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Abstract. STEM Digitalis project aimed at the development of blended and distance learning 

environments for pre-service science teachers in advanced STEM topics. Consequently, five 

teaching scenarios about contemporary scientific topics have been developed, to facilitate pre-

service teachers’ conceptualization of STEM learning and to provide them with learning 

experiences, supporting the development of their digital competencies. Three contributions of 

the proposed symposium are focused on the implementation of the teaching scenarios, focusing 

on the use of digital technologies for teaching STEM topics in blended and distance learning 

environments, while the fourth contribution discusses insights of these implementations into pre-

service teachers training programs. 

 

Introduction 

 
The COVID-19 pandemic forced institutions worldwide to quickly transition instruction from 

face-to-face forms to distance or blended learning settings. Most of the academic institutions, staff 

members, and students were not prepared for this quick transition, due to their limited or lacking 

knowledge and skills about blended or distance learning environments, as well as the corresponding 

teaching methodologies. Further challenges arose in the STEM courses, which usually consist of 

hands-on activities to engage students in scientific practices, enhancing apart from their scientific 

understanding, inquiry, and practical skills, including skills in data collection and processing and 

operation of scientific equipment, etc. Because of the universities' operation suspension for a long 

time during the pandemic, many questions have emerged related to how prepared higher education 

is in case another global or even local crisis appears in the future. It is controversial whether higher 

education (infrastructures, staff members, students) could support an effective shift of the face-to-

face learning environment to an appropriate distance or blended learning environment for science 

courses [1].  
Consequently, many attempts have taken place in the last years related to the development of 

online and/or blended digital teaching material and learