regarded the debriefing as crucial for learning with an escape game. 
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Based on the results, most accountable for the knowledge gain during 
gameplay is immersion, scaffolded by the roles and boxes, resulting in a constant 
focus on tasks. It might be possible that immersion is a threshold element of 
the learning process, fostering mostly individual learning during gameplay, but 
limited. More immersion in the game leads only to higher game scores, but not 
to higher science learning outcomes (Cheng et al., 2015). 

6.	 Advantages & challenges in the use of escape rooms for education on climate 
change and sustainability

Advantages

Monroe and colleagues found in their systematic review on identifying effective 
climate change strategies two themes, (1) focusing on personally relevant and 
meaningful information and (2) using active and engaging teaching methods. 
Escape games have the possibility to address both. Research showed that escape 
rooms are immersive, interactive learning environments and students are 
behaviourally, cognitively, and emotionally engaged. Furthermore, no gender 
differences are found in appreciation or learning outcomes, regardless of the 
age of the student. Science teachers use escape games to bring topics which are 
abstract, dangerous, or unreachable for students into the classroom (Veldkamp, 
2022). Climate change and other sustainability topics are usually abstract for 
students.

Educational escape games for sustainability and climate change is a pioneering 
field. From 2018 onwards, studies and/or articles on educational escape rooms 
can be found (see examples in the list below this article). As discussed in section 
1, escape games have characteristic game elements, such as time restriction and 
teamwork. Both these game elements can support the message (and goal) of the 
game. The time restriction supports a sense of urgency in relation to the topic 
and can be logically embedded into the narrative. As an escape game is a team-
based game, which requires teamwork and different skills and knowledge, it can 
support the environmental message ‘together we need to solve it, or prevent 
this type of problems’, and this can be embedded in the story line. Part of the 
playfulness of an escape game is that it creates purposely uncertainty, because 
at first sight it is not clear what to do or how to handle a puzzle. To handle 
uncertainty is a skill which is needed in addressing the global problems of climate 
change and sustainability. In a debriefing, the teacher can address these feelings 
of uncertainty and students’ coping mechanisms.
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Challenges

It is claimed that educational escape rooms can support necessary skills needed 
for climate change and sustainability, such as critical thinking and problem solving 
(Ouariachi & Elving, 2020). However, the puzzles are linked on forehand in a strict 
organisation. In addition, the solution of the puzzles which is checked by a digital 
or physical lock is also strict, usually a number code or word. Therefore, students 
need to find programmed answers. Until now, puzzles in an escape game are 
not yet open-ended problems as sustainability or climate change problems 
are. However, the games are suitable to create awareness and inform on such  
topics. More research is needed for fostering necessary skills on the topic such as 
problem solving, critical thinking, system thinking, and future thinking.

To wrap up, escape games, such as escape rooms or boxes are immersive, 
interactive learning environments for abstract problems as climate change and 
sustainability. The learning environment can create a temporarily (future) world 
with a clear shared goal and message, supported by escape room game elements 
such as time restriction, collaboration and a narrative in which players have an 
active role. Finally, the discussed framework (Figure 2) could help educators in 
creating these immersive games which not only engage learners but also achieve 
learning gains.

Articles on climate change and sustainability escape rooms
Chang, H. Y. H. (2019). Escaping the gap: Escape rooms as an environmental education tool. 

University of California.

Gündüz, Ş. (2018). Preventing blue ocean from turning into red ocean: A case study of a room 
escape game. Journal of Human Sciences, 15(1), 1–7.
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Abstract 
Around half of Europe’s population is female, yet only 15% work in tech sectors and even less, 

2,4% in ICT related fields. Only around 20% of the females are entrepreneurs. The untapped 
source of female technology, innovation and entrepreneurial potential leaves Europe with 
a huge and growing gender and skills gap in these sectors. Education certainly is the most 
important lever to enable and encourage girls to pursue stutdies and careers linked to STEM, 
particularly information and communication technology (ICT), and entrepreneurship. 

The project ‘Girl empowerment in STEM Education’ (GEM) focussed on increasing girls’ 
interest in STEM and ICT subjects, studies and careers, by organising summer camps for girls in 
10 European Countries and by establishing a network of European institutions with the same 
objectives. 

Higher education institutions from 10 European countries organized summer camps for 
girls, piloting various learning activities, which specifically supported the development of 
a diverse range of STEM related and personal skills. Skills that enable girls to contribute to 
Europe’s digital innovation processes.  

Why STEM for girls summer camps 

The GEM project (with 10 European countries involved) used an out of 
classroom context to support female students towards STEM. The decision to 
focus on out of school context is supported by previous studies based on which 
such a context has more possibilities to enhance young students’ interest in 
STEM (Heeg, Smith & Avraamidou, 2022; Wieselmann, Roehrig & Kim, 2020) as 
opposed to a formal setting because a formal setting (i.e., school) might limit the 
authenticity of the experience (Braund & Reiss, 2006). The activities developed 
as part of the summer schools afford the ability to blur the boundaries between 
the STEM disciplines in a way that provides authentic integration. Additionally, 
the summer school setting allowed us to design activities that are longer in 
duration, provide authentic experiences through visits and field trips, and make 
it possible to work with scientists from multiple STEM disciplines because of the 
flexibility of the schedule. Previous studies report that summer schools and after 
class STEM activities should include hands-on nature of activities, collaboration, 
and opportunities to fail without the stress of being evaluated in a formal setting 
(Moore et al., 2014). The evaluation of previous summer schools and afterclass 
activities highlight that they are successful in increasing students motivation and 
STEM career aspirations (Kitchen, Sonner & Sadler, 2018), they empower students 
(Habig, Gupta, Levine & Adams, 2020) and can improve students’ knowledge and 
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interest in learning (Chen, Tomsovic & Aydeniz, 2014; Pitri, Evagorou & Stylianou, 
in print). 

Pedagogical starting points for summer camps 

In the context of this GEM collaboration the different European partners 
agreed on some pedagogical starting points: 

• Inquiry-based learning 

All activities will be based on collaborative activities, where girls have freedom 
to choose, to hypothesize, to collect, etc. And, as stated above, avoiding activities 
that resemble classical old-school STEM practices. 

• Context 

The contexts used in the summer camps were choosen from a wide range of 
socio-scientific issues, like energy transition, sustainability, waste problem, etc. 

• Culture 

When you only bring girls together another environment is created than a 
normal classroom situation. In all summer camps extra attention was given to a 
safe learning environment and a feeling of belonging 

• Role models 

In all summer camps female role models (from the workplace, from education) 
were central to the activities and workshops, in order to have this important 
input and enviroment for all girls. 

• Entrepreneurship 

This is strongly connected to the first issue mentioned: inquiry-based learning. 
It is putting the girls in their strength, putting extra effort into a growth mindset 
that entrepreneurs need. 

Three examples of summer camps: Cyprus, Malta and the Netherlands 

Cyprus: Observations, comments and reflections from the first implementation 
of the STEM summerschool were used by the local research group in Cyprus 
to prepare the new version that was implemented in June 2022. The main 
objectives of the new materials were to: engage young students with different 
STEM disciplines; make students understand STEM stereotypes, bring students in 
contact with female STEM professionals as role models; help students appreciate 
different aspects of STEM professions, engage students with skills linked to STEM  
(i.e. creativity, programing, inquiry-based learning, problem solving), engage 
students in problem solving and entrepreneurial activities.
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Figure 1. GEM project https://icse.eu/international-projects/gem/

Malta: In september 2022 about 60 girls joined for a Girls4STEM Week, and 
they worked in small groups of 6 to 7 students at a time. They were accompanied 
by a young female mentor. Activities like: Electromagnetics in medical diagnosis 
and treatment; Science in the investigation and preservation of Malta’s national 
cultural heritage; NASA’s Moon Survival Challenge, and of course some Coding 
activities. 

The Netherlands: To get a good and meaningful learning environment we 
decided to have the three ‘Autumn Girl Days’ associated with ‘bigger ideas’ 

• Trees Monday: measuring and calculating trees, practical ‘exciting 
surfaces’ and drawing a pythagorean tree; 

• The Eye Tuesday: eye-tracking, medical physical research on eyes and 
building and using a camera obscura; and 

• The Design Wednesday: mathematical folds, pseudo-coding and heights 

Each day there was a meeting between the 20 participating girls and a so-called 
Girl of the Day talking about her scientific research and a speaker combining 
a workshop with a super interesting presentation. On the last day, as a group 
activity, the physics topics around forces, gravity and altitude were combined 
with a climbing workshop. 

Examples of learning activities used in the summer camps 

In the GEM Consortium we collect the learning activities that were used 
throughout the summer camps, in order to get an online collection that can be 
used in different situations (new summer camps, extra school activities, etc.), see 
Figure 2. 
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 Figure 2. Online repository of learning activities - https://www.fi.uu.nl/publicaties/subsets/
girls4stem_en/

In all learning activities we collect the central idea, the way the activity was 
used in the camp, the materials used, the experience. We take an example from 
Cyprus: How colors can be used to improve the wellbeing of scientists (Working 
towards prototypes (ideas), supported by the so called design thinking process). 

This collection of activities can be used for free, and can be found at the ICSE 
and GEM website. 

Results from the evaluation of the summer camps 

Data were collected across all summercamps (both in 2020 and in 2022), a final 
report on the evaluation results will follow in early 2023 (and will be included in 
the EtE IV workshop). A questionnaire was used to ask girls about their interest 
in STEM before and after the summer school (pre- and post), and based on these 
findings we can already state that students show an increase in their interest in 
learning about STEM, with the most important change in their views linked to the 
fact that after engaging with the curriculum most of the students report that now 
they understand how STEM can help them in their future careers and everyday 
life.  Furthermore, students were asked to provide their feedback for the learning 
activities. The students commented very positively on the fact that they worked 
in groups most of the time, with one of them reporting that “My favorite activity 
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was working on the product that we had to prototype and I enjoyed it because 
we worked as a group and had fun at the same time”. Working on prototypes and 
presenting (half)products was reported by all students as a positive aspect of the 
curriculum.

Figure 3 - Example of a learning activity https://www.fisme.science.uu.nl/
toepassingen/29141/ 
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Abstract

Commodity science is an interdisciplinary field that examines the Supply Chain and the 
environmental impacts throughout the production chain, encompassing resource knowledge 
and the globalization of commodity markets. In laboratory lessons, students develop scientific 
skills and gain practical knowledge of product testing, enabling them to make informed 
decisions in the areas of trade, production, and consumption.
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Introduction

Commodity science endeavors to develop strategies for sustainable 
management and optimization of commodity resources, while addressing 
challenges such as disruptions in the supply chain and environmental impacts. It 
encompasses the study of the production, distribution, consumption, and trading 
of primary goods, including agricultural products, minerals, and energy resources. 
This field integrates knowledge from economics, agriculture, engineering, and 
environmental science to comprehend the behavior and dynamics of commodity 
markets. In recent years, the field has gained significant prominence due to the 
escalating demand for natural resources and the expanding globalization of 
commodity markets.

1.	 Teaching commodity science

In recent years, there has been a growing demand for sustainability education, 
particular aimed at young individuals who should possess a better understanding 
of products and the ability to evaluate their environmental impact.

In Austria, instruction in commodity science and technology has been provided 
in vocational business schools since the first “Handelsakademie” was founded in 
Vienna in 1857, which amounts to over 156 years of such education.

At all levels of education, it is crucial to impart fundamental knowledge about 
commodities. Students need to comprehend goods in their natural state and  
acquire skills such as describing commodities, conducting tests, and understanding 
the sociological and ecological consequences of their usage.
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Figure 1.What is Commodity Science? – Warenlehre

The current standard teaching time allocated to commodity education in 
higher vocational schools, which amounts to 2 to 3 hours per week per year, 
appears insufficient given the extensive teaching material. It is hoped that 
supplementary courses or university programs will offer opportunities to acquire 
in-depth knowledge of products. Similar to other fields of education, it will be the 
responsibility of teachers to create engaging lessons. Experimentation is crucial 
for research-based learning, and product testing enables learners to interact 
with materials in a playful or research-oriented manner, catering to different  
skill levels. Such practices help train students to become critical consumers and 
entrepreneurs.

  Figure 2. Teaching Commodity Science
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During the laboratory lessons in Commodity Science, students gain hands-
on experience with a variety of methods for testing goods. Examples of these 
lessons include:

1.	Rapid tests for assessing the vitamin content of fruits and vegetables: 
Students learn how to perform quick tests to determine the vitamin 
levels in different types of produce. This allows them to understand the 
nutritional value of these commodities.

2.	Examination of mineral properties and mineral identification: Students 
explore the characteristics and properties of minerals. They learn how 
to identify different minerals based on their physical and chemical 
properties, enhancing their understanding of mineral resources and 
their applications.

3.	Investigation of metal properties: Students study the properties of 
metals, such as conductivity, malleability, and strength. They learn 
how to perform tests to assess these properties, which are crucial for 
understanding the uses and applications of various metals in different 
industries.

4.	Determination of density for different types of wood: Students learn 
how to measure and calculate the density of different wood samples. 
This knowledge is important for industries that rely on wood materials, 
such as construction, furniture, and packaging.

5.	Planning and execution of taste tests: Students learn the process of 
designing and conducting taste tests to evaluate the sensory qualities of 
food products. This helps them understand consumer preferences and 
the role of sensory evaluation in the marketing and sales of commodities.

6.	Verification of the antibiotic effect of spices: Students explore the potential 
antimicrobial properties of spices. They conduct experiments to assess 
the effectiveness of spices in inhibiting the growth of microorganisms, 
highlighting the importance of food safety and preservation.

Through these laboratory lessons, students not only develop scientific skills 
but also gain practical knowledge of product testing, enabling them to make 
informed decisions in the areas of trade, production, and consumption.

2.	 Training of teachers

Until 2005, the University of Vienna and the Vienna University of Economics 
and Business taught the teaching profession “Biology and Commodity Science”. 
In addition to the biological, chemical and physical basics in the first semesters, 
this interdisciplinary course includes the entire Theory of goods, Commodity 
Science and Technology with inorganic and organic aspects in the second part of 
the course.
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Until 2005, the University of Vienna and the Vienna University of Economics 
and Business offered a teaching program called “Biology and Commodity Science.” 
This interdisciplinary course covered the fundamentals of biology, chemistry, and 
physics in the early semesters, while the second part focused on the entire theory 
of goods, commodity science, and technology, encompassing both inorganic and 
organic aspects.

However, since 2006, students have been required to choose another subject 
to combine with commodity science. As a result, there is currently a lack of 
comprehensive knowledge, particularly in the areas of sustainability and the 
interconnected aspects of commodity science.

  Figure 3. Training of teachers

To address this gap, it is necessary to introduce a new curriculum at universities 
that enables future teachers to acquire a broad understanding of commodity 
theory and sustainability. The training for natural science teachers should not 
only encompass courses in biology, chemistry, physics, product information, and 
technology but also include instruction on effectively utilizing digital media. I 
propose the implementation of an interdisciplinary course that establishes close 
connections between the subjects from the beginning, embracing the concepts of 
CS 1.0 to 4.0. This approach will facilitate a holistic understanding of commodity 
science and its integration with contemporary advancements in technology and 
digital media.

Recently propagated Commodity Science 2.0 includes a modern view to the 
scientific field, to the development of new norms and a scientific projection of 
research into the future. (Cormode_G., 2008, Aghaei_S. 2012, MOOC 2016)

•	 Commodity Science 1.0 represents the foundational knowledge base of 
the field, encompassing traditional descriptions of goods and quality. 
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This requires teachers in the natural sciences, such as biology, chemistry, 
and physics, to possess fundamental knowledge in these areas.

•	 Commodity Science 2.0 (Zalewski_R 2014) represents an advancement 
in the understanding of commodities, organized within a framework 
that encompasses the utilization and description of the entire lifecycle 
of goods. Consumers benefit from new processes and technologies at 
the point of sale, including high quality, safety, and sustainability. In this 
domain, teachers should possess fundamental knowledge of production 
processes, including their environmental impact.

•	 Commodity Science 3.0 involves further developments, including 
automation, computer technology, and the use of machines to facilitate 
production and everyday life. Future teachers should be trained in 
handling digital software and using digital media in teaching.

•	 Commodity Science 4.0 will encompass the development of artificial 
intelligence, digitization, and robotics. Teachers should acquire the ability 
to teach coding and robotics fundamentals and assess the applications 
of artificial intelligence.

  Figure 4. Structure of Commodity Science

These progressions in Commodity Science represent the evolving nature of the 
field, with an increasing focus on technology, digital literacy, and sustainability. 
Educating future teachers in these areas will enable them to effectively navigate 
and impart knowledge within a rapidly changing landscape.
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3.	 Interdisciplinary experimental teaching

Teachers should strive to incorporate practical assignments and bring hands-
on experiences to the classroom, particularly in secondary vocational schools. 
The advent of distance learning has opened up new opportunities to compensate 
for the limited time available for practical work in science classes.

Experiments can be adapted to be conducted at home, allowing for the growth 
of microorganisms or the extraction of DNA from fruits. With simple materials 
and devices that are commonly found in households, experiments can be better 
understood. Practical lessons at home and in experimental sessions at school 
should include the following components:

•	 Clear instructions provided by the teacher through video, conferences, 
or written materials.

•	 Precise safety instructions to ensure the well-being of the students, 
especially when working with water, heat, or open flames near their 
computers.

•	 Utilization of readily available materials and household items, such as 
candles, knives, spoons, glasses, vinegar, cooking oil, salt, sugar, flour, 
rice, milk, spirits, and food colouring.

•	 Comprehensive documentation of the experiments, including written 
reports and accompanying photographs.

•	 Debriefing sessions conducted via video conferences and written 
feedback provided by the teachers.

It is crucial to emphasize that adult supervision cannot be assumed during 
these experiments. Providing precise safety instructions becomes even more 
critical when students are working independently at home.

During distance learning, the success of students has shown an increase of 20 
to 30% compared to previous years. This success can be measured by the number 
of completed assignments and the total number of points achieved. Students are 
required to engage more intensively with the experiments due to the necessary 
preparation involved.

By implementing practical assignments and adapting them for distance 
learning, teachers can enhance student engagement and promote a deeper 
understanding of scientific concepts.
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 Abstract

The proposal implemented Project-Based Learning (PBL) and the STEAM approach in 
a Primary School, aiming to enhance integrated learning and include students with special 
educational needs. It focused on sustainability, sustainable production, and pollution, with the 
goal of transforming the environment and creating sustainable products. Students developed 
skills in math, science, arts, and social science, while creating a fictional sustainable factory 
for producing healthy drinks. The project resulted in improved performance, increased 
motivation, and the development of various skills. It serves as an example for STEM education, 
emphasizing real-world application and pedagogical reflection.
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 1.	What is “Healthy beverages factory”

The learning project that is presented was developed in a Primary School 
center. The didactic proposal is based on Project Based Learning (PBL) and 
the STEAM approach. It was designed to enhance student’s learning from an 
integrated perspective. This mixed methodology allows the teacher to develop 
an open teaching-learning process that integrates all the students (Kim, 2021). It 
was implemented in a context where it was relevant to integrate some students 
with special educational needs.

PBL encourages commitment and motivation that students need to solve real 
world tasks. The process leads to a final product that allows them to develop skills 
and knowledge for real life (Cheng & Yong, 2019). PBL also fosters cooperative 
skills through collaborative project work, enabling learners to effectively work 
together, communicate and achieve shared goals (Johnson & Johnson, 2018). It 
is also known that the STEAM approach helps students to acquire either skill for 
solving real world tasks and creativity (Perignat & Katz, 2019). 

Initially, this educational approach focused on integrating Science, Technology, 
Engineering and Mathematics into real-life learning situations. However, the 
incorporation of art allows for a new way of perceiving and understanding the 
world, enhancing the skills acquiered in the other STEM fields (Wynn & Harris, 
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2013). The convergence of both methodologies, PBL and the STEM approach, 
benefits the creation of a solid and integrated curriculum, which can substantially 
increase the engagement of PK-12 students for learning (Bequette & Bequette, 
2012). From this perspective, this project sets an interesting material for Primary 
School teachers. 

This proposal proceeds from the general topic of Sustainability, in particular 
sustainable production, and pollution, to reflect on how we can transform our 
environment and create sustainable products. The project tries to bring the 
students’ context to reflect about sustainable production, renewable energies, 
healthy consumption, and the necessity to preserve the natural environment. 
The curricular integration has allowed students to develop skills from different 
disciplines as math, science, arts, and social science, learning by thinking and 
solving real life problems (Brown, 2017). 

2.	 Description of the experience

2.1	 Context

The project took place during April and May in 2022, with a small group of 
12 students (ages between eleven and twelve) from a public school based in 
Segovia (Spain). In the group there were four students with special educational 
needs, and the project sets a new approach to promote an inclusive education. 
It lasted three weeks during which ten sessions of variable duration were held. 
During the project the students worked in four heterogeneous groups.

2.2	 STEAM contents

In this integrated STEAM project, students will explore and create a 
comprehensive understanding of sustainable production and healthy 
consumerism, working across various subject areas.

Firstly, in the Science component, students will delve into the concept of 
energy and its relevance in productive sectors, examining different energy forms 
and their applications. Additionally, they will investigate the importance of 
healthy nutrition and its impact on overall well-being. The Technological domain 
involves studying the production process of a specific drink, using real-life tools 
to produce a healthy beverage. Moving on to Engineering, the emphasis will be 
on project planning and management. Collaboratively, students will design and 
execute the production project efficiently, considering resource allocation, and 
ensuring a successful and sustainable outcome. 

Next, in the Art component, students will work on graphic and audio-visual 
productions to enhance the presentation and marketing of the beverage product. 
They will also create visually appealing designs for packaging and labels. Finally, 
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Mathematics plays a fundamental role in the project. By incorporating statistical 
analysis and measurement, students will interpret data related to energy 
consumption, nutritional values and production processes. In addition, surveys 
will be conducted at the school to gather preferences regarding beverages. 

2.3	 The development of “Healthy beverages factory”

The general topic of the project was the creation of a sustainable factory that 
produces healthy drinks. While the factory was fictional, the students came to 
elaborate a real drink in the classroom. During the process the students had a 
digital diary where they registered the progress and learnings they were doing. 
The project had four phases with different steps. 

The first phase consisted of the explanation of the project. After it was exposed, 
it started the second phase, which consisted in the research of information. 
The first step was to carry out surveys in the school, to know flavors and kinds 
of beverages that would be interesting to produce. The second step was to 
investigate the production sectors, and to deduce how each one will contribute 
to the production of a drink. It was said, for instance, that it will require some 
fruits and milk, and energy for the factory. 

The next step was to investigate energy, looking for a renewable type that can 
be used to produce the beverages in the factory. Then, in a different session, they 
must propose solutions to decrease the impact that the factory could have on the 
environment. Then, the next step consisted of the elaboration of the beverage. 
They first had to investigate substances, materials, and blends, and to design the 
first recipe for the drink. After that, they properly created the beverage in the 
class and tasted it until they found the flavour they really wanted (Figure 1). To 
finish this phase, students had to find an NGO that works for sustainability, and 
to think about how they would collaborate with them. 

Furthermore, a supplementary session was held where students created 
labels using recycled paper. This complements the significance of promoting 
sustainable development and provides further guidance towards recycling. The 
students shredded used paper with water and reassembled it to form new paper 
on which they wrote food labels and relevant information about the product 
(Figure 2). The last two phases consisted in the organization of the materials to 
create a poster and an advertisement to announce the beverage and their work. 
Each group creates their own video, their beverage, and their poster, that were 
held in the classroom. 

To conclude, there was an evaluation process after all the materials were 
presented to the class. The digital diary, group productions and final presentations 
were assessed, considering the group´s teamwork and its contribution to the final 
product. To ensure a comprehensive evaluation, rubrics were used, and students 
actively participated in co-assessing the final presentations. 



120

 Figure 1. Beverage production

 Figure 2. Package beverage with label

3.	 Final reflections 

The implementation of this project has benefited global learning. All the 
class improved their performance on the final test. Motivation towards 
learning increased in almost all students. Some positive ideas about health and 
sustainability grew up in the class, while students develop relevant skills in math, 
science, digital art, creativity, and entrepreneurship. Students demonstrated a 
conscious effort towards promoting healthier options and sustainable practises, 
reflecting their awareness and commitment to these important values.

Students reflect in their personal evaluation that they prefer to learn by practice 
instead of writing. Specifically, they found that the activities related with energy 
were excessively theoretical. On the other hand, the surveys were considered 
very positive, and the results opened new lines of activities in the school.

The groups worked properly in general terms. However, there were occasions 
when a person had to work more than their mates. While some groups worked 
in a balanced way, others needed the teacher´s order to work to succeed in the 
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practices. This shows the importance of designing balanced groups with students 
that can cooperate using different skills.  

On the other hand, the project presented can serve as an example that other 
teachers can adopt in the context of STEM education. It provides a framework for 
incorporating STEM concepts and skills in a real-world, project-based approach 
that engages students and promotes their learning. The project also focuses 
on the pedagogy employed and includes a reflection about it. The reflection 
highlights the successes and challenges of the project, as well as the lessons 
learned by the teacher as an educator. This reflection can help other teachers to 
adapt and improve upon the project in their own teaching context.

As a future prospect, involving students in the design process of the proposal 
is essential, enabling them to shape the direction of their work, whether it is 
related to beverage production or the implementation of sustainable energy 
practices. Therefore, it is crucial to propose a flexible learning process in which 
competences emerge through didactic situations. In addition, the project´s 
duration can be extended as long as the different STEAM competences are 
significantly explored. It is also important for students to be aware of how their 
learning will be assessed, and constant feedback and feedforward should be 
provided during the sessions. 
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Abstract

This study is conducted within the project CriThiSE (Critical Thinking in Sustainability 
Education), which is a large-scale three-year longitudinal initiative that aims at scaling-up the 
implementation of Critical Thinking (CT) in the context of sustainability education in primary 
school. In cooperation with teachers, we develop their CT instructions and investigate if and 
how these instructions are enacted in their classrooms, and further investigate the influence 
on students’ development as critical thinkers. In this paper, we focus on the structural and 
context dependent aspects of the professional developmet project based on the experiences 
of using a specifically developed professional-development model (PD-model) in the five 
different intervention schools. By using a mixed method approach including interviews and 
questionnaires with the teachers from the ongoing project we discuss their experiences of 
the PD-model and its implementation at the different local schools. Most of the teachers 
perceived that they got a new and developed understanding of how to teach critical thinking 
in the context of sustainability education. However, we also discuss the experienced obstacles 
relating to structural issues such as school leadership and the working organization.

Key words

critical thinking, longitudinal study, primary school, professional development-model, 
sustainability education

1.	 Introduction

This presentation relates to Topic 3 (Structural dimension) and addresses the 
question: “What structures are needed for implementing and sustaining open 
schooling initiatives, such as school-community projects, on environmental 
issues?” Our study is conducted within the context of the project CriThiSE 
(Critical Thinking in Sustainability Education), which is a large-scale initiative that 
aims at scaling-up the implementation of Critical Thinking (CT) in the context of 
Education for Sustainable Development (ESD) in primary school. The goal is to 
develop students’ ability to relate critically and at the same time democratically 
to different perspectives on sustainability issues.
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As teacher educators, we have designed a research-based Professional 
Development (PD) program for in-service teachers. Our aim is twofold: Firstly, to 
equip primary teachers in science and other subjects with knowledge about ESD 
and CT, as well as competencies in teaching these topics. Secondly, by working 
with in-service teachers across regions and countries, we aim at spreading 
the classroom implementation at national levels. In our presentation we will 
explain our PD-model, as well as the in-service teachers’ perceptions on the 
implementation of this model. The PD-model is meant to be used by teacher 
educators, hence the relevance to the overall conference theme (Educating 
the Educators) and to Topic 3. Our presentation will be addressed from a target 
group-specific perspective, i.e., in-service teachers’ experiences. We intend to 
use the oral presentation format.

2.	 Theoretical background and rationale

In the last decades, much research has been done in relation to continuing 
professional development (CPD) and related quality criteria have been developed. 
To be effective, CPD should be collaborative and extended over time, include time 
for practice, coaching, and follow-up, be grounded in students’ curriculum, and 
aligned with local policies, be job-embedded and connected to several elements 
of instruction (Caena, 2011; Desimone, 2009; Lipowsky & Rzejak, 2012; Putnam & 
Borko; 2000). Research indicates that communicative and cooperative activities 
represent the core factors fostering sustainable impact of CPD programs (Lerman 
& Zehetmeier, 2008). Lerman and Zehetmeier (2008) also state that, in particular, 
providing rich opportunities for collaborative reflection and discussion (e.g., of 
teachers’ practice, students’ work, or other artifacts) presents a core feature of 
effective change processes. There is also growing evidence that collaboration 
among teachers is a key ingredient for effective CPD (e.g., Schleicher, 2016). 
However, we need more insights on the interplay of material, features of the CPD 
course and the background conditions (Lipowsky & Rzejak, 2015). In this study 
we therefore aim to develop and implement a PD program in different contexts 
and analyse the outcomes thereof.

CT has been proposed to be one of four main competences to promote 
within sustainability education (Church & Skelton, 2011), and suggested to be an 
underlying basic competence in ESD to develop students into action competent 
individuals in complex environmental issues (Wiek et al., 2016). Others express CT 
explicitly as a key competence, as going deeper into sustainability challenges will 
require a critical approach (UNESCO, 2017; Scheie et al., 2022) CT is also suggested 
to be a necessary competence in combination with the other sustainability 
competences (Scheie et al., 2022). However, there is a gap between policy and 
practice, and it has not been shown how CT can be integrated into sustainability 
education. In the project Critical Thinking in Sustainability Education (CriThiSE) 
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we are addressing this issue by working with primary teachers in an educational 
design project where the aim is to develop teaching of CT within sustainability 
education and investigate the outcomes thereof. As part of the project, we 
therefore develop a PD program on CT within sustainability education. 

3.	 Context: Critical Thinking in Sustainability Education (CriThiSE)

This study was carried out within the framework of the project CriThiSE 
(Critical Thinking in Sustainability Education). CriThiSE is a cooperation between 
Norwegian University of Science and Technology (NTNU), Karlstad University, 
Sweden (The SMEER Centre), Norwegian Centre for Science Education, National 
Centre for Writing Education and Research, The Nordic Institute for Studies in 
Innovation, Research and Education (NIFU), and five schools: one in Sweden and 
four in Norway. The project is financed by The Research Council of Norway, and 
is coordinated by Department of Teacher Education, NTNU.

The primary objective of the project is to develop teaching of critical thinking 
(CT) and investigate the outcomes thereof in primary education. CT is emphasized 
as a central twenty-first century skill - central in education, work life and civil 
society. Today’s schools therefore need to educate coming generations in a way 
that encourage them to reflect critically on their own and others’ decisions. 
This is a crucial issue where elementary school education should contribute to 
coming decades in order to facilitate continued democratic advance of society, 
as also recognized in the new Norwegian curriculum and governing documents. 
Sustainability challenges are complex, where values and knowledge form the 
basis for the decisions made. To validate the important choices that must be 
made in a pluralistic and democratic society, competence in CT is crucial (Davies 
& Barnett, 2015). 

In CriThiSE we are conducting a longitudinal study of what it means to think 
critically in school. We develop and evaluate teaching of CT within different 
contexts of ESD and within different subjects. In cooperation with teachers, we 
develop their CT instructions and investigate if and how these instructions are 
enacted in their classrooms, and further investigate the influence on students’ 
development as critical thinkers.

The project started 01.01.2020 and includes a 3-year intervention in upper 
primary school (grades 5-7) at five schools. Before the intervention started, 
we collected pre-surveys from teachers and students (60 control schools and 5 
intervention schools) and conducted teacher and student interviews (intervention 
schools). In the spring of 2023, we will carry out post-tests at both control schools 
and intervention schools to see if the intervention has had an effect on teachers 
and students. Control schools take part in quantitative data collection (pre and 
post), while intervention schools take part in quantitative and qualitative data 
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collection (pre, post and halfway). The presentation will include preliminary 
results of teachers’ experiences.

4.	 The CriThiSE PD-model

The overall purpose of the PD program is to develop teaching methods for 
ESD and CT in upper primary school and how they can be an integrated part of 
everyday teaching. The purpose is also to develop abilities in the students to take 
part in fruitful conversations about complex issues without simple answers that 
include a diversity of values and viewpoints, with a sound, critical stance.

The PD design was based on local PD studies (Haug & Mork, 2021; Scheie & 
Stromholt, 2019), as well as design principles from Caena (2011) and Desimone 
(2009). The work structure of our PD-model is presented in figure 1. We run 
three workshops á 2 hours per semester, in total 18 meetings over a period of 
three school years. During each workshop teachers exchange experiences, and 
teacher educators present new theory, didactics and model a new classroom 
activity. Between meetings, teachers practice collaborative work, try-outs and 
student involvement. During the last school year, the teachers will plan and carry 
out a larger project at their own school which is based on an authentic dilemma. 

Figure 1. CriThiSE PD-model

5.	 Methodology

The data collection for this presentation used a mixed method approach 
including a teacher questionnaire from five intervention schools, and focus 
group interviews with a sample of teachers. In total, 48 Norwegian and Swedish 
primary school teachers answered the questionnaire. The teachers had teaching 
experience ranging from 0 to 40 years, averaging to 14 years. The results were 
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analysed using descriptive statistics. Teachers from five different schools teaching 
5th to 7th Grade were selected via opportunity sampling to take part in focus 
group semi-structured interviews. During the interview they were asked to 
elaborate on “can you think about how your understanding of CT has changed 
during the intervention and how this affects your teaching?” Interviews were 
subject to thematic analysis (Robson & McCartan, 2016).

6.	 Preliminary findings and discussion

Based on the preliminary analysis of the interview data we see that teachers 
from intervention schools have a more nuanced picture of CT than before, e.g., as 
illustrated by this statement: “Before, I thought that paying attention to sources, 
being critical of sources, was critical thinking. Now, because of the intervention, I 
am much more aware of the importance of CT and see it in relation to my students 
and teaching in several ways”. They are more conscious, see more possibilities on 
how to include CT in their teaching and see the importance of giving students the 
right tools, e.g., “I feel that I have become more aware of it in my teaching, how 
to use it. I think this has come about because we have talked more about it and 
tested various activities with the students. I see more now how important it is 
that students learn to think critically and get some tools to practice it”. Teachers 
see the importance of CT for students as future citizens; “CT and dilemmas in 
sustainability in teaching create commitment and motivation, both for me as 
a teacher and my students. Students reflect and think about questions that we 
teachers don’t know the answer to either, participate in discussing dilemmas 
that concern them about their own lives. This will prepare students for society 
and help them to use their own voice.” 

These qualitative results are supported by quantitative data from teacher 
surveys. In the survey we asked teachers about their teaching practice “before” 
the CriThiSE intervention and 2 years into the intervention. Their answers 
changed over these two years. For example, on the statement “I think that the 
teaching should have conversations where different perceptions are presented 
and discussed” the proportion who responded “to a very large extent” changed 
from 17% before to 48% after the intervention. Likewise replying to the statement 
“I should encourage students to have their own opinions on the issues we are 
working on” their answer to a “very large extent” changed from 28% to 52%. 
Furthermore, the answer to “students should examine critical the content of texts 
they read” changed from 22 % to 52 % in the category “to a very large extent”. 
Considering the statement “teaching should be linked to current events”, their 
answer in the category “to a very large extent” changed from 20% to 48%.

There are several success stories from teachers participating in the intervention, 
but both we, as a research group, and the teachers have faced several obstacles. 
Professional development in school depends on the principal’s participation 
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and commitment. In one of the schools, the principal was replaced twice. This 
had a major problematic impact on both the meetings with the teachers and 
the general communication with the school. At one of the other schools, the 
collaboration between the teachers did not work in one of the grades. This led to 
few conversations, elaboration and little use of dilemmas and CT in their teaching. 
In general, the teacher has little time for planning and preparing in depth for their 
own teaching, while the intervention use, in comparison, a lot of time discussion 
small steps in teaching about dilemmas and CT. The teachers were supposed to 
both discuss with their colleagues and plan for their own teaching about ideas 
received at the intervention. It took quite a long time to incorporate this practice 
with the teachers so that we could discuss experiences from their own teaching 
at the next meeting. It was a complicating factor that the teachers should work in 
interdisciplinary teams. Additionaly, the teacher groups were supposed to work 
together between the meetings. This also meant that the principal had to set up 
planning time for teacher groups between the meetings, but this often did not 
happen. Our obstacles are in line with Gericke and Torbjörnsson (2022), who 
found that scepticism, ambiguous management and local contexts hampered 
the intended change. Still, several teachers saw the benefit from working at 
school with tasks from the intervention and even though the intervention is still 
ongoing, teachers indicate that they benefit from it, and especially the try-outs 
and student involvements: “I see the benefit of these meetings more when I 
have carried out teaching with the student related to what we had last time. I 
become more motivated and also get to reflect on my own experiences from the 
classroom. It increases my competence as a teacher”.
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Abstract

Outdoor learning (OL) has been reported to support understanding, knowledge, and 
motivation in terms of STEM and sustainability education, the latter in the context of 
environmental education. Pre-service and in-service teachers perceive OL as an authentic 
context for developing STEM and problem-solving skills in children. In terms of impact on 
learning and overall well-being, OL could provide additional support for open schooling. 
However, one repeatedly cited barrier regarding planning and implementing OL with a class is 
insufficient personal experience and training during initial teacher training. Practitioners and 
researchers argue that OL should be an integral part of initial teacher training. How to prepare 
(future) teachers for these approaches? And how can co-creation support this process? We 
want to address these two questions from the perspective of teacher educators at teacher 
training universities. Using OL for collaborative discovery of local phenomena provides teachers 
and teacher educators with a tool for teaching STEM and sustainability education, while also 
providing one of many opportunities for open schooling. The presentation combines findings 
from a systematic literature review on OL in teacher training with practical experiences of 
a teacher educator, who used OL in different teaching settings for STEM and sustainability 
education. 

Keywords

outdoor learning, teacher training, systematic literature review, outdoor journeys

1.	 Open Schooling and Outdoor Learning (OL)

A report by Make it Open, an EU Horizon 2020 project to support open 
schooling, tried to define open schooling and characterize some main features to 
help educators to plan and structure an open schooling project or programme. In 
the report, Dee Halligan (Director of Forth Together CIC) explains: “Open learning 
and open schooling are broad terms which describe learning which is ‘open’ 
in terms of timing, location, teaching roles, instructional methods, modes of 
access, and any other factors related to learning processes. Most schools already 
do some level of open learning, through off site trips, on site visits and remote 
learning.” We intend outdoor learning (OL) has a holistic approach to learning 
that fits this description perfectly.
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We base the definition of OL on the concept of education outside the 
classroom, which stems from Scandinavia. It means that school subjects are 
taught in real natural settings such as parks or forests, or in real cultural settings 
such as schoolyards, museums, or cemeteries (Barfod et al., 2016). The lessons 
are taught in a pupil-led, teacher-facilitated way based on experiential learning. 
Physical activity is not a goal, but an integral part of teaching and learning activities. 
Outdoor learning intends to give children the opportunity to have personal and 
concrete learning experiences by using their bodies and senses in a real-life 
environment. Like open schooling, field trips and excursions provide a level of 
outdoor learning. However, the goal is to have weekly or bi-weekly activities that 
are regularly integrated into the daily routine and curriculum (Bentsen et al., 
2009; Nielsen et al., 2016). 

Why is OL relevant for STEM and sustainability education? Many studies have 
reported that OL enhances understanding, knowledge, and motivation in STEM 
and sustainability education, the latter in the context of environmental education 
(Dale et al., 2020; Dettweiler et al., 2017; Mann et al., 2021; Rickinson et al., 2004). 
Through the 20th century, the focus of outdoor education moved from learners’ 
personal skill development and health care to science education clearly addressing 
environmental issues. In natural settings, OL authentically addresses the issues 
of access to natural resources and the learner’s place in nature. The OL practices, 
then, developed within a Western cultural history of opening school learning to 
consider the social and natural environment in which learning occurs (Wolf et 
al., 2022). Since the 1990s, several studies reported positive impacts on school 
students’ general health and well-being, connection to nature, and engagement 
in learning with curriculum-based OL (Bentsen et al., 2022; Lieberman & Hoody, 
1998; Lloyd et al., 2018; Marchant et al., 2019; Waite et al., 2016). Because of 
the growing interest in using nature and the environment for education, the U.S. 
and the U.K. governments even have incorporated OL into educational strategies 
and policy developments, e.g., learning for sustainability (Beames et al., 2011; 
Higgins et al., 2021), and environmental education (North American Association 
for Environmental Education, 2019). We would like to consider the two following 
questions: How to prepare (future) teachers for these approaches? And how can 
co-creation support this process?

2.	 Outdoor Learning (OL) in initial teacher training

Pre-service (Jegstad et al., 2018; Khwaengmek et al., 2021) and in-service 
teachers (Christie et al., 2016; Glackin, 2016; Oberbillig et al., 2014) perceive OL as 
an authentic context for developing STEM and problem-solving skills in children. 
However, one repeatedly cited barrier regarding planning and implementing OL 
with a class is insufficient experience and training during initial teacher training. 
Practitioners and researchers argue that OL and outdoor teaching should be an 
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integral part of initial teacher training (Hammerman, 1960; Kassahun Waktola, 
2009; Lindemann-Matthies et al., 2011). 

In initial teacher education programs around the world, OL is offered more in 
science courses – such as biology or science methods – than in other disciplines and 
sometimes in outdoor or environmental education courses. Therefore, it seems 
that OL provides a holistic learning and teaching approach in STEM education. 
Wolf and colleagues (2022) analysed the relevant literature and found that 
creativity and collaboration are important skills for OL in initial teacher training, 
both for pre-service teachers (developing those skills) and for teacher educators 
(using those skills to increase the quality of their teaching). Together with critical 
thinking and communication, collaboration and creativity form the basic skills for 
learning in the 21st century, also known as the 4C-based learning model (Binkley 
et al., 2012; P21, 2015). We support the idea that teachers and teacher educators 
need the same skills to introduce or promote a new approach into their teaching. 
As teacher educators, if we are creative or innovative in designing courses, we 
can also inspire pre-service teachers to be creative and novel in their pedagogical 
ideas (Dyment et al., 2018). For example, environmental education was found 
to be a potent source of creativity and continuity for pre-service teachers in 
curriculum planning for science (Bore, 2006). Collaboration can be diverse and 
multi-dimensional. Wolf and colleagues (2022) described three dimensions 
of collaboration in initial teacher training; firstly, between teacher training 
universities and schools or the community (e.g., Moseley et al., 2002; Kalungwizi 
et al., 2020, respectively), secondly, within teacher training universities between 
teacher educators (Bore, 2006), or thirdly, in the context of teaching strategies, 
e.g., collaborative conversations (Howes et al., 2004). 

3.	 Ways to increase OL practice in initial teacher training 

We think that learning and practicing OL as a method and an approach to 
teaching can help pre-service teachers to become familiar with STEM and 
sustainability education and in the broader sense with open schooling. The 
presentation relates to how teacher educators proceed when introducing pre-
service teachers to OL in the context of STEM and sustainability education. 

Luana Monti Jermini will illustrate the content of a didactic sequence and 
her pupils’ learning successes. This experience shaped her teacher training 
activities in STEM, outdoor and sustainability education. In particular, she will 
explain how “outdoor journeys”, an approach she implemented in a secondary 
education geography class, support cross-curricular, place-based learning, and 
how it involves a high degree of student responsibility and the socio-cultural 
and geo-physical story of students’ local landscape (Beames & Ross, 2010). This 
will provide an idea of what can be accomplished when educators direct their 
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attention to local phenomena. Furthermore, we confirm to which extent place-
based education “develop a readiness for social action, and, with the proper adult 
guidance, the skills needed for effective democratic participation” (Gruenewald 
& Smith, 2014, p. xx). We will share more insights on the didactic approach to 
OL in teacher training, which we believe can strengthen the development of 
teachers’ professional skills and self-efficacy in STEM and sustainable education. 

Research and development projects that foster collaboration between research 
and teacher training can be a driver for STEM and sustainability education. 
Increased collaboration within and across universities of teacher education could 
drive the development of a new curriculum for pre-service teachers that integrates 
holistic approaches such as OL and focuses on developing the necessary skills.
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Abstract

The primary purpose of this study was to document and interpret a co-teaching experience 
of the authors to engage prospective elementary teachers in STEAM Education through a 
sustainability problem. The focus here is upon factors that foster or hinder the competential 
learning. These are Project Based Learning (PBL); the entry point in a possible connection 
between climate change and rubbish; the mathematic contents involved (graphics, statistics, 
proportionality, etc.); and teamwork. The description of the experience put special attention 
on the formative assessment process as a key point. The results suggest that these prospective 
elementary school teachers learned approaches to science and mathematics instruction 
advocated in the national curriculum as well as developed professional competences.
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1.	 Introduction

Integrated STEAM Education (STEAM-Ed) is a methodological approach that 
promotes the integration of academic subjects through Project Based Learning 
(PBL). It is becoming a worldwide movement that aims to promote students’ core 
competencies while enhancing and providing them with a deeper understanding 
of the curriculum (see Belbase et al., 2021, for an updated review on the topic). The 
importance of promoting the integrated learning of mathematics and science has 
been claimed for decades (see, e.g., Eurydice report, 2012), and the new Spanish 
curriculum (Ministerio de Educación y Formación Profesional, 2022) has included  
the “STEM competence”, but there is yet little work on STEAM teacher training 
and few robust theoretical frameworks (Ortiz-Revilla et al., 2021). 

The STEAM-Ed model presents teachers with opportunities to connect the 
curriculum, not only with other subjects but even within each subject itself. On 
the other hand, this integration may jeopardize some topics and ideas that need 
a more abstract setting and/or deliberate practice. To accommodate these two 
valid, research-based, but opposing views, we need to establish boundaries about 
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when, where, and especially how STEAM-Ed is the appropriate way to develop 
certain competencies.

In this paper, we focus on how STEAM-Ed can reach Higher Education to build 
both a more integrated view of the curriculum and the experience of a new 
methodology that can be applied in the future. The connections arise from the 
fundamental theme of Environmental Education, which underpins our proposal 
where students’ reflections on this topic are accompanied by the quantitative 
reasoning and analysis they need to develop as future mathematics educators.

2.	 What is “Get to know your rubbish”

The models with which we have been educated are the essential reference 
for the models we will use when we become teachers (Beswick, 2006; Rivero et 
al., 2011). For this reason, the lack of personal experience of the methodology 
is one of the factors that make it difficult for teachers to implement PBL in their 
classrooms. Since we must offer examples and experiences to teachers in training 
in those educational methodologies that we intend to find in their future practice, 
we have involved students in an Integrated STEAM proposal. At the same time 
that the students have gone through this process, they have been introduced to 
the main aspects of the methodology, always seeking coherence between the 
experience and the theoretical foundations of STEAM-Ed.

“Get to know your rubbish” is the result of the merger of two electives for 7th 
semester Teacher Education students. Environmental Education and Mathematics 
Education meet in a Project Based Learning STEAM approach, where our students 
gained first-hand experience of the methodology, advancing in the curriculum 
for both courses while working in an open school setting.

Our PBL proposal starts from the general topic of sustainability, in particular 
rubbish generation and recycling, to raise awareness of our own effect on the 
environment. This proposal seeks to answer the question of how to teach 
preservice teachers to develop and implement open educational projects that 
allow students to learn science and mathematics in a meaningful, open and hands-
on environment. The collaboration between the two lead teachers has allowed us 
to challenge the students from both disciplines, melting the boundaries between  
them in terms of the schedule, curriculum, and regular assignments. The authors 
of the paper sought to be consistent in teaching STEAM by example.

3.	 Description of the experience (Outline of the presentation)

3.1 Context 

The experience took place between February and May 2022, with a small 
group of 8 trainee teachers in their 7th semester at the Faculty of Education in 
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Segovia (Spain). Elective subjects of Environmental Education and Mathematics 
Education, each with a workload for the students of 6 ECTS (approximately 4 
face-to-face hours and 6 non-face-to-face hours per week).

3.2 Entry point: The ‘Get to know your Rubbish’ challenge

The activity began with a news item about the largest landfill in Europe, located 
in Madrid, less than 100 km from our classroom (Figure 1). During the first 4 
weeks the students were introduced to the environmental problems, in particular 
the greenhouse effect, created by this garbage. The news headline focused on 
methane emissions. This gave rise to several issues related to the SDGs. Divided 
into two groups of four students each, they were asked to do further research 
on this topic as they went through a process of collecting data on the garbage 
discarded in each of their 8 homes, which was then represented and analyzed. 
This research was guided by the lead-teachers through formative assessment.

Figure 1. News used like entry point of the project (https://www.20minutos.es/
noticia/4919992/0/asi-es-el-vertedero-mas-grande-de-espana-irregularidades-gases-toxicos-

y-el-mayor-emisor-de-metano-de-europa/)

The students were then challenged to make a contribution that could raise 
awareness of this issue outside of our classrooms, particularly for primary school 
teachers or trainee teachers. One group chose to create an art installation to 
show how much trash the community produced in a day (paper, packaging and 
mixed waste). The second group, on the other hand, proposed to record video 
tutorials of various DIY ideas for self-made school supplies from recycled plastic. 

The main difficulties for the students were the choice of the specific topic 
they wanted to address, teamwork and time management. They had to learn 
to manage this situation of great freedom and autonomy, to which they are less 
accustomed. At the same time, during the classes, they reviewed the types of 
plastics, the management of urban waste, the use of spreadsheets, the types of 
variables and the elaboration and analysis of graphs.
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3.3 Development: Making a contribution

During the following 4 weeks, the students had to put their ideas into practice. 
Each group had a different final product in mind and, therefore, interactions 
between the two groups decreased during that time and each group focused on 
different aspects, depending on the chosen objective.

As they had never developed a project before, engineering strategies such as 
Scrum and Kanban were introduced (Figure 2). Teamwork was - as expected - 
complicated and the tensions arising from the sudden innovative environment 
were analyzed and discussed in their dual role as students and future teachers. 
While the students worked in an adequate and committed manner during these 
weeks, the classes did not result in clear notes specifying a list of topics to be 
learned for an exam and, although they knew the competencies to be developed 
in both courses, the students had an expectation based on the content that 
caused some trepidation.

At the end of the allotted time, the art installation was displayed at the entrance 
of the main building of our campus and the video tutorials were promoted on 
social media (Figure 3). The art installation was surrounded by posters and 
QR codes explaining the project, providing additional information on waste 
generation and disposal, and linking to the video tutorials.

3.4 Assessment of the process and learning auto-assessment

Every student reflected about their own learning process in the group; about 
the PBL methodology, and about the two subjects. They filed a three-column 
table: in the middle column the learning objectives had been included by the 
lectures, their project areas for improvement at left and learning notable aspects 
at right. They wrote things like:

To improve: “It did not occur to me to compare the data with other Spanish 
citizens to see if our consumption was normal or if we were more or less aware. 
Also, this should have been extrapolated to other countries”; “To break down 
activities that may block the main tasks into sub-tasks”; “I would like to get  
involved with more associations and in the future, as soon as I have more time, I 
will do so in order to share and give visibility to all that I have learnt”. 

Notable aspects: “I understand how and why the process of statistical inference 
is performed and I think I could replicate it in a similar project”; “Through data 
collection I have become aware of the amount of waste we generate in our 
households”; “We integrate the plastic arts in the activity that we propose to 
carry out in schools, in addition, the assembly of videos, infographics and our 
social networks, follow a striking model capable of being interpreted in a visual 
way and that captures the attention of many people while taking care of the 
aesthetics”.
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Figure 2. Students group working 

Figure 3. The Education Degree students preparing the art installation 

4.	 Final reflections 

The actual implementation of this idea gave us a better understanding of the 
tensions that arise when first experiencing PBL as a student in Higher Education, 
as well as the advantages of this integrated approach. We believe the experience 
has been very positive for us as lead-teachers, since we have also gained practical 
experience on a methodology that, up to that moment, we had only experienced 
as mentors of several primary school teachers with whom we have worked for 
the last 6 years. As well, we learned one from sharing the task in the classroom 
and we hope to have transferred some of it to the students.

Regarding our students, we think the experience made them improve on all 
the competences that we had planned to include, of course, to get acquainted 
with this methodology from a personal viewpoint. The share and formative 
assessment of the process was key, as well as collaboration between the two 
groups to raise the goal in time. 

It is important to mention here the importance of emotions in learning processes 
which is being studied especially in the field of science and mathematics. The 
role of the teacher is very important in this aspect, especially when it comes 
to detecting problems and providing working tools. The emotions flow through 
the project. The insecurity at the beginning, the joy at the creativity stage, some 
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frustrating moments for the students that they had to manage, because they 
couldn’t obtain the result they had dreamed of, and finally, joy again when the 
public exhibition took place, and they received feed-back and questions.  

We think that some of the tensions that arose were not originated by the 
STEAM-Ed or PBL approach themselves, but because of their lack of experience 
with how competency-based assessment is conducted. It is important to note 
with respect to this issue that Spanish law has applied this approach since 2006, 
but its reality is content-based testing and our best students tend to be rather 
competitive with their grades.

This teaching experience can be transferred to other settings taking into 
account organizational issues such as having the same set of students in both 
courses as well as the greater dedication to face-to-face teaching, since co-
teaching has been necessary in certain parts of the experience. 
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Abstract

This study examined teachers’ self-efficacy in STEM and computational thinking (CT) and 
identified distinct profiles based on their self-efficacy ratings. Most teachers recognized 
the relevance of STEM integration, problem-based learning, computational thinking, and 
teamwork. However, variations in self-efficacy were observed across specific areas. These 
findings highlight the need for targeted interventions, particularly for teachers in cluster 3, 
to enhance self-efficacy in STEM and CT education. Gender differences in profile membership 
were also noted. This study informs effective professional development programs in these 
domains.
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Introduction

STEM education has gained global attention from ministries of education due 
to its recognition of the importance of STEM-related competencies for economic 
growth and global competitiveness (Kennedy & Odell, 2014).Technological 
advancements and societal changes have driven economic and occupational 
shifts, leading to the emergence of the fourth industrial revolution, also known 
as Industry 4.0 (Schleicher, 2019). While the term “STEM” is often used to convey 
innovation and excitement, it can still be perceived as disconnected subjects 
(Wang et al., 2011). Integrated STEM education aims to break down the perceived 
barriers between the four disciplines of science, technology, engineering, and 
mathematics, fostering students’ understanding of the practical applications of 
STEM to address real-life technical and social challenges. However, implementing 
integrated STEM education is complex and challenging, as it requires more than 
just treating different subject areas in parallel (Knipprath et al., 2018). Despite 
the clear benefits of an integrated STEM approach (Becker & Park, 2011; Roberts, 
2013), the implementation in practice does not always align with the intended 
goals. Creating meaningful connections between STEM disciplines is a challenging 
task that involves iteratively matching and reorganizing learning goals across 
different disciplines, determining appropriate sequencing of these goals, and 
incorporating new learning objectives (Thibaut et al., 2018). Many teachers 
face obstacles in adopting a more integrated STEM methodology due to these 
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complexities (Margot & Kettler, 2019). Consequently, professional development 
plays a crucial role in enhancing the quality of STEM education and classroom 
practices (Loughran, 2014).

Similarly, the integration of computer technology and programming has had 
a profound impact on society and is considered a vital component for academic 
and professional success in the technologically advanced 21st century (Shute et 
al., 2017). Consequently, computational thinking (CT), a complex competency 
defined as a way of thinking that can be applied to various fields requiring problem-
solving skills (Wing, 2008), has been recognized as a critical 21st-century skill 
(Angeli et al., 2016) and is increasingly being integrated into national curricula 
across the world (Bocconi et al., 2022; Hsu et al., 2018; Law et al., 2018; Voogt et 
al., 2015)

Currently the ‘iSTEM inkleuren’ project aims to translate scientific knowledge 
on integrated STEM-approaches into practice and builds on research conducted 
under the ‘STEM@School ‘project (Knipprath et al., 2018), which provides a 
framework and lesson materials to facilitate an integrated approach. Because 
short interventions have been shown to have a limited impact on teaching 
practices (McConnell et al., 2013), the project adopts a more demand-driven 
model for teacher professionalisation (i.e., teacher design team, TDT). A TDT can 
be described as a group of teachers who (re-)design curriculum materials together 
(Handelzalts, 2009). A distinctive characteristic of TDTs is the sort of design task 
at hand. This collaborative and inclusive approach allows for the development 
of innovative and contextually relevant educational practices that align with 
the needs and interests of the students and the broader community. STEM 
teacher design teams, through their professionalization efforts, can contribute 
to the creation and dissemination of open educational resources, collaborative 
projects, and community engagement initiatives, thereby fostering a more open 
and interconnected learning environment.

The integration of STEM and CT, like any other innovation, into education is 
influenced by the attitudes and perceptions of teachers (Davis, 1989). Furthermore, 
the perceptions and attitudes of teachers towards teaching and learning play a 
significant role in shaping their instructional practices and impacting the resultant 
learning outcomes (Tschannen-Moran & Barr, 2004; Tschannen-Moran & Hoy, 
2001). As the implementation of CT ad STEM in many education systems is still 
in its infancy (Bocconi et al., 2022), we want to better understand how teachers 
that participate in iSTEM training initiative perceive and rate their ability to teach 
integrated STEM and computational thinking. By doing so, we aim to contribute 
evidence which could inform any effort of designing efficient training and proper 
preparation of teachers for the integration of CT in education. To guide our 
efforts, we formulated the following research questions:
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1. What are the self-efficacy profiles of teachers participating in the iSTEM
training initiative regarding their ability to teach integrated STEM and
computational thinking?

2. How do teachers perceive the relevance of integrated STEM and
computational thinking?

3. Are there significant differences in self-efficacy profiles among teachers
based on demographics?

Method

Participants

The data for this study was collected at the beginning of the professionalization 
initiative through an online survey. Participants were 171 secondary school 
teachers from the Flemish education system who engaged in a professional 
development trajectory focused on interdisciplinary Teacher Design Teams (TDTs). 
The TDTs consisted of 4-5 teachers collaborating together. Of the participants, 
86 identified as female, and 85 identified as male. The average age of the 
participants was 45 years, and their average teaching experience was 14 years, 
ranging from 0 to 30 years. Each TDT was supported by an iSTEM coach who 
guided the team in incorporating the principles of integrated STEM education. 
The online survey served as a tool to collect relevant data and insights from the 
participants regarding their self-efficacy and perceived relevance of STEM and 
computational thinking in education.

Instrument

To assess teachers’ self-efficacy in teaching computational thinking, the 
questionnaire used in this study was adapted from the TPACK (Technological 
Pedagogical Content Knowledge) questionnaire developed by (Schmid et al., 
2020). To measure teachers’ self-efficacy specifically in teaching STEM and 
computational thinking, the questionnaire items related to subject content and 
pedagogical knowledge were modified (e.g., “I know the basic theories and 
concepts of computational thinking “, instead of “I know the basic theories and 
concepts of my teaching subject”). Additionally, items to measure perceived 
relevance were included in the questionnaire, drawing from the attitude 
questionnaire developed by Thibaut et al. (2018). These items assessed teachers’ 
perceived relevance towards STEM integration, problem-based learning, 
computational thinking, and teamwork. This resulted in a 36-item questionnaire, 
in which participants were asked to rate each item on a five-point Likert scale 
ranging from 1 (strongly disagree) to 5 (strongly agree).

Analysis

To identify different self-efficacy profiles among teachers, a two-step cluster 
analysis (CA) was employed. Cluster analysis is a statistical method used to 
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group individuals based on similarities across multiple variables. In this analysis, 
the goal was to identify homogenous groups of teachers without any prior 
knowledge of the grouping structure, making it a taxonomy analysis. The two-
step cluster analysis approach was chosen for this study. This approach consists 
of two separate steps, with the first step being the pre-clustering phase. During 
this step, each case is examined individually to construct a cluster features (CF) 
tree. The log likelihood distance measure is used to determine whether a case 
should form a new pre-cluster on its own or be merged with other similar cases. 
After scanning all cases, the resulting pre-clusters are treated as independent 
entities and serve as the raw data for the next step. The advantage of the two-
step clustering approach is that it reduces the size of the distance matrix by 
basing it on the number of pre-clusters rather than the total number of cases. 
Additionally, the pre-clustering step automatically standardizes all continuous 
variables, eliminating the need for separate data transformation steps. The final 
number of clusters was determined using statistical metrics, such as the silhouette 
measure of cohesion and separation. This measure assesses how well an object 
is matched with its own cluster and how poorly it is matched with neighbouring 
clusters. Scores for the silhouette measure range from -1 to 1, with higher values 
indicating better cluster fit. After the pre-clustering step, an agglomerative 
algorithm is used to complete the clustering procedure. For a more detailed 
description of the methodology, references such as Meila and Heckerman (2013), 
and Banfield and Raftery (1993) can be consulted. The analysis was performed 
using IBM SPSS Statistics (Version 28). The scale variables used in the cluster 
analysis were extracted from the previously mentioned survey.

Results

Our analysis indicated that a three-cluster solution was the most optimal 
solution for the data, because it minimized the models’ Bayesian inference 
criterion value (BIC) and the ratio of BIC change between adjacent numbers of 
cluster. Moreover, the model with three clusters was complies with the statistical 
criteria that each separate cluster should not contain fewer than 7% of the total 
number of respondents, and a multivariate test should indicate that the cluster 
solution explains at least 50% of the total variance (Tinsley & Brown, 2000). The 
number of respondents belonging to each of the clusters exceeded 7% of the total 
number of respondents (see Table 1). Table 1 also shows the cluster membership 
for men and women.  Moreover, the data contains enough cases (N = 171) to 
satisfy the cases to variables assumption, as guidelines indicate a minimum of 10 
cases per independent variable (Schwab, 2002). A graphic representation of the 
profile cluster can be found in Figure 1. 
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Table 1. Cluster profiles 

Self-efficacy Perceived relevance

Ntotal Nmale Nfemale Mage
STEM 

content
STEM 

pedagogy
CT 

content
CT 

pedagogy
CT-STEM 
pedagogy

STEM 
integration PBL CT Team

work

Cluster 1 44 19 25 41 4,26 4,10 4,10 3,76 3,97 4,47 4,41 4,42 4,46

Cluster 2 84 38 46 48 3,72 3,28 3,28 2,88 3,23 3,97 4,03 4,01 4,14

Cluster 3 43 28 15 43 2,93 1,97 1,97 1,85 1,88 3,73 3,92 3,83 3,92

All 171 85 86 44 3,66 3,29 3,16 2,85 3,08 4,04 4,10 4,07 4,17

Figure 1. Profiles identified in this study

In the following section, we will present the characteristics of each cluster 
in detail. As the teachers’ perceived relevance towards STEM integration, 
problem-based learning, computational thinking, and teamwork in each cluster 
differs marginally, we will exclude it from this comparison. We do however note 
regarding our second research question that overall, most teachers perceive STEM 
integration (M= 4.04, SD= 0.55), problem-based learning (M= 4.10, SD=0.56), 
computational thinking (M= 4.07, SD=0.48), and teamwork (M= 4.17, SD=0.65) 
as relevant educational practices. 

Cluster 1 (N = 44, 26%) can be considered the most favourable profile cluster 
as teachers rate there self-efficacy regarding STEM content (M= 4.26, SD= 0.48), 
STEM pedagogy (M= 4.10, SD= 0.52), CT content (M= 3.76, SD= 0.51), CT pedagogy 
(M= 3.76, SD= 0.56), and CT-STEM pedagogy (M= 4.47, SD= 0.48) higher than 
teachers in cluster two and three. This cluster consists of 19 male (22%) and 25 
female (29%) teachers.

Cluster 2(N = 84, 49%) (N = 43, 25%) can be considered a good but average 
profile cluster as teachers rate there self-efficacy regarding STEM content (M= 
3.72, SD= 0.48), STEM pedagogy (M= 3.28, SD= 0.59), CT content (M= 3.28, SD= 
0.62), CT pedagogy (M= 2.88, SD= 0.51), and CT-STEM pedagogy (M= 3.23, SD= 
0.50) lower than teachers in cluster one but higher than teachers in cluster three. 
This cluster consists of 38 male (45%) and 46 female (53%) teachers.
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Cluster 3 (N = 43, 25%) can be considered the least favourable profile cluster 
as teachers rate there self-efficacy regarding STEM content (M= 2.93, SD= 
0.92), STEM pedagogy (M= 1.97, SD= 0.93), CT content (M= 1.97, SD= 0.79), CT 
pedagogy (M= 1.85, SD= 0.77), and CT-STEM pedagogy (M= 1.88, SD= 0.67) lower 
than teachers in cluster one and two. This cluster consists of 28 male (33%) and 
15 female (17%) teachers.

Discussion and conclusion

The present study aimed to identify different profiles of teachers’ self-efficacy 
in teaching STEM and computational thinking (CT). The results revealed three 
distinct clusters, each representing a different profile of self-efficacy. It is important 
to note that the perceived relevance towards STEM integration, problem-based 
learning, computational thinking, and teamwork did not significantly differ 
among the clusters. The findings suggest that teachers with profiles in Cluster 
3 may have the most to gain from interventions aimed at improving their self-
efficacy in teaching STEM and computational thinking. Targeted professional 
development programs could be designed to address the specific needs and 
challenges faced by teachers in this cluster. Gender differences were observed in 
profile membership, with more male teachers in Cluster 3 compared to the other 
clusters. This finding highlights the importance of considering gender-specific 
factors when designing interventions and support mechanisms to enhance self-
efficacy in STEM and computational thinking among teachers.
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Abstract

This ongoing mixed-methods research investigates how mathematics teachers could help 
facilitate the development of students’ mathematical understanding through mathematical 
modelling. It explored the potentiality of mathematical modelling tasks themed with issues 
on solid waste management in unpacking critical citizenship among mathematics students. 
Results showed that the designed mathematical modelling tasks centered on solid waste 
management problems facilitate the development of mathematical understanding and critical 
citizenship of students. By using such tasks, mathematics teachers can learn to become more 
concerned about their natural and social environment, while helping students come up with 
strategies for a sustainable living. This suggests that mathematical modelling activities that 
explore environmental issues could be a good avenue for students to gradually become critical 
members of society. 

Keywords

critical citizenship, mathematical modelling, mixed-methods research in mathematics 
education, solid waste management issues 

1. Background and rationale of the study

Life has become more daunting than ever with the accelerated globalization
and rapid technological advancement. This reality calls education sectors to 
revolutionize teaching and learning approaches in order to help individuals 
become ready for their future. For this reason, the Organization for Economic 
Cooperation and Development (OECD) has framed competencies necessary 
for one to thrive in this “volatile, uncertain, complex and ambiguous (VUCA) 
world” (OECD 2030 Learning Framework, 2018, p.10). These competencies are 
expected to help students become functional, responsive, resilient, responsible, 
concerned, reflective and critical citizens. 

Mathematics education experts have long encouraged mathematics teachers 
to provide learning tasks that highly engage students in solving problems and 
developing reasoning abilities. These tasks should help mathematics teachers 
facilitate students’ search for meaningful connections between mathematical 
concepts and the world, and should also allow teachers to pose questions that 
will help in advancing students’ reasoning skills (National Council of Teachers 
of Mathematics, 2014). Hence, for students to possess the competencies for 
sustainable future, teachers have to be equipped with the knowledge and skills 
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for innovative and creative teaching and learning, evident from their designed 
learning tasks. This innovative learning engagement may be possible by integrating 
mathematical modelling approach. Mathematical modelling is interdisciplinary in 
nature and helps students make mathematical descriptions of meaningful real-
life situations (Erbas et al., 2014) to make mathematics classes more meaningful, 
dynamic, and relevant. 

In this study, the mathematical modelling tasks designed by the researchers 
were centered around solid waste management issues. Such tasks connect 
mathematics and environmental education, and exhibit bringing to life the 
principle that Science, Technology, Engineering and Mathematics (STEM) 
education should provide logical and authentic connections between and across 
the individual STEM disciplines (Principle 2, STEM4: The power of collaboration 
for change, 2020). Thus, designing such modelling tasks paves the way to not 
only assist students in enhancing their mathematical understanding, but also in 
strengthening their environmental education, in particular, knowledge on climate 
change, sustainable development, and sustainable solutions. This understanding 
helps students become more concerned about their environment, allowing them 
to participate in framing response mechanisms and strategies towards mitigating 
this environmental issue, at the community level, and thereby gradually attain a 
sustainable future.  

2.	 Theoretical underpinnings

This study was anchored on the theoretical perspectives of critical mathematics 
education (CME), which support addressing social development issues and views 
of mathematics education as a contributor towards critical citizenship (Skovsmose 
& Niss, 2008). In particular, mathematics education for critical citizenship was 
used to ascertain that students are actively engaged as critical members of the 
society. This study also considered O’Donnell’s (2018) transdisciplinary lesson 
and unit framework in organizing mathematical modelling tasks on solid waste 
management.

The idea that mathematics education develops critical citizenship provides 
an avenue for students to become empowered, get involved, and be engaged 
with a community or social issue (Skovsmose, 1994; OECD 2030 Learning 
Framework). It helps students become active citizens (Skovsmose, 1994), which 
means having a developed critical thinking and decision-making skills to make 
informed decisions (Zeidler & Nichols, 2009; Maass et al., 2019), and one’s 
ability to form sound opinions, ethical or social reasoning (Maass et al., 2019). 
As critical citizens, individuals discern their roles as critical members of society 
conceiving of actions that will make a difference (Skovsmose, 1992, 1994). The 
use of mathematics education for critical citizenship enhances student’s literacy 
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and numeracy skills (Skovsmose, 1994; Jazby, 2017) by applying mathematical 
understanding in authentic problems (Maass et.al., 2019), helps in one’s 
participation in the understanding and transformation of the society (Giroux, 
1988, as cited by Skovsmose, 1992), allows one to master specific mathematical 
skills and particular forms of knowledge (Giroux, 1988, as cited by Skovsmose, 
1992), and improvement of students’ civic competence (Skovsmose, 1994) by 
making them aware of their community obligations (Gramsci, 1989, as cited by 
Skovsmose, 1992).

3.	 Methods

This study employed a mixed-method research design from the advocacy and 
participatory worldview. The quantitative part investigated the students’ level 
of performance in doing the mathematical modelling task while the qualitative 
part explored how students framed solutions in mitigating solid waste issues in 
school. Purposive sampling was used in determining the 31 student-participants, 
who are currently enrolled in solid mensuration course. This study was conducted 
in one of Philippine islands, categorized as a protected area by the Department 
of Environment and Natural Resources (DENR), at the same time, a tourist 
destination classified by the Department of Tourism (DOT). 

For this paper, we will present the results of implementing only one modelling 
task. This mathematical modelling task is an application problem on volumes of 
prisms and was allotted for two hours. Five groups of students were formed; four 
groups were composed of six members, while the other one group was composed 
of seven. The mathematical modelling task was assessed using the suggested 
features from the Guidelines for Assessment & Instruction in Mathematical 
Modelling Education (GAIMME, 2019) collaboratively designed by the Consortium 
for Mathematics and Its Applications (COMAP), Society for Industrial and Applied 
Mathematics (SIAM), National Council of Teachers of Mathematics (NCTM), 
and The Moody’s Foundation. The student scores from performing the task 
were analyzed using the mean, standard deviation, and t-test. The overall class 
performance was described using the assessment guidelines of the Philippines’ 
Department of Education as specified in DO 8, s. 2015. The students’ suggestions 
for potential solutions in mitigating solid wastes were analyzed and interpreted 
using a thematic analysis. 

4.	 Results and discussions

The students’ mathematical modelling performance was assessed in the 
context of building the model which focused on (1) making assumptions and 
acknowledging limitations; (2) defining variables and identifying parameters; 
(3) solutions focused on the use of meaningful mathematics; (4) analysis and 
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assessment of model; and (5) writing style and organization (GAIMME, 2019). Since 
the designed mathematical modelling task addressed solid waste management 
issue in a research environment, the researchers added the possible impact of 
the proposed solution as another feature. Framing of the potential environmental 
solution is deemed to indicate how students actively engaged as critical members 
of the society. 

Table 1. Group performance in mathematical modelling

Student 
group

Total score 

(Highest possible 
points: 25)

Percentage 
score Qualitative description

Group A 13 52% Did not meet expectations
Group B 20 80% Passing performance
Group C 19 76% Passing performance
Group D 14 56% Did not meet expectations
Group E 12 48% Did not meetexpectations

Legend: 75% and above: Passing performance; Less than 75%: Did not meet expectations

The group performances in mathematical modelling were classified according 
to their percentage scores. The levels, anchored on the K-12 Assessment 
Guidelines with minimal modification are: ‘passing performance’ and ‘did not 
meet expectations.’ From Table 1, two of the five groups have achieved ‘passing 
performance in doing the mathematical modelling task’ while three of them 
achieved ‘did not meet expectations.’ 

For convention in this study, those with passing performance belong to 
the upper group, those who did not meet expectations, the lower group. The 
students’ class performances in doing the mathematical modelling task were 
further analyzed using the descriptors of GAIMME (2019) as ideal, satisfactory, 
needs improvement, and incomplete. Overall, the class performance in doing 
the mathematical modelling task as shown in Table 2 was satisfactory; the 
upper group had an ideal performance while the lower group, satisfactory. Both 
groups had ideal class performances in making assumptions and acknowledging 
limitations, defining variables and identifying parameters, and in writing style 
and organization. The upper group had a satisfactory class performance in 
making use of meaningful mathematics in the model and in proposing potential 
solutions to the problem, while the lower group needs improvement in these 
areas. The performance of both groups in the area of analysis and assessment of 
model needs improvement.  
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From the reported average scores, the groups’ performances according to the 
features of the mathematical modelling tasks varied extensively. To determine 
whether these performances differed significantly, a t-test was performed. Table 
3 presents the differences in class performance in mathematical modelling using 
the t-test. The t-test for making assumptions and acknowledging limitations and 
analysis and assessment of model could not be performed because the average 
scores were the same. Variances are approximately equal in the remaining 
features of mathematical modelling as indicated by the Levene’s test for equality 
of variances (p = 0.53, p = 0.724). This means that the distribution of the average 
scores in these features obtained by the upper group is similar in shape to the 
distribution of the average scores obtained by the lower group. 

Table 2. Average class performance in mathematical modelling

Features of 
mathematical 
modelling task

Highest 
possible 

score
Average score Std. 

deviation
Qualitative 
description

Building the model: 
Make assumptions 
and acknowledge 

limitations

3.00 Upper 
group 3.00 0.00 Ideal

Lower 
group 3.00 0.00 Ideal

Overall 3.00 0.00 Ideal
Building the model: 
Define variables and 
identify parameters

3.00 Upper 
group 3.00 0.00 Ideal

Lower 
group 2.67 0.58 Ideal

Overall 2.83 0.29 Ideal
Solution: Model 
uses meaningful 

mathematics
4.00 Upper 

group 3.00 0.00 Satisfactory

Lower 
group 1.33 0.58 Needs 

improvement

Overall 2.17 0.58 Needs 
improvement

Analysis & 
assessment of model 5.00 Upper 

group 3.00 0.00 Satisfactory

Lower 
group 1.00 0.00 Needs 

improvement
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Features of 
mathematical 
modelling task

Highest 
possible 

score
Average score Std. 

deviation
Qualitative 
description

Overall 2.00 0.00 Needs 
improvement

Writing style & 
organization 5.00 Upper 

group 4.00 0.00 Ideal 

Lower 
group 3.33 0.58 Ideal

Overall 3.67 0.29 Ideal
Possible impact of the 

proposed solutions 5.00 Upper 
group 3.50 0.71 Satisfactory

Lower 
group 1.67 0.58 Needs 

improvement
Overall 2.59 0.65 Satisfactory

Average

Upper 
group 3.25 0.12 Ideal

Lower 
group 2.60 0.46 Satisfactory

Overall 2.93 0.29 Satisfactory
Legend:

3-point score: Ideal (2.50-3.00), Satisfactory (2.00-2.49), Needs improvement (1.00-1.99), 
Incomplete (0.00-0.99)

4-point score: Ideal (3.25-4.00), Satisfactory (2.50-3.24), Needs improvement (0.75-2.49), 
Incomplete (0.00-0.74)

5-point score: Ideal (3.75-5.00), Satisfactory (2.50-3.74), Needs improvement (1.25-2.49), 
Incomplete (0.00-1.24)

Further, the students’ solutions using meaningful mathematics in modelling and 
the possible impact of the proposed solutions were statistically different between 
the upper and lower groups. This means that the upper group had significantly 
better performance than the lower group in making use of meaningful mathematics 
(T=3.873, p=0.030) and in proposing sustainable solutions addressing solid waste 
issues (T=3.220, p=0.049). Interestingly, students who are performing better 
in making assumptions and acknowledging limitations, defining variables and 
identifying parameters, and making use of meaningful mathematics in modelling 
were able to frame potential solutions in mitigating solid waste problems. This 
indicates that those who have good performances in mathematical modelling 
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show some tendencies for strengthening their participation as a critical member 
of society. These groups suggested using alternative ways in reducing solid wastes 
aside from using compost pit and landfills. These included: reusing plastic wastes 
for profitable use and, creating rectangular trash bins inside the school campus 
to segregate biodegradable, nonbiodegradable, and hazardous wastes. 

The mathematical modelling task designed for volume of prisms realizes the 
usefulness of mathematics education for critical citizenship. While students 
performed mathematical calculations, they were also asked to suggest solutions 
to mitigate the solid wastes issues in their school. Students’ responses were 
analyzed using a thematic analysis. 

Table 3. Differences on class performance in mathematical modelling using t-test

Features of 
mathematical 
modelling task

Levene’s test for 
equality of variances

t-test for equality 
of mans Interpretation

F p-value T p-value
Building the 
model: Define 
variables 
and identify 
parameter

9.600 .053 .775 .495 Not sgnificant

Solution: Model 
uses meaningful 
mathematics

9.600 .053 3.873 .030 Significant

Writing syle & 
organization 9.600 .053 1.549 .219 Not significant

Possible impact 
of the proposed 
solution

.150 .724 3.220 .049 Significant

Responses showed that the mathematical modelling task provides an avenue 
for students to become empowered, get involved, and be engaged with a 
community or social issue (Skovsmose, 1994; OECD 2030 Learning Framework). 
From the suggested alternative solutions to manage solid waste problems, 
students displayed their potential to become active citizens (Skovsmose, 1994) 
by developing critical thinking and decision-making skills to make informed 
decisions (Zeidler & Nichols, 2009; Maass et al., 2019), developing creativity and 
critical thinking skills (Maass et al., 2019), forming sound opinions, ethical or 
social reasoning (Maass et al., 2019). The students’ suggestions help them discern 
their roles as critical members of society and conceive of actions that will make a 
difference (Skovsmose, 1992, 1994). The mathematical modelling task provided 
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was able to enhance student’s literacy and numeracy skills (Skovsmose, 1994; 
Jazby, 2017) by applying mathematical understanding in authentic problems 
(Maass et al., 2019), and allowing students to participate in the understanding 
and transformation of the society and master specific mathematical skills and 
particular forms of knowledge (Giroux, 1988, as cited by Skovsmose, 1992), and 
improves students’ civic competence (Skovsmose, 1994) by making them aware 
of their community obligations (Gramsci, 1989, as cited by Skovsmose, 1992). 

5.	 Conclusion and Recommendations

The designed mathematical modelling task centered around solid waste 
management problems facilitates the development of mathematical 
understanding and critical citizenship of students. This indicates that such kind 
of mathematical modelling task creates a dynamic and meaningful connection 
of mathematics to the community. By using such tasks, mathematics teachers 
can learn, themselves, to become more concerned about their natural and social 
environment, while helping students come up with strategies for a sustainable 
living. Their perspectives in teaching mathematics will be broadened, allowing 
them to teach mathematics not only within the four walls of the classroom, 
but also utilizing the community as a learning laboratory. This suggests that 
mathematical modelling activities which explored environmental issues can be 
a good avenue for students to gradually become critical members of the society. 
Teachers who wished to venture in such undertaking will not only develop 
students’ understanding of mathematical concepts but also of competencies for 
critical citizenship.   Mathematics teachers may consider integrating mathematical 
modelling activities as performance tasks to deepen students’ understanding of 
mathematical concepts and ideas.   
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1.	 Overview

To counteract the upcoming shortage of teachers, measures must be taken to 
make the teaching profession more attractive. This is exactly where the project 
3C4life comes in. An online platform was developed within the framework of the 
3C4Life project. There, on the one hand, professional development opportunities 
are presented through career options for teachers, and, on the other hand, 
innovative teaching materials are presented that intended to improve the 
teaching-quality of teachers and thus increase their enthusiasm for their own 
profession. The effects of this platform are examined in the form of a quantitative 
and a qualitative study.

2.	 Teacher shortage in Europe

Europe is facing teacher shortages. Besides, STEM education systems lack 
the capacity to support teachers to make the best of their life as teachers. As 
a major reason, the ET2020 Working Group on Schools identified that teachers 
do not perceive teaching as an attractive career option anymore (Carlo et al. 
2013; Katsanova, 2019). This leads to increased teacher turnover (Thorburn 
2020). To raise the attractiveness of the profession, a positive image of the 
teaching profession must be established, among teachers as well as among 
society. Furthermore, the teaching profession must be perceived as a lifelong 
development process, including the use of innovative teaching approaches. 
Collaborative practice and professional learning communities must be promoted 
and anchored and teachers must receive support from the beginning of and 
throughout their careers to allow for professional growth.

However, there are still major gaps to be filled: Career guidance for teachers 
across Europe is rare. Teachers do not see a need to develop teamwork 
competences, and collaborative approaches are hardly applied. Furthermore, 
teachers have problems in adopting new teaching methods and professional 
development offers do not meet their needs. 
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3.	 The project 3C4Life and the teach4life platform

As part of the EU-funded 3C4Life project, an online platform (teach4life.eu) 
was developed to counteract the causes of the shortage of teaching staff. The 
intention is to support teachers at all stages of their career and profession. The 
platform offers information about career opportunities (i.e., videos of interviews 
and career description for each partner country), a digital network for STEM 
teachers and impulses for innovative teaching including detailed descriptions 
and solutions with a strong focus of inquiry-based-learning, socio-scientific issues 
and real-life contexts.

In this project the causal link between the motivation for long-term involvement 
of STEM teachers in occupational advancement programs and three elements of 
the online platform will be analysed. The research hypotheses are: 

1.  A sequential arrangement of motivational triggers increases the involvement 
of STEM teachers in occupational advancement programs.
2. Multi-directional advancement perspectives raise teachers’ motivation to 
shape their best personal path as a teacher.
3 Targeted community-building features increase teachers’ participation in 
Communities of Practice.

The impact of the platform is examined in three ways. In a qualitative study, 
five participants per country (total n = 30) are interviewed and asked about the 
effect of the platform on their attitude towards the teaching profession. In a 
quantitative study, at least 120 participants per country, (total around n = 600), 
complete a pre-post-follow-up questionnaire. This will be used in particular to 
investigate attitudes towards the teaching profession and self-esteem. In addition, 
user behaviour is investigated through AI-based tools.

4.	  Content of this presentation

After a short presentation of the impending or already incipient teacher 
shortage in Europe and how this can be counteracted, the concept and the core 
elements of the online platform teach4Life are presented. The platform offers 
attractive career options for STEM teachers, serves as a platform for collaboration 
and exchange with teachers across Europe and gives you inspiration for your 
teaching. The aim of the platform is to increase the attractiveness of the STEM 
teaching profession in Europe by initiating dialogues between STEM teachers 
and connecting future and practicing STEM teachers.

A special focus is on the presentation of the teaching materials with three 
examples of innovative teaching approaches. The concepts of inquiry-based 
learning, socio-scientific issues and real-life contexts are introduced. They  
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highlight why and how they can further develop sustainable STEM education by 
scaling up innovative teaching approaches.

In addition, the study conducted as part of the project and present preliminary 
results are presented and relation to sustainable education are made.
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1.	 Introduction

The urgency of the climate crisis is evident in various media sources. For instance, 
according to the Intergovernmental Panel on Climate Change, “biodiversity loss, 
overall unsustainable consumption of natural resources, land and ecosystem 
degradation, rapid urbanisation, human demographic shifts, social and economic 
inequalities and a pandemic” can all be related to climate change (IPCC, 2022). 
As a result, it is imperative to seek new sustainable approaches to address these 
challenges. In the coming decades, significant innovation will be necessary, 
with emerging technologies playing a vital role in mitigating climate change and 
adapting to its existing impacts. STEM subjects, particularly mathematics, form 
the foundation for many of these innovative solutions. Mathematics facilitates 
problem understanding, modelling complex situations, computer-based problem-
solving, and other technical applications. Engaging current students in these 
novel ideas and approaches is crucial for addressing the climate crisis effectively.

Nevertheless, mathematics, an abstract subject encompassing numerical and 
spatial relationships fundamental to various scientific and engineering disciplines, 
continues to be predominantly taught in a traditional manner, with students 
following instructions and prescribed methods. Insufficient emphasis is placed on 
teaching students how to learn mathematics effectively and how to develop their 
own capabilities. Additionally, there is a lack of connection between the pressing 
global challenges and the potential contributions of mathematics in solving 
them. Educational resources often lack relevant and meaningful assignments 
that incorporate environmental and sustainability contexts. To enhance the 
current state of education, it is crucial for teachers to be adequately prepared 
for engaging discussions about real-world issues and promoting the application 
of mathematics in contexts related to sustainability (Moreno-Pino et al., 2021).

This paper proposes a novel model that examines the interplay between growth 
mindset, mathematics, and sustainability. Firstly, we provide a background on the 
teaching and learning of mathematics with a growth mindset. Next, we present 
our model, outlining its key components and mechanisms, and investigate 
the reciprocal effects of a growth mindset, mathematics, and sustainability on 
one another, emphasizing their interconnected nature. Finally, we discuss the 
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implications of our model and its relation to practical ideas for mathematics 
education, in the context of sustainability, drawing insights from existing 
literature. By investigating these relationships, our model aims to contribute to 
the advancement of effective mathematics education practices that promote 
sustainability.

2.	 Open maths

Carol Dweck’s mindset theory (Dweck, 2017) introduces the concepts of fixed 
and growth mindsets, which are influenced by various factors and can change 
over time. Fixed mindsets, characterized by the belief in fixed intelligence and 
talent, lead individuals to avoid challenges and prioritize self-preservation. In 
contrast, growth mindsets view intelligence and abilities as malleable, motivating 
individuals to embrace challenges and persist in the face of obstacles. Dweck 
emphasises the role of beliefs about one’s abilities and highlights the importance 
of effort and resilience in achieving success. By understanding and adopting a 
growth mindset, individuals can transform their beliefs. The theory underscores 
the significance of embracing challenges, learning from mistakes, and fostering a 
belief in personal growth through effort and practice. Adopting a growth mindset 
can impact persona development, learning, and success in various domains of 
life.

Neuroplasticity defines the ability of the brain to adapt and change. It involves 
various mechanisms such as volume changes, the formation of new neural 
pathways, and alterations in the myelin sheath that surrounds nerve fibers (Dan, 
2019). Understanding the relationship between mindset and neuroplasticity is 
crucial for educators. When teachers and students learn about how the brain 
functions, including the capacity of neurons to form new connections and acquire 
new knowledge, it can foster trust in the learning process and enhance learning 
success (Sarrasin, 2018).

An intriguing aspect is that when we approach learning with a growth mindset, 
wherein we believe that abilities can be developed through effort, our brain’s 
neuroplasticity is more pronounced. When we make mistakes while having a 
growth mindset, our neurons form more new connections compared to when 
we have a fixed mindset. This insight highlights the importance of cultivating a 
growth mindset in both teachers and students, as it not only promotes a positive 
attitude towards learning and embracing challenges but also optimizes the 
brain’s capacity for neuroplasticity. By recognizing the potential for change and 
improvement, individuals can harness the power of neuroplasticity to enhance 
their learning and cognitive development.

The approach of teaching mathematics with a growth mindset emphasizes the 
belief that both the teacher and the learner have the potential to improve their 
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mathematical abilities. This perspective, advocated by researchers like Boaler 
(2015), fosters greater student engagement in their own development and in 
the subject itself. Students establish a personal connection with mathematics by 
actively reflecting on abstract structures, quantities, and visuals.

In Open Maths (Alpár and van Hoeve, 2019), an adaptation of this approach, 
students are encouraged to make connections between different theoretical 
concepts and real-world applications. They engage in various assignments that 
allow them to explore and practice new strategies with a sense of curiosity and 
discovery (Foster, 2013; Kaplinsky, 2020). Importantly, the learning environment 
is a safe space where making mistakes is viewed as a valuable part of the learning 
process. Students are also encouraged to collaborate and work together, as this 
enables the sharing of different perspectives and experiences.

By adopting a growth mindset in mathematics education, students become 
more actively involved in their learning journey. They develop a deeper 
understanding of mathematical concepts and enhance their problem-solving 
skills. The Open Maths approach nurtures a positive and inclusive learning 
environment that supports students in embracing challenges and reaching their 
full mathematical potential.

Applying Open Maths in the context of sustainability offers significant benefits. 
By incorporating a growth mindset perspective, students are encouraged to 
explore the interconnectedness of mathematics and sustainability, fostering a 
deeper understanding of how mathematical concepts can be applied to real-world 
environmental and social challenges. This approach of mathematics education 
empowers students to comprehend the complexity of sustainability issues, 
evaluate potential solutions, and actively participate in solving environmental 
problems. The Realistic Mathematics Education (RME) movement (Phan et al., 
2022) provides practical techniques for integrating sustainability themes as a 
realistic context. To make this more specific, we introduce a model in the following 
sections that helps implementing strategies to foster a growth mindset, connect 
mathematics to sustainability, and prepare students to shape a sustainable future.

3.	 Our model: The triangle of growth mindset, mathematics, and sustainability

We introduce our triangular model depicting the significant interconnections 
between growth mindset, mathematics, and sustainability; see Figure 1. A growth 
mindset cultivates students’ openness and trust in facing the challenges of the 
future, including those in the realm of mathematics. Mathematics, in turn, plays 
a crucial role in enhancing understanding of sustainability issues and offering 
valuable insights into potential solutions.

In the model, the relationships are depicted as arrows. By adopting a growth 
mindset, students develop a belief in their capacity to learn and improve, enabling 
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them to embrace mathematical challenges with resilience and enthusiasm. This 
mindset fosters a positive learning environment where students are motivated 
to explore complex mathematical concepts and develop problem-solving skills 
necessary for addressing sustainability challenges.

 

Figure 1. Positive exchange in the triangle of a growth mindset, mathematics, and 
sustainability

Mathematics serves as a powerful tool for comprehending and analysing 
sustainability problems. It provides a language and framework to examine intricate 
relationships and patterns, enabling individuals to gain a deeper understanding 
of the interconnectedness of environmental, social, and economic systems. 
Through mathematical modelling, analysis, and data interpretation, students can 
explore the impacts of human actions on the environment and identify potential 
pathways towards sustainability.

Additionally, mathematics offers insights into solutions for sustainable 
development. By applying mathematical concepts, such as optimisation, 
probability, and systems thinking, students can generate innovative approaches 
to mitigate climate change, promote renewable energy adoption, optimize 
resource allocation, and design sustainable urban systems, among other areas. 
Mathematics empowers students to evaluate the effectiveness of different 
strategies and make informed decisions based on quantitative analysis and 
evidence.

4.	 Our model put in practice

Several papers discuss possible ways to include sustainability in mathematics 
education (Prieto-Saborit et al., 2022). While most of them require considerable 
adjustments in the current curriculum, Hamilton and Pfaff (2014) suggest 
foundational yet practical ideas in this context, calling for the nourishment of “an 
educated citizenry.” Building on their ideas, we establish meaningful connections 
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between each of their five principles and our triangular model, further enriching 
our understanding of the interplay among a growth mindset (G), mathematics 
(M), and sustainability (S) in the educational context.

•	 Principle 1, S → M: By teaching mathematics in context by integrating 
sustainability-oriented content and introducing “global realities” into 
mathematics instruction, students recognise the vital role of mathematics 
in addressing real-world sustainability challenges. This establishes a 
clear and direct connection from sustainability to mathematics in our 
model.

•	 Principle 2, S → M: Including real-life problems in mathematics instruction 
creates a direct relationship from sustainability to mathematics in our 
educational context. Urgent examples that highlight the relevance of 
mathematical theory and techniques prompt students to think beyond 
abstract concepts and engage in discussions about practical applications.

•	 Principle 3, M → S: Emphasising “designing the future” and teaching the 
tools of complexity, systems thinking, and design thinking demonstrates a 
direct relationship from mathematics to sustainability within our model. 
By equipping students with these valuable tools, they can explore new 
areas and draw deep connections between mathematical concepts and 
sustainability challenges.

•	 Principle 4, S → G: Acknowledging the ethical and psychological aspects 
of sustainability issues and engaging in discussions with students 
about their findings and learning process promotes a relationship from 
sustainability to a growth mindset within our model. By reflecting on 
the ethical implications and emotional dimensions (moods, feelings, 
attitudes, etc.) of sustainability, students develop a deeper understanding 
of the personal and societal impacts of their actions.

•	 Principle 5, M&G → S: Teaching specific mathematical and broader 
skills that empower students to become catalysts and leaders of change 
establishes a relationship from mathematics and a growth mindset 
to sustainability within our model. By equipping students with the 
necessary mathematical skills and wider competencies, such as critical 
thinking, problem-solving, and communication, they are empowered to 
actively contribute to addressing sustainability challenges.

In summary, understanding the five principles of Hamilton and Pfaff within our 
general model empowers students to actively shape a more sustainable future 
through their mathematical understanding, a growth mindset, and their actions.

To demonstrate how the model can be applied in the classroom, we show 
an example of the integration of sustainability and mathematics education in 
exploring the “Impact of your clothing”. Starting with a graph or table that presents 
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relevant data on transport costs, CO2 output, climate impact, and water usage, 
students are prompted with open-ended questions such as “What do you notice?” 
or “What do you wonder?”1 to stimulate mathematical discussion. In moments 
of frustration or helplessness, fostering a growth mindset can empower students 
to view challenges as learning opportunities. Moving towards finding solutions, 
students can engage in mathematical calculations to determine quantities, such 
as the amount of water necessary for processing bamboo compared to cotton. 
This example showcases how mathematics can be utilized to deepen students’ 
understanding of sustainability issues and encourages them to think critically 
about the environmental impact of their clothing choices.

In the context of exploring the impact of clothing choices on sustainability, 
students are exposed to valuable life lessons that intersect with mathematics. 
Analysing the linear relationship between water usage and cotton production 
gives rise to the application of linear equations, providing students with a 
mathematical framework to understand and quantify the environmental 
implications. Alongside this mathematical learning, students also navigate the 
emotional aspects of sustainability, fostering personal growth and resilience. 
Through critical thinking and logical reasoning, students can articulate convincing 
arguments using precise mathematical terms, such as why bamboo is a more 
water-efficient choice compared to cotton. This process empowers students to 
become leaders of change by exploring what actions they can take individually to 
contribute to a more sustainable future.

5.	 Conclusions

When implemented in the classroom, the utilization of our new model 
enriches mathematics lessons in various ways. By placing mathematics in the 
context of sustainability and employing mathematical tools in specific scenarios, 
students are exposed to a more meaningful and relevant learning experience. 
The incorporation of the mindset theory supports students in navigating their 
frustrations during mathematical tasks, fostering resilience and a growth 
mindset. Moreover, in the face of real-life challenges, such as climate change 
and pollution, mathematics and a growth mindset can provide students with the 
necessary tools and hope to understand and address these problems effectively. 
Overall, this model offers a powerful framework that promotes the integration 
of sustainability, mathematics, and mindset theory, empowering students to 
actively contribute to a more sustainable future.

1	 Data talks by Youcubed provide guidance how to discuss graphs in the classroom; see https://
www.youcubed.org/resource/data-talks/ and https://www.youcubed.org/resources/what-do-you-no-
tice-what-do-you-wonder/.
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Potential further work in this field includes reviewing the current use of 
sustainability in mathematics education, developing lesson plans and materials 
for integrating sustainability into mathematics, and exploring the application of 
sustainability to introduce concepts of pure mathematics. These endeavours will 
contribute to advancing growth-mindset mathematics education and deepening 
the understanding of sustainability within mathematical contexts.
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1.	 Rationale of the project

After the United Nations Decade on Biodiversity (2011-2020), the Convention 
on Biological Diversity published a first draft framing the post-2020 Global 
Biodiversity Strategy. In the document, which is aligned with 2030 Sustainable 
Development Goal, set out a plan to implement numerous actions to bring 
about transformation in society’s relationship with biodiversity (Convention on 
Biological Diversity, 2021). 

Learning about biodiversity is seen as a key element of this strategy. According 
to Van Weelie and Wals (2002), there are four main arguments for working 
on biodiversity: a) emotional argument, based on personal meaning through 
discovery and experiencing biodiversity; b) ecological argument, based on 
understanding the global interconnections among the variety of elements of the 
ecosystem; c) ethical argument, based on dealing with values and taking a moral 
point of view in environmental issues; d) political argument, based on making 
choices and developing action competences. 

Having said that, Gayford (2000) alerts that although there are numerous 
teachers who are concerned about biodiversity loss, they do no not know how 
to integrate this issue in their teaching lessons. The main obstacles are: a) the 
complexity of this issue, which requires an interdisciplinary approach; b) the 
constriction of time and the need to cover the science curriculum. Furthermore, 
it is important to remark how important curricular materials are to support 
teachers in these challenging obstacles. Regarding how to create an adequate 
TLS, several features should be considered. For instance, learning contexts – a 
specific setting where students learn, such as backyards and schoolyards – are 
revealed as an essential tool in making biodiversity meaningful for the students 
(Wals, 1999). 

According to Afkin and Black (2003), authentic scientific inquiry means “doing 
of science” as the actual practice of scientific communities does. From a scientific 
authentic inquiry perspective, Roth and Lee (2004) also pointed out that goals 
in school science should be motivated by the same goals within the scientific or 
local community where the inquiry is taking place. 
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2.	 Overview of PATIS BIODIVERS project

PATIS BIODIVERS [BIODIVERSE SCHOOLYARDS] is a project with two major 
goals. On the one hand, to promote processes of authentic inquiry practices 
among kindergarten, elementary and secondary students, such as: collecting 
empirical data from their schoolyard, drawing conclusions, and promoting actions 
to improve the diversity of the species. On the other hand, to use this empirical 
data from schoolyards to do scientific research. 

This project was born in November 2021 in Vic, a small city in a semirural 
area 70 km from Barcelona. The materials and the resources were created 
collaboratively by an interdisciplinary team of researchers from Universitat the 
Vic – Universitat Central de Catalunya (UVic-UCC), with the support of more 
than 40 teachers, from 13 different elementary and high schools of Vic. All these 
teachers participated in two different seminars to create two different kinds of 
materials. 

First, teachers representing these schools participated in a seminar to design 
a methodology to implement a Bioblitz in the schoolyards. In the seminar, three 
sessions were dedicated to discussing how to organize the students, how to 
collect and register data and how to help students to identify the main species of 
the schoolyards. The challenge was to create a common methodology that was 
useful from kindergarten to secondary students. More than 800 students, from 
kindergarten to secondary students, participated in the school Bioblitz. 

Second, 26 elementary and secondary teachers representing the schools 
participated in a second seminar with the main aim of create three Teaching and 
Learning Sequences (TLS) to work on the biodiversity of plants, invertebrates, 
and birds from an authentic inquiry point of view. First drafts of these TLS were 
created by the researchers from UVic – UCC and presented in the seminar. After 
the implementation of these TLS by teachers with their students, different focus 
groups were carried out to evaluate how the TLS worked, to improve the initials 
drafts. The three final TLS share the following structure in 3 phases:

-	 Contextualization phase: students become familiar with a real biodiversity 
issue and describe the main environments of their schoolyard. 

-	 Inquiry phase: students collect real data of birds, plants or invertebrates 
in their schoolyard in order to find which environment has more 
biodiversity. 

-	 Action phase: students have to think and design real actions to improve 
the biodiversity of plants, birds or invertebrates. 

Currently, the project is open to every Catalan school interested in the project. 
The expectation is to have between 20 and 30 schools involved in the project at  
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the beginning of next year. Now the materials are being translated in Spanish and 
Basque to expand the project geographically. 

3.	 Overview to the research dimension of the project

Patis Biodivers is not just an innovative way of helping teachers to work on 
biodiversity in schools, but also is a good research context for understanding 
teaching and learning processes on Biodiversity. This communication attempt to 
reflect on how scientific inquiry and knowledge about biodiversity can be learned 
through a project like PATIS BIODIVERS. In particular, we are going to present two 
research goals:

a) To identify the main limitations and chances in working on biodiversity 
from teachers’ views. 

b) To evaluate the change in the students’ ideas regarding the factors that 
promotes biodiversity and to identify he most meaningful moments in 
working on biodiversity from students’ views. 

For the purpose of this communication, only the research on the studies 
related to teachers’ views is presented.

3.1	 Researching on teachers’ views

As presented above, the focus of this research goal is to identify the main 
purposes, limitations and chances perceived when working on biodiversity. In 
our view, understanding the main purposes of working on biodiversity could help 
us to select and adjust the main contents of future TLS, while knowing limitations 
and chances could also help us to design activity more adequate for teachers’ 
needs. 

In order to achieve this goal, in the first session of the course for the creation 
of the TLS, a questionnaire was distributed among the in-service teachers. In 
particular, in-service teachers were asked to name three main ideas and three 
main purposes when they work on a biodiversity project with their students. 10 
questionnaires were analyzed for the purpose of the study.

Apart from that, notebooks were provided to the teachers involved in the 
project, to explain how each activity of the TLS was developed with their own 
primary and secondary students. Finally, interviews with the teachers who 
participated in the project were conducted to evaluate the project and to know 
their experiences while implementing the TLS with their students. 

3.2	 Preliminary results

From the questionnaires (Fig. 1), it could be seen how teachers identify that 
action to improve biodiversity is the most important learning goal when they 
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work on biodiversity with students. They also identify the classification of groups 
of live beings, the work on habitat concept and the recognition of the main 
vegetal and animals species as important learning goals. 

Figure 1. Main learning goals in a biodiversity project

Regarding the purpose, teachers justify the importance of working on 
biodiversity because students should understand the interconnectivity among 
species (Fig 2) 

Figure 2. Main purposes to work in a biodiversity project (Based on arguments proposed by 
Van Weelie and Wals (2002))

From the notebooks and interviews, it could be seen how in-service teachers 
expressed in different moments difficulties in the identification of the most 
representative species. On the one hand, secondary teacher expressed the need 
to spend some time on working with the student in order to recognize the most 
representative species of the schoolyard. On the other hand, primary teachers 
express how difficult it was for themselves to recognize the species. 

Furthermore, in-service teachers explained that the practice of analysing data 
from the species of the schoolyard is a time-consuming task. For this reason, some 
of them do analyze the data of the species that lived in the different environments 
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of the schoolyard, in order to know how the biodiversity was distributed in the 
schoolyard. 

Even though there are no literal excerpts regarding this topic, after analyzing 
what they did in the implementation of the TLS, primary and secondary students 
just had made decisions to improve the schoolyard, but none of these decisions 
were implemented.

3.3	 Preliminary conclusions

From the preliminary results presented, it can be seen how, even though the 
most common learning goal of being involved in a biodiversity project is “to apply 
knowledge to improve biodiversity in the schoolyard” and “the political purpose” 
of acting to improve and take care of the environment, actually teachers had 
some difficulties to guide students to take tangible actions to improve biodiversity. 
In this respect, probably the “ecological purpose”, as an inner purpose of the 
participants, pushed teachers to do more activities to focus on the biological 
contents, such as: identification of species, working on the idea of habitat or 
ecosystems, and so on. 

Having said that, obviously further research is needed. After opening the 
project to more schools and teachers, more data will be collected using the 
two tools presented in this paper: a modified questionnaire asking questions 
regarding learning goals, purposes, but also activities to achieve this goals. 
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1.	 School culture supporting STEM Education

Education improves constantly, so lifelong learning and continuing education/
professional development are a way of being updated on almost every innovative 
knowledge approach and learning strategy. STEM education contributes to 
scaffolding a holistic educational framework curriculum. In this line, to establish 
School Culture supporting STEM education is relevant to foster an education 
reform at all levels.

A place-based learning STEM approach in real-life contexts provides school 
subjects with meaningful elements either for teachers/professors or students. 
Furthermore, when implementing a constructivist teaching-learning approach, 
problem-based learning, and connections with real world items in the classroom, 
STEM approach is very efficient, especially using inquiry-based strategies. 
However, the STEM Education goal refers to a holistic integration of STEM areas 
across the curriculum, although it seems to lack specific scientific literature 
related to how the STEM acronym (and disciplines) should be implemented, 
because the whole is greater than the sum of its parts (Aguilera et al., 2021).

2.	 What is IndagaSTEAM Escuela Project

Professional development programmes can simultaneously explore mechanisms 
for integration across STEM and non-STEM disciplines, and help existing teachers 
develop a deeper understanding of the subjects they teach. (Margot & Kettler, 
2019). They involve a shift from the teacher’s role as a transmitter to a facilitator 
of knowledge, helping students to identify and use relevant sources to solve 
real-world problems. Sustained professional development programmes could 
have a positive impact on teacher teaching and student achievement. These 
programmes may also use a mentor or peer coach, allowing teachers to apply 
their learning in the classroom with the support of a peer coach. (Cotabish et al, 
2013).

IndagaSTEAM Escuela Project is an experience to promote transfer of learning 
for students during their teacher training at schools - for compulsory education - 
to develop students’ key competencies, conducted through cooperation between 
schools and universities by mentoring interventions (Lupión-Cobos et al., 2021).
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Moreover, the following points are taken into account when designing the 
project programme: a) Teacher/Student centered approach, b) A curriculum 
reform, new organizational system and new teaching materials, c) HE & School 
projects implementing inquiry-based learning and place-based learning (Morrell 
et al., 2020; Author, 2021), d) Teaching and activities selection and design for 
Professionals and Students, and e) Activity impact evaluation in relation to 
the goal. In particular, several didactical aspects of the training process were 
addressed: 

•	 Teaching as examining one’s own practice in the classroom/reflecting as 
a professional: Teachers as managers of change and transformation in 
schools.

•	 The systemic nature associated with the change that it implies as an 
innovation in teaching practice requires consideration of different 
influencing elements (curriculum, school organisation, professional 
development or teaching materials, among others).

•	 School projects, using inquiry and contextualising strategies, have been 
identified as helpful training scenarios for applying STEM education 
objectives (Morrell et al., 2020; Author, 2021), which clarifies educational 
purposes and guidelines for its treatment.

•	 Activities to be used and how they fit in. The teaching skills to select 
and design them allow to formulate coherent and solid proposals with 
the intention of the proposed model. Its identification and design thus 
becomes a training objective that also articulates an expectation of 
professional practice.

•	 Systematically evaluate the impact of actions (interventions) and provide 
evidence/research evidence to guide improvement.

The program professional development of participants (teachers) is mainly 
focused on empowering and motivating learners to become active sustainability 
citizens, fostering critical thinking, and participating in shaping a sustainable 
future (Leal Filho et al., 2019). Thus, the project articulates teacher sustainability 
competences (Rieckmann, 2019). This proposal describes teacher sustainability 
competences through a project design and its implementation to stablish 
relations between them: a) PBL STEAM “How can I improve my environment” 
(Topic 2 “material”) and b) sustainability competences by the teacher (Topic 1 
“personal”).

3.	 PBL STEAM “How can I improve my environment” for teaching competences 
associated to Agenda 2030

The school project was designed and implemented in primary schools (6-12 
years old children) by primary school teachers during the 2020-2021; 2021-2022 
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course. It was developed in 6 weeks (from the second half of April to May), divided 
in three phases (1 = Initial, 2 = Development and 3 = Final) which includes 7 work  
sessions with activities for students who were working in a Class Group (CG) and 
in Small Groups (SG).

In phase 2, the teacher helps pupils to develop their understanding of the world 
as an interconnected whole, to look for connections in the social and natural 
environment, and to consider the consequences of their actions, by visiting a 
natural environment located close to the school. Its design is planned as a work 
project tackled from a transdisciplinary approach, with STEAM areas being its 
backbone.

In every session, collecting data tools are used to evaluate results (which are 
likely to be used either for students or the project).

The initial phase starts with a CG kickoff workshop introducing the topic 
environmental awareness & sensibilization and reflect about 2030 Agenda for 
Sustainable Development Goals (SDGs), enabling students to focus the problem 
to be addressed (environmental pollution), using thinking techniques (Word-
Idea-Phrase). Activities design and implementation allow teachers to initiate a 
wide range of competencies related to sustainability in each phase of the project, 
which are categorized according to Rieckmann’s description (2019) (Figure 1).

 Figure 1. Sustainability competences for teachers expressed in phase 1 of the project

Phase 2 & 3 foster the sense of understanding our interconnected world 
(with teacher support), searching links among social and natural areas, bearing 
in mind how the consequences of one action’s would affect the environment. 
Furthermore, a nearby natural site is chosen for a scholar visit which needs a 
former inquiry. Students (CG) search for information and draft an “Environmental 
Eco-audit” which allows them to know and contrast “in situ” the environmental 
location and its characteristics. Moreover, students are asked to explore future 
alternatives and use them to deliberate about how they might change their 
behaviors to support sustainable development, driving their work to elaborate 
an “Eco-Tourist Guide”, to design “Informative- persuasive signage to promote 
good habits”, and a proposal at the school for “Creation of vertical gardens with 
native aromatic plants”. In addition, critical thinking related to non-sustainability 
actions are launch by the teacher fostering sustainable awareness and the need 
of a societal change, from a receptive and inclusive perspective, reinforcing their  
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sustainable believes and values. In Phase 3, SG presents their final work to CG in 
oral presentations using murals, posters and/or digital resources.

The whole project implements transdisciplinary lines, especially using STEAM 
as the main axis, fostering creativity and proactive decision making, to strengthen 
students to critically evaluate the reliability of environmental management 
models, accepting responsibility for their work acting prudently and timely.

Sustainable competences for teachers described by Rieckmann (2019) are 
always borne in mind (Figure 2).

Figure 2. Sustainability competences for teachers expressed in phases 2 &3 of the project.
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Abstract

This paper looks at the different roles of teacher educators, their competencies, and 
professional practices. To gain an insight into the current state of research on this topic, a 
theoretical input will be given at the beginning. Building on this, there will be a discussion of 
relevant issues in the context of teacher educators’ professionalisation, to capture different 
country perspectives and to foster networking concerning this topic.
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1.	 Relevance of the topic concerning the overall conference theme 

The focus of the conference is on Educating the Educators. This theme includes 
professionalisation aspects that relate to different dimensions. On the one hand, 
current research in this area focuses on the roles of teacher educators; on the 
other hand, questions about the quality of professional development approaches 
and also the professional identity of teacher educators are in the spotlight. 

A lot is already known about the design criteria for effective teacher education 
(Lipowsky & Rzejak,2021). Comparatively less is known about the competencies 
and practices of teacher educators. The demands in this professional field are 
high, which makes it worthwhile to take a closer look at how teacher educators 
act.

In particular, we refer to the following question “Which roles and ways of 
working have to be considered in the professional development courses for PD 
course leaders and facilitators in professional learning?” (Call for Papers, p. 3)

2.	 Content in a nutshell

“Teacher educators are all those who actively facilitate the (formal) learning 
of student teachers and teachers”, states an article by the European Commission 
(2013, p. 8). This quote makes clear that teacher educators are active in both 
initial and in-service teacher education and play essential roles in this regard 
(European Commission, 2013). 
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Teacher educators have a central function in the educational system which, 
despite its importance, has long been neglected by scholars. Some authors, 
therefore, refer to this profession as a “hidden profession” (Livingston, 2014; 
Meeus et al.,2018).

In the last 30 years, international research has begun to focus increasingly 
on teacher educators. The term “teacher educator” encompasses an extremely 
heterogeneous professional group : Teacher educators can be university lecturers, 
researchers, school teachers, mentors, supervisors, and school administrators 
(Schrittesser, 2020).

A relevant reference point in this field is the literature review by Lunenberg and 
colleagues (2014). The authors shed light on the professional actions of teacher 
educators in different roles. In particular, they emphasize: “Hence, if we wish to 
take the profession of teacher educator seriously, this situation asks for a solid 
analysis and synthesis of what is known in this field”. (Lunenberg et al., 2014, p. 1) 

Lunenberg and colleagues capture the knowledge and skills of teacher 
educators in six different roles: “teacher of teachers”, “researcher”, “coach”, 
“curriculum developer”, “gatekeeper”, and “broker” (Lunenberg et al., 2014). 
Each role emphasizes a different focus in the work of a teacher educator and is 
associated with differentiated tasks, demands, and actions.

Our contribution will focus on the role “teacher of teachers”. 

Essential for this role are the corresponding subject-specific, subject-didactic, 
and pedagogical expertise (Shulman, 1986) in this field of action. 

 The role “teacher of teachers” is central not only to preparing teaching content 
in an appealing way but also to expressing principles and theories based on it 
(Lunenberg et al., 2014). For example, knowledge about adult-oriented teaching 
and learning settings , self-regulated learning, or dealing with various challenges 
that may arise during work.

Professionalism of teacher educators in this specific role is particularly evident 
through “second order teaching” (Lunenberg et al., 2014). So-called “first order 
teaching” is content-related and answers the question of what is being taught. 
Second order teaching, on the other hand, addresses the context of teaching 
and learning with the question of how teaching is done (Balsby Thingholm & 
Bering Keiding, 2018). Learning should be explicated as a separate dimension, for 
example, to make theories of self-regulated learning conscious and applicable.

The professionalism of teacher educators is different from that of teachers 
in schools. In recent years, governments’ attention has focused on teacher 
educators as a professional group because they play an essential role in the 
quality of teacher learning (European Commission, 2013). 
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Looking more closely at professionalism, there is an opportunity to define 
it through common standards and thus create common guidelines. From a 
theoretical viewpoint, this perspective represents “demanded professionalism” 
(Vanassche, 2022). It involves prescriptive assumptions and a “blueprint 
approach”. In contrast, there is a perspective that looks at professionalism from 
the point of practice. This is called “enacted professionalism” (Vanassche, 2022). 
In this context, the “International Forum for Teacher Educator Development” 
(InFoTED) has developed a conceptual model described by Vanassche and 
colleagues (2021, p. 18) as follows: 

“That is, we aim to present a model to conceptualise, study, and actively 
support teacher educator development, which takes as its central unit of analysis 
not the “mental sediment” of individual teacher educators’ professionalism (i.e., 
knowledge, cognition, competence, etc.), but the actual enactment of their 
professionalism in teacher education practices and all the complexities these 
entail.”

With this approach, the authors attribute to teacher educators that they always 
have good reasons for their concrete actions and enact their expertise in practice 
(Vanassche et al., 2021).

In this context, a research gap is identified, which we want to address and 
discuss to “map the terrain” and to obtain diverse perspectives on it: 

“The work as a teacher educator requires a variety of competencies, such as 
subject knowledge, subject didactic and pedagogical competencies, or counselling 
competencies. The higher education didactic and adult education skills of 
teacher educators must be systematically enhanced. Research on and evaluation 
of competencies and practices of teacher educators in pre-service education as 
well as in continuing education are a valuable research desideratum, especially 
in connection with the impact and transfer [...]” (Müller et al., 2019, pp. 131f.) 

References 
Balsby Thingholm, H. & Bering Keiding, T., (2018). Second order teaching. International Society 

for Teacher Education, 22(1), 56–64.

European Commission (2013). Supporting teacher educators for better learning outcomes.

Livingston, K. (2014). Teacher educators: hidden professionals? European Journal of Education, 
49, 218–232.

Lipowsky, F. & Rzejak, D. (2021). Making in-service training effective for teachers. https://doi.
org/10.11586/2020080

Lunenberg, M., Dengerink, J., & Korthagen, F. (2014). The professional teacher educator: Roles, 
behaviour, and professional development of teacher educators. Sense Publishers.



181

Meeus, W., Cools, W., & Placklé, I. (2018). Teacher educators developing professional roles: 
Frictions between current and optimal practices. European Journal of Teacher Education, 
41, 15–31.

Müller, F. H., Kemethofer, D., Andreitz, I., Nachbaur, G., & Soukup-Altrichter, K. (2019) In-
service and further teacher education. In S. Breit, F. Eder, K. Krainer, C. Schreiner, A. Seel, 
& C.  Spiel (Eds.), Nationaler Bildungsbericht Österreich 2018, Band 2: Fokussierte Analysen 
und Zukunftsperspektiven für das Bildungswesen (pp. 99–142). Federal Institute for Quality 
Assurance of the Austrian School System (IQS).

Schrittesser, I. (2020). Qualification paths of lecturers in teacher education. In C. Cramer, J. 
König, M. Rothland, & S. Blömeke (Eds.), Handbook Teacher Education (pp. 843–850). Verlag 
Julius Klinkhardt.

Shulman, L. S. (1986). Those Who Understand: Knowledge Growth in Teaching. Educational 
Researcher, 15, 4–14.

Vanassche, E., Kelchtermans, G., Vanderlinde, R., & Smith, K. (2021). A conceptual model 
of teacher educator development: An agenda for future research and practice. In R. 
Vanderlinde, K. Smith, J. Murray, & M. Lunenberg (Eds.), Routledge research in teacher 
education. Teacher educators and their professional development: Learning from the past, 
looking to the future (pp. 15–27). Routledge.

Vanassche, E. (2022). Four propositions on how to conceptualize, research, and develop teacher 
educator professionalism. Front. Educ., 7, 1036949. doi: 10.3389/feduc.2022.1036949 



182

Subject matter didactics for connections between the components of 
STEM 

Hannes Stoppel

Paderborn University, Germany 

e-mail: stpl@max-planck-ge.de

Abstract 

The parts of STEM stand in relationship with each other and are connected with each other. 
To enable students to apply mathematics in science, technology, and engineering, teachers need 
to anticipate and understand students’ difficulties and if necessary to simplify mathematics 
for the application by students. Teachers need to know and to understand the mathematical 
background and be able see the connections of the topics of STEM with each other. By the 
results of the study, subject matter didactics in connection with activity theory according to 
Engeström is a support for the development of STEM research or in the development of STEM 
material for lessons.
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Introduction

Undoubtedly, the parts of STEM are closely connected to each other. To 
enable students to apply mathematics in STE, teachers need to anticipate and 
understand students’ difficulties and, if necessary, to simplify mathematics for 
the application purposes. Therefore, teachers need to know and understand 
mathematical backgrounds and recognize the connections of the topics of STEM 
with each other. To impart mathematical background, didactical considerations 
are necessary, and this leads to subject matter didactics (SMD, German 
“Stoffdidaktik”, f. e. Straesser 2014). What is more, Nobel prize winner Roger 
Penrose noticed that “the mathematics which seems to be in control of our 
physical world is exceptionally fruitful and powerful, simply as mathematics” 
(Penrose 1997, p. 95). Mathematics seems to be understood as the glue between 
STEM components (Livstrom et al., 2019), see Figure 1, left.

In this paper, we will examine the significance of SMD for teachers by 
considering some examples of STEM teaching sequences. The aim of the study is 
to consider the following questions: (1) How can we characterize the application 
of SMD for the design of STEM teaching sequences? (2) In how far does SMD help 
to build and understand the connections between the components of STEM? (3) 
To what depth do teachers need scientific background, in relation to the lessons 
they intend to teach?
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 Figure 1. Mathematics as the glue between STEM components (left),  
SMD as the connection between STEM components (right)

2	 Theory

2.1 STEM and education

Livstrom et al. (2019) define the STEM approach as interdisciplinary for 
learning various scientific concepts combined or associated with real-world 
events. In modelling contexts, they perceive mathematics as the glue between 
STEM components. Ideally, teachers can select from a variety of learning models 
in order to support their students’ learning, in the sense of making it easier and 
more effective for them to comprehend and master the necessary skills (Cheng 
& So, 2020). According to Hobbs et al. (2018), STEM is not only a combination 
of different disciplines, but “what is needed is a vision that is inclusive and 
interdisciplinary in nature and specific to school needs” (p. 134). Their reflections 
lead to the different models of STEM teaching shown in Figure 2. In models 1 and 
2, the disciplines are separate, and teachers only need competences in one STEM 
component. In the other models, teachers need competences to connect and 
combine the different STEM components.

 Figure 2. Models of STEM teaching in schools (according to Hobbs et al., 2018, p. 144)

2.2 Subject Matter Didactics

Teachers need knowledge and understanding of mathematical backgrounds 
of the contents of their lessons (Hefendehl-Hebeker, 2022). In order to teach 
competently, they need subject matter didactics (SMD), too. Hefendehl-Hebeker 
(2022) defined SMD as the part of mathematics education with expert knowledge 
as foundation and environment for the teaching of mathematics. To be able 
to utilize SMD appropriately, teachers need knowledge and understanding 
of mathematical background (Stoppel, 2021). The vast majority of scientists 
and mathematics educators regard SMD as fundamental for the education of 
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mathematics teachers (e. g., Ball et al., 2008). The notion of SMD also applies 
to STEM components like abstract mathematics (Loos, Sinn & Ziegler, 2022), 
chemistry or biology (Nerdel, 2017), physics (Halloun, 2006) and computer 
science (Modrow & Strecker, 2016). According to Beswick and Fraser (2019), who 
point out the importance of mathematics, SMD should not be reduced to single 
elements of STEM, but should be regarded comprehensively, resulting in a need 
of SMD for STEM teachers. It means that one should not regard mathematics, 
but SMD as the glue between the STEM components, see figure 1, right.

2.3 Activity Theory

Cognitive processes can be examined with the psychology of aging to describe 
the conditions of individual and social life. Activity Theory (AT), that “is the common 
lens that guides the analysis across multidisciplinary fields” (Núñez, 2009, p. 
8). It can be described as a “psychological and multidisciplinary theory with a 
naturalistic emphasis that offers a framework for describing activity and provides 
a set of perspectives on practice that interlink individual and social levels” (Barab 
et al., 2004, p. 199). Leontiev (1978) and Engeström (1987) introduced significant 
frameworks for AT. Leontiev describes individual activities, whereas Engeström 
describes collective actions in his framework as an object-oriented, collective, 
and culturally mediated human activity, as illustrated in Figure 3. The subject 
component is defined as an individual or individuals, the object refers to the 
immediate goals of the activity. Tools are “anything used in the transformation 
process, including both material tools and tools for thinking” (Kuutti, 1996, p. 
14). The community consists of people and groups whose knowledge, interest, 
states, and goals shape the activity, and rules represent norms, conventions or 
social traditions. How the work in the activity is divided among participants is 
referred to by the division of labor.

 Figure 3. Model of an activity system from Engeström (1987)

3	 Design of the study

3.1	  Structure of courses

For the study we chose different courses of Grade 9 to 12 at a German high 
school and in extracurricular academies for gifted students of Grade 12. We 
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planned, taught, and analysed sequences of lessons. Two topics addressed in the 
courses were (1) Chaotic Dynamical Systems and (2) Quantum Computers (QC), 
using postgraduate literature. The choice of topics was influenced by different 
STEM elements. Topic (1) includes nonlinear dynamics for systems over R and C up 
to the Mandelbrot set. The central component is mathematics, with connections 
to computer science. Topic (2) deals with mathematics, technology, computer 
science, and physics; we chose the IBM Quantum Experience.

3.2	  Data collection and evaluation

According to Hobbs et al. (2018), there are several models for teaching STEM 
in schools (Figure 2). There can be more emphasis on one or two components 
(model 2), or one component is integrated into the other three (model 3), thus 
revealing connections between the STEM elements. We will analyse these 
connections in relationship to SMD via AT. 

For the application of AT to SMD we interpret the components of the learning 
activity as shown in Table 1. Instead of interpreting the individual as subject, 
we specify the object in connection with the contents of the courses and their 
products (in the form of students’ reports). Therefore, rules, division of labor, 
and objects should also be understood in connection with students’ report. Here, 
the tools are taken as teachers’ SMD, and the community is understood as an 
activity from teachers towards students (Figure 4).

Table 1. Learning activities in connection with SMD (teacher’s activity, students’ activity)

Subject students’ ambition, formulate questions for teachers
Tools subject matter didactics
Rules students’ scientific knowledge, search for working material
Community imparting to students
Division of labor presentation of solution process and interim results to 

students
Object students’ solutions and competences

SMD is understood as a tool of a learning activity. As described in section 
2.2, SMD is important in connection with scientific backgrounds. It builds the 
foundation for the teachers’ ability to support students in the application of 
mathematics in their projects. Without SMD, teachers might be unable to 
sufficiently support students in their projects, for example to help them find a 
suitable topic for their project, reduce background complexity appropriately, and 
support them by finding apposite literature. During the project work teachers 
can help students to present interim results to the other members of the course.
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Figure 4. Model of AT in connection with SMD (teacher’s activity, students’ activity)

	 Contents of the courses for teachers and students

In the course on Chaotic Dynamical Systems, the structure of the Mandelbrot 
Set ℳ and Julia Sets Jc with c∈ℂ were examined. From a topological perspective, 
we have the astonishing result that Jc is either connected or a Cantor set, but 
never anything in between. Actually, ℳ={c∈ℂ: Jc is connected}, and Jc is a Cantor 
set, iff c∈ℳ. The teacher needs background knowledge in topology and must 
be able to reduce this knowledge for application by students, e. g. via graphs 
of Jc and ℳ subject to c by means of a computer algebra system. For students, 
teachers need to reduce the contents, e.g., to graphical presentation as shown 
in Figure 5. The connectedness and disconnectedness of different Jc is visible, 
but one cannot deduce that Jc is a Cantor set iff c∈ℳ. Teachers need SMD to let 
students understand what this means. They should have a background in several 
parts of mathematics such as complex analysis and topology.

 Figure 5. Graphical presentation of definition of ℳ and Jc is a Cantor set, iff c∈ℳ

A suitable goal for students is the application of a quantum computer in the 
context of computer science. Operations with Qubits α|0〉+β|1〉 are described 
with the states |0〉,|1〉, α,β∈ℂ and |α2+β2 | = 1. These become visible with the 
Bloch sphere shown on the website. Transformations of quantum waves can 
be described with |ψ〉=cos (θ/2) |0〉+ eiφ  sin (θ/2) |1〉. Quantum gates, which 
are given, e.g., by Pauli-matrices like Y=( ), are depicted by special symbols. 
Operations of the matrices are performed via the tensor product. Here, teachers 
need background knowledge about C and linear algebra, whereas students can 
manage with elementarizations for their projects.



187

Teachers should have a backgrounds in several part of mathematics as linear 
algebra, complex analysis and vector calculus, and be able to reduce it as far as  
 
necessary for students, e. g. by referring to quantum computers used the IBM 
Quantum Experience, https://quantum-computing.ibm.com/ (Figure 6).

 Figure 6. IBM Quantum composer

We described the two levels of students and teachers. Ideally, teachers should 
be familiar with all components of SMD shown in Table 1 in order to decide about 
possibilities and ways to address these topics in their courses and adapt them 
individually for their students.

	 Conclusions

As our elaborations show, AT helps to realise and understand the structure of 
projects reports. In particular, it shows the importance of teachers’ competences 
for the design of projects for students, and for watching, noticing, and supporting 
students when working on their projects. AT is eligible for teachers to plan and to 
evaluate lectures. Clearly, teachers need SMD to fulfil these tasks. This gives an 
answer to research question (2).

The description of the courses yields answers to research questions (1) and (3). 
It becomes obvious that background knowledge of the topics is indispensable 
for teachers. Teachers need deep background knowledge to overview possible 
goals, difficulties, knowledge necessary to comprehend descriptions of topics, 
and their foundations in application and/or theory.
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In sum, we can say that teachers need a stable background in SMD in order 
to provide students with the learning opportunities offered by complex STEM 
topics. For further research objectives, we recommend to extend the study by 
examining the learning processes of individual students, in order to gain insight 
into how to apply SMD to optimise the learning experience for students.
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Abstract

Educators can have a great impact as role models, particularly at the level of attitude 
formation. This is all the more important because attitudes toward complex issues such as 
sustainability are less rigid and therefore easier to change. Thus, teachers’ broader personal 
value sets can play a critical role in the successful implementation of UNESCO’s Education 
for Sustainable Development goals in their classrooms. Our study shows that while university 
teacher training in biology seems to be significantly positively associated with the development 
of the nature-based universalism value, other sustainability-related values do not change in a 
similar way, although teacher training offers great potential in this regard. 
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1.	 Relevance of Teachers’ Personal Values

The likelihood that teachers will be able to successfully implement Education 
for Sustainable Development (ESD; UNESCO, 2017) in their everyday teaching 
largely depends on their professional competence (Dunn & Hattie, 2022). 
However, the broader set of personal values teachers hold may also play a crucial 
role in successfully adapting ESD to their classroom (Corrigan et al., 2020). Values 
are cross-situational goals that guide individuals or social groups and vary in 
importance (Schwartz et al., 2012). If a value, such as sustainability, is of particular 
importance to a person, he or she is more likely to choose those attitudes and 
behaviors that correspond to that value (Rokeach, 1973). 

Several authors have already argued that and how teachers’ personal values may 
affect their teaching (e.g., Simon & Connolly, 2020). A study by Harland and Kinder 
(1997) showed that a perceived mismatch between teachers’ personal values 
and those embedded in the curriculum decreases the likelihood of implementing 
specific instructional approaches and taking adequate time to teach relevant 
topics. However, teachers’ values are important for a second reason: According 
to the socio-emotional domain of ESD (UNESCO, 2017), the acquisition of values 
conducive to sustainability is explicitly mentioned as a learning goal. Indeed, 
values develop and change through learning experiences, the environment, and 
ongoing adaptation to new situations and lifestyles (Rokeach, 1973). 
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It is therefore important to take a closer look at teachers’ sustainability-related 
personal values in order to evaluate whether these are congruent with ESD or 
whether specific learning opportunities are needed to specifically change any 
value discrepancies that may exist.

2.	 Research Questions 

1)	 Does a sample of pre-service biology teachers (PBTs) show higher levels of 
sustainability-related values than a reference sample (71% university students of 
different majors; 29% adults) that was surveyed 10 years ago?

2)	 Is there a positive association between the number of ESD-related learning 
opportunities in biology teacher education (operationalized by semesters of study 
completed) and the level of sustainability-related values, even after partialling 
out the influence of the PBTs’ age?

3.	 Methods

We conducted a cross-sectional survey including N = 151 PBTs from a university 
in Germany. We specifically selected this group as ESD in German curricula is 
mainly covered by the subject of biology.

The operationalization of sustainability-related values was based on Schwartz 
et al.’s (2012) refined theory of basic values, which covers 19 discriminable values 
that can be assessed using the Portrait Value Questionnaire – Revised (PVQ-R). A 
closer look at the PVQ-R reveals that the three universalism values covered are 
almost congruent with the key ESD goals: (1) Concern: Commitment to equality, 
justice, and protection for all people; (2) Nature: Preservation of the natural 
environment; (3) Tolerance: Acceptance and understanding of those who are 
different from oneself. 

We asked our participants to answer the universalism-related PVQ-R 
items (three items per value; scale range from 1 [min] to 6 [max]) as well as 
sociodemographic questions to assess their age and semester of study. 

Research question (RQ) 1 was answered by comparing our sample to the PVQ-R 
norm sample that was surveyed by Schwartz et al. in 2012. We calculated Hedges’ 
g, which accounts for different sample sizes and can be interpreted analogously 
to Cohen’s d. RQ2 was answered by calculating partial correlations.

4.	 Results 

Regarding RQ1, our results show that, compared to the reference sample, 
our sample of PBTs shows higher levels of all three universalism values (medium 
effect sizes; Table 1).
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Table 1. Differences in universalism values between a reference sample (Schwartz et al., 
2012) and our sample

Universalism value
Reference sample

(N = 3,261)
Analysis sample

(N = 151) gHedges

M SD M SD
Concern 4.72 0.78 5.25 0.70 0.68
Nature 4.02 0.87 4.65 1.06 0.72
Tolerance 4.61 0.71 5.10 0.65 0.69

Regarding RQ2, we found a low, but significantly positive partial correlation  
(r = .16, p < .05) between semesters of study and the level of the nature-related 
universalism value. With respect to concern- and tolerance-related values, 
however, there were no significant correlations.

5.	 Discussion 

Overall, our results show both positive aspects and possible starting points 
for action. Regarding RQ1, we cannot be sure whether the higher scores of our 
sample of PBTs are a result (a) of a general trend over time or (b) of the fact that 
their major is biology or (c) of a mixture of both. However, considering the fact 
that the maximum PVQ-R scale value is 6, we still interpret the result favorably. A 
clearer need for optimization is revealed by the correlational results. Despite the 
fact that university teacher training in biology seems to be significantly positively 
associated with the development of the nature-related universalism value, other 
sustainability-related values do not seem to change in a similar way, although 
teacher education offers a lot of potential in this respect.

Empirically, it has been shown that university students’ intention to engage 
in sustainable behaviors considerably depends on what they perceive to be the 
social norm. In this respect, university professors, CEOs, and politicians are seen 
as most important benchmarks regarding sustainable behavior (Swaim et al., 
2014). Thus, particularly at the level of attitude formation, educators can have a 
great impact as role models. And this is even more important because attitudes 
toward complex issues like sustainability are less fixed and therefore easier to 
modify (Linville & Jones, 1980).

In order to effectively promote the acquisition of values conducive to 
sustainability among pre-service teachers, it may be beneficial for professors 
involved in university teacher education to consistently bring up their own 
sustainability-related values (e.g., in brief anecdotes) and, of course, to behave 
accordingly (e.g., ride a bicycle to work). In addition, community-based learning 
should not be forgotten in university teacher education, as it has been shown to 
encourage reflection on one’s own civic responsibility (Ibrahim, 2010).
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Pre-service teachers’ understanding of fieldwork influences their use of fieldwork in climate 
change education. In this paper, we investigate how participants of the EduChange project 
perceive fieldwork. We analyse their answers from a sticky note exercise and questionnaire 
held during the EduChange course. These pre-service teachers display a rich understanding of 
fieldwork, and focus on its activating, situated pedagogy. However, they are not blind to the 
various barriers teachers may need to overcome to embed fieldwork in their teaching. 
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1.	 Introduction and theoretical background

Fieldwork, defined as out of classroom teaching where first-hand experience 
with the field is essential (Boyle et al., 2007, 300), is considered an important 
pedagogy in GEES (geography, earth science and environmental sciences) and 
STEM that has many potential benefits (Kent et al., 1997; France & Haigh 2018). 
Fieldwork also has great potential for climate change education (CCE) and 
broader education for sustainability (SDE), especially in its ability to overcome 
mechanisms of psychological distancing by contextualising and stimulating the 
affective dimension (Dillon, 2017; Jegstad et al., 2017; Monroe et al., 2019; Favier 
et al., 2021; Cyvin & Van Gorp, 2022; Remmen & Iversen, 2022). 

However, being outdoors does not inherently mean effective teaching and 
learning for CCE. Effective fieldwork that leads to deeper learning requires 
thorough preparation and embedding of fieldwork into the curriculum (Oost et 
al., 2011; Remmen & Frøyland, 2014, 2015a,b). It also asks teachers to overcome 
practical hurdles (costs, timetables) and even to convince school management 
of its value. Educating pre-service teachers about the benefits of fieldwork for 
teaching wicked problems like climate change can help them feel well prepared 
to use it in their lessons. This research focuses on pre-service teachers and their 
perceptions of fieldwork. Since fieldwork can be a powerful tool and site for CCE, 
we want to know what our participants think about fieldwork to gauge whether 
they would be inclined to use it in their professional lives. 
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Our research is based on a designated international field course about 
innovating CCE created within the Erasmus+ project EduChange (educhange.
net). The EduChange methodology focuses on student-centered, enquiry-based 
methods which apply photography, Virtual Reality, gamification, and place-based 
experiences (Panek et al., 2022). Students from four participating universities 
gained various fieldwork experiences during the common international field 
week. The entire course continues after this field week when participants apply 
the methodology while preparing a teaching activity related to climate change 
for a local school.  

2.	 Methods

Two cohorts of EduChange participants shared their fieldwork perceptions, 
expectations, and experiences with the authors. This group may be self-selective, 
as climate change education and fieldwork were two important pillars of the 
course. Participants’ fieldwork perceptions were collected at the beginning of 
the international field week using sticky notes (n=18, 2022; n=30, 2023). We 
asked the students about their vision of fieldwork as a pedagogical concept and 
their desired and expected types of field education. The 2023 cohort completed 
a supplementary questionnaire with questions regarding their prior experiences 
with fieldwork, whether they believe fieldwork has added value for education 
and which barriers to fieldwork they were aware of. An SDI, using an abductive 
approach, was used for analysis (Tjora, 2018). We made an additional inventory of 
the fieldwork activities students designed as part of the EduChange programme. 

3.	 Results

The overall impression of the sticky notes and online questionnaire is that 
students have rich notions of fieldwork. Rich in several ways: we found both very 
elaborate answers and short almost poetic notions that capture ‘grander’ ideas 
such as ‘learning from and in the world’ or ‘a classroom without walls!’. In the 
2023 cohort, a few students filled their sticky note entirely: ‘Fieldwork in my 
profession as teacher means taking learners outside the classroom and school 
building where learners actively participate in a learner-centered methodology in 
activities often located outside. Although ‘the field’ can also be an inside location 
but to learn something about that surrounding’. In their answers to the separate 
questions, some students stuck to one main idea, whereas others added new 
insights with each answer (see table 1). 



196

Table 1. Comparison of two students in their answers to three of our questions

What is fieldwork?
Doing things which 
you study theoretical, 
outside practical

Fieldwork is an educational tool to develop geographical 
skills such as mapping and it helps to add context and 
bridge the gap between theoretical concepts and visual 
/ practical adaptations of those concepts

How to set it up?
Depends of field. 
For climate change 
it should be with 
modern technologies 
and research.

Fieldwork should consist of various activities and 
different cognitive levels in order to contextualize 
different topics by showcasing local / real life examples 
from the outdoors and own environment

Added value?
Yes, it is something 
unusual for children 
and they keep more 
attention

In my opinion, fieldwork adds value to teaching as 
it provides a contextualization of subject material, 
theories or concepts by experiences in a student’s daily 
life and environment.

In short, their collective perception of fieldwork is that fieldwork is outside, 
offers first-hand, real-life experiences, often contains some type of data collection 
and makes education fun. Five students exclusively referred to data collection on 
their sticky notes. The sticky note exercise formed the opening of the fieldwork 
workshop. We shared our definition after the exercise to avoid any influence. A 
range of generic data collection techniques – ‘tasks like observing, measuring, 
exploring’ – as well as skills specific to disciplines (georadar or meteostation) 
were mentioned. 

The rich notions can be explained by participants’ familiarity with fieldwork. 
We asked the 2023 cohort about their fieldwork experiences as students, as 
teachers or guides. Of the 30 participants only two had no previous experience, 
the majority participated in fieldwork as students and eleven had (additional) 
experience as teachers or guides. Many of them have a background in geography, 
environmental sciences or ESD, where fieldwork is considered essential (France 
& Haigh, 2018). Apparently Covid_19 interfered little, only one student mentions 
this as a reason why their experience with fieldwork was limited. The 2023 cohort 
was asked whether they felt that fieldwork had added value for teaching. Some 
answered this question with a definitive ‘yes’ or ‘of course’ with an exclamation 
mark. Other answers reflected a similar obvious added value: ‘as a biologist 
teaching outside is essential’, ‘usually we learn more’ or ‘exposing people to 
firsthand experiences is always very effective’. 
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3.1 Fieldwork dimensions

When zooming in on the answers, we see that participants focus on a number 
of dimensions of fieldwork as a teaching activity: location, didactics, benefits, 
impact, and conditions. Participants frequently referred to fieldwork didactics. We 
identified four common themes in their answers: active participation, experience, 
real-world and cooperation. Participants firstly refer to fieldwork as an active way 
of teaching, to them fieldwork is about learning by doing, active participation, 
hands-on application and self-learning. They secondly mention experiences as 
an important didactical element of fieldwork: fieldwork is an immersive activity, 
it is about being in the field, experiencing places, experiencing issues first-hand. 
For some respondents this experience also implies using multiple senses. Other 
answers explicitly state ‘own experience’ or contradict experience to knowledge 
gained through a book or a teacher talking. A third and related thread refers 
to the ‘real world’ connection of fieldwork. Students mention that fieldwork 
can make pupils experience or see what they read about, connect the theory to 
the real world, and thus make what is abstract concrete. As a result, fieldwork 
contextualizes learning, translates the examples from other places to the local 
context, to their own lives. Particularly in the 2022 cohort, students mention a 
fourth didactical element: cooperation. One student extends this to working with 
local people. 

Participants not only name elements of fieldwork didactics, they also explain 
why these elements are important, or what the effect could be on teaching and 
learning. This is remarkable since few have actually set up fieldwork as teachers. 
We uncovered various strands of thought. Firstly, there are arguments made 
about variety: fieldwork as a novel way to learning that diversifies teaching 
methods. These comments imply that variation is good and serves a purpose: 
‘bring variation to your teaching so you can motivate a larger part of the group’ 
or ‘something unusual for children and they keep more attention’. Secondly, 
the answers also point at the mechanisms that make fieldwork effective: it is 
motivating and engaging: ‘more motivating and give more interest in a topic’ and 
‘open curiosity for new learning’. The answers thirdly refer to improved learning 
outcomes: ‘should be better for our memory’, ‘pupils would think topics more 
interesting, ask more questions, learn / recollect more’, ‘it enriches students’ 
learning experience, cause deeper learning also improve attitude to (science) 
education’.

A core characteristic of fieldwork is its location. Participants mentioned it takes 
place outside and used a range of expressions for this: ‘outdoor’, ‘outside, in real 
environment’, ‘in the wild, not it the office’, ‘in situ / on the ground’, ‘outside in 
natural or urban environment’. In their answers we distinguish five perspectives 
on how fieldwork relates to ‘regular’ classroom teaching. For some fieldwork 



198

is the opposite of the classroom. They wrote about how fieldwork is different 
from indoor teaching, how it is more fun, and how certain things cannot be 
learned in the classroom: ‘it does not make sense teaching about nature sitting 
in a classroom’. The other participants connected the classroom and field, albeit 
in various ways. We firstly found broad notions of how the field adds something: 
‘brings life to what you discuss in class’. Other statements hint at some kind of 
extension of classroom teaching: one student refers to skills that need to be 
practiced outdoor as well, thus implying that instruction can only partly be done 
in classroom. And finally, the connection was also explained in terms of sequence, 
suggesting fieldwork takes place after topics are discussed in the classroom: 
‘seeing real-life examples of things you had studied previously’, ‘apply what they 
have been learning’. Two students refer to the possibility of bringing the outside 
in the classroom, for example by means of virtual reality. 

3.2 Creating fieldwork?

During the entire EduChange course, students designed two educational 
activities. During field week, they first of all worked in international teams 
and designed an activity which is play-tested on the last day by all participants 
and teachers. Over the years, about a third to half of the play-tested activities 
contained an outdoor element. Students for example ran outside to photograph 
waste in the school surrounding or investigated urban heath islands using the 
Seppo app. Other play-tested activities used board games, role play or quizzes. 

Back home, students worked in small teams and reached out to local schools 
(often where they do their internship). They designed a lesson or series of 
lessons. These teaching activities included a variety of outdoor activities – either 
in surrounding of school, in a nearby location connected to climate issues or 
in area that pupils would pick themselves. The students readily applied new 
technologies in connection to fieldwork – Storymaps as part of the preparation 
before entering the field, Seppo games  to use in the field. The importance 
participants attach to fieldwork is reflected in activities designed by the 2020 
cohort. They developed their activities in times of the first general lockdowns 
and conversion to online teaching. Still, they amongst others created an activity 
using a Storymap with optional fieldwork, another activity that could be done 
using VR and videos but does state ‘if possible in field’, an activity in school yard 
and activity that requires students to go on fieldtrip to woodlands area.

4.	 Discussion 

Overall, the perceptions of fieldwork of our participants reflect important 
insights from the literature about effective implementation of fieldwork (e.g., Oost 
et al., 2011; Remmen & Frøyland, 2014; 2015 a & b; 2017; France & Haigh, 2018). 
Our students demonstrate an awareness of what can be learned with fieldwork 
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(skills, content), of the potential added value (for example for motivation), and the 
requirements for effective fieldwork. Moreover, they recognize the importance 
of the authentic context and situated learning: fieldwork can be used to connect 
theory and abstract concepts to for real-world issues, what Lave & Venger (1991) 
called situated context. 

Participants show awareness of what is needed to set up fieldwork and can 
identify potential obstacles, from practical issues such as weather, to organizational 
hassle (convincing school of its benefits, making room in a packed curriculum), 
or the challenges of being in the field with pupils: ‘lazy students’, ‘bad selection 
of students’ or ‘kidz being kidz’. The lack of fellow teachers to run field work, or 
their lack of understanding of the value of fieldwork also form obstacles.

Our participants strongly lean towards student-centered approaches to 
fieldwork. One student explicitly warns that teachers should not be talking in the 
field all the time. Oost et al. (2011) emphasizes that enquiry-based fieldwork only 
leads to deep learning when two important conditions are met: fieldwork needs 
to be properly embedded, and all stages of the activity (including the preparation 
and debriefing) need to be approached in a student-centered mode. Teacher-
centered introduction of topic or activity may put pupils in a more passive mode. 
The answers of our participants show awareness of the need to embed fieldwork: 
they mention the need for preparation and debriefing with pupils. Although 
the participants express a preference for student-centered approaches, their 
statements at times hint at a more mixed approach since they plan fieldwork 
after classroom teaching on the same topic. 

5.	 Conclusion & further research 

EduChange participants have a rich understanding of fieldwork, they recognize 
its value and are aware of the efforts required to organize it. Their understanding 
of fieldwork as active, student-centered, contextualized teaching has great 
potential for CCE and ESD. In the EduChange field course students experienced 
fieldwork, were trained in workshops and had the opportunity to apply it. We 
strongly believe that this holistic experience can support them in building their 
Pedagogical Content Knowledge regarding CCE and made them aware of the 
potential of fieldwork in this. In the safe learning space of the EduChange project 
they demonstrated this. However, follow up research is needed to establish the 
long-term impact on their professional life. Research by Emstad et al. (2020) 
has shown that extensive training does not guarantee teachers will use outdoor 
education in their teaching. Training may not be the key ingredient to them 
actually using it when the obstacles early career teacher face in school seem 
to big for them to overcome. We will therefore reach out to the five cohorts of 
EduChange participants to find out whether fieldwork has become part of their 
repertoire as teachers. 
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1.	 Background of the study

In Europe, the development of science disengagement among students in 
secondary education is an often-seen phenomenon (Howard, 2017; Osborne & 
Dillon, 2008; Sjøberg & Schreiner, 2019). As many European countries already 
experience a shortage of specialists in scientific oriented disciplines, it is 
important to get people motivated to pursue a career in science to keep up with 
the rapid growth of the science sector (Archer et al., 2013; STEM Alliance, 2017). 
Furthermore, societies face complex science-related problems, such as global 
warming, floods, droughts, and water and air pollution. As these problems, also 
known as Socio-Scientific Issues (SSIs), are becoming more and more present in 
our society, it is important to give attention to these issues in the classroom. This 
enables students to develop their civic competences, such as science-informed 
decision making (Zeidler & Nichols, 2009) and therefore become better prepared 
to face these problems in their future (Ariza et al., 2021). 

One of the initiatives that helps to bring real-life problems such as SSIs into 
the classroom are School-Community-Projects (SCPs). The goal of an SCP is to 
establish partnerships between schools and their community, whereby relevant 
SSIs for the community are the subject of the project. Students are asked to use 
project-based working methods to find a solution to a yet unresolved chosen SSI 
by working together with members of the community and other stakeholders to 
give students a better understanding of the application of science in society and 
motivate them to engage in science (ICSE, n.d.).

SCPs are also expected to change students’ sustainability consciousness (SC). 
SC is an individual’s awareness and understanding of the principles and practices 
associated with sustainable development, whereby environmental, societal, and 
economic dimensions are considered (Gericke et al., 2019). It is known that SC 
dips during adolescence (Olsson & Gericke, 2016), making it important to search 
for effective adaptations in sustainability education such as SCPs to meet the 
needs of students.

As implementing an SCP in a school structure asks for a change in the 
curriculum and requires effort from the people involved, it is valuable to identify 
supportive elements for the implementation of such a project for long term use. 
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For example, involving and maintaining contact with all (external) community 
members and stakeholders can be challenging for (internal) school members 
(such as teachers and school leaders) that are involved in the project (Mathie & 
Wals, 2022) and therefore asks for attention. Furthermore, the development of 
students’ SC through SCP is not known yet and can therefore be investigated.

2.	 Relation to the conference theme and dimension

As School-Community-Projects are based on open schooling approaches and 
are built around environmental issues, this research is suitable to fit the overall 
theme of this conference. The findings on the research questions are helpful for 
teachers and other school members that want to implement and sustain open 
schooling approaches in their curriculum. In addition, similar projects arising and 
searching for a long-term impact will benefit from the outcomes of this specific 
research. Therefore, the findings are mostly related to dimension 3, the structural 
dimension. The topic is addressed from the perspective of the internal school 
members and external stakeholders involved.

3.	 Set up of the study

The research questions of this study were:

1.	 What factors are important for the school organization and the 
community when implementing a School-Community-Project about 
energy management in the long term?

2.	 How does a School-Community-Project about sustainability affect 15-to-
17-year-old students’ sustainability consciousness?

To conduct the study, an SCP for approximately twenty 15-to-17-year-old 
pre-university students was designed. Besides students, other participants of 
the project were external stakeholders from the neighbourhood (such as from 
businesses or governments), and internal school members (such as teachers, and 
school leaders). To define the support that was needed for the participants to 
join the project, questionnaires were designed and filled in by the participants 
after the project. To measure students’ SC, a pre- and post-questionnaire was 
used and a semi-structured group interview was set up, in which four students 
participated.
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1.	 Smartfeld@St.Gallen: Tackling SDGs, future skills and physical computing in 
co-creation with active teachers and influenced by start-up spirit.

Smartfelds new project “Use of new technologies for the challenges of the 
future” (TecforFuture) combines STEM-education with education for sustainable 
development by fostering the experience of self-efficacy in the combined fields 
of new technologies and SDG-based challenges.

Smartfeld itself is an interdisciplinary initiative of the innovation network 
Startfeld, Empa, GBS St. Gallen, the University of Applied Sciences of Eastern 
Switzerland, the University of Teacher Education St. Gallen and the University of 
St. Gallen with the aim of promoting creativity and future competencies as well 
as making children and young people fit for the challenges of the digital age.

Within TecforFuture, the cooperation partners of Smartfeld, active teachers 
and their students combine their experiences and co-create new learning offers/
workshops together, which benefit from the fact that (a) the interdisciplinarity, (b) 
the necessary expertise and (c) the necessary resources (time, finance, locations) 
are available and stimulate new exciting formats to arise.

The implementation of the workshop is carried out in the Switzerland 
Innovation Park Ost where start-ups work and make their ideas fly. This unusual, 
authentic location additionally contributes to the inspiration for students and 
teachers.

2.	 Co-creation of student and teacher educational settings with partner schools

The project aims at two different target groups, (a) students (Sek I, Sek II) and 
(b) their teachers.

Students: Most students in Switzerland are forced into career decisions within 
Sek I, latest Sek II, but in-school educational offers for self-efficacy experiences 
in the field of technology, entrepreneurship and interdisciplinary problem 
solving are still (very) rare. With this highly interdisciplinary project, students 
shall generate a broader view on the possible impact of STEM-competences and 
creativity on the SDG-challenges of the future.

Teachers: In contrast to Sek II, teachers of the Swiss Sek I are multidisciplinary 
educated, but most lack resources and/or sufficient IT/physical computing 
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knowledge to integrate its potential into their lessons. Furthermore, some 
teachers shy away from the apparent complexity of open learning sessions 
often associated with student-centred computer-driven STEM tasks. Within the 
project`s spiral model, teachers are supported to improve on their own physical-
computing skills, thus encouraging shared ownership.

3.	 TecforFuture: Problem statement and approach

Our problem statement:

Four out of ten students in Switzerland cannot explain climate change 
(Tagesanzeiger 2022). In an international comparison, the awareness of 
global issues of Swiss students is also low (Pisa, 2018). But already in 2015, 17 
Sustainable Development Goals (SDGs) were defined as an urgent call for action 
by all countries in a global partnership.

To tackle the SDGs, innovative solutions are needed on a broad scale, translating 
into numerous creative and diverse minds working efficiently together, with an 
interdisciplinary understanding of the challenges and a mindset that individual 
capabilities can shape a powerful team. The pool for these diverse minds is 
represented by the future key-stakeholders (and the future mindset) for the 
creation and implementation of these innovative solutions: the young people.

Our approach:

With TecforFutures, Smartfeld expanded its innovative portfolio with a focus 
on using new technologies for the challenges of the future. Based on the SDGs, 
challenges are addressed by students by developing initial solution concepts 
(prototypes) with the help of new technologies.

The goal is, on the one hand, to enable learners to experience self-efficacy in 
the field of new technologies and to gain their own experience in implementing 
solution ideas, and on the other hand, to acquire methods and a mindset for 
solving problems and to recognize the resulting benefits of the generated 
application. This goal shall enhance the understanding of technology’s broad 
potential to support solutions for the SDGs. However, a more generalized, 
but in the context of the SDGs, equally important goal is that as many young 
people as possible (Sek I, Sek II) shall experience for themselves in new learning 
settings that they already have what is the raw material of the future due to its 
“nonautomatability”: Imagination and problem-solving skills that will make the 
difference for a more sustainable future.

The effective solution to achieve this goal lies within Smartfeld’s specific DNA, 
as a proven and highly motivated incubator for innovative education created by 
strong partners.
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We will present a) the project, b) its current implementation and c) lessons 
learned from the co-creative development- and implementation process from 
the view of Smartfeld as well as from the participating teachers. 

Smartfeld at a glance:

In St.Gallen, the higher educational institutions have created a common lab to 
fuse technology and creativity for STEM-Education: Smartfeld. Smartfeld reaches 
out to 3500 pupils per year. Backed by foundations, it started in 2022 to develop, 
implement and run its new open source workshop “Use of new technologies for 
the challenges of the future” by combining the creative potential of its partners 
and active teachers in a co-creative approach based on the OECD Learning 
compass 2030. In short, it tackles SDGs, future skills and physical computing in 
co-creation with active teachers and influenced by start-up spirit.

Smartfeld’s feedback loops represent a shortcut between teacher education 
and the students’ educational system, thus “lessons learned”, as well as 
established good practices, can rapidly be distributed and discussed between 
relevant stakeholders, as well as disseminated, e.g., via teacher training events, 
conferences and research-based formats.
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Our current society faces enormous environmental challenges. Now is the time
to stand up for a sustainable future. This request for action also concerns our
STEM education community to take the transformational potential of teaching
and learning. 

Teachers are decisive factors in ensuring the achievement of creative and
sustainable learning outcomes in mathematics and science education, in
fostering young peoples’ competences and empowering them to become
responsible and active citizens. We need to share good practices, research
results and innovative classroom materials that allow for implementing
approaches that support the implementation and scaling up of education for
sustainability.

Educating the Educators (ETE) is an international conference series on
professional development in STEM (science, technology, engineering and
mathematics) education that brings together teacher educators, policy makers,
teachers and various other stakeholders related to STEM education. The fourth
edition of the ETE conference series was hosted by Utrecht University, ICSE and
the Naturalis Biodiversity Center in the Netherlands, in collaboration with the
MOST project. 

ETE IV focused on implementing and scaling up innovative teaching approaches
in STEM education with an emphasis on open schooling for sustainability
education. The aim was to discuss different ways of working, the roles of
teaching materials, and structures needed for innovations in STEM education.
ETE IV featured both traditional and innovative formats to benefit of a diverse
circle of participants from research, practice and policy. Vivid exchange and
collaborative work were ensured through spaces for co-creation. This volume
reflects the main topics of discussion and the participants’ conference
experiences.
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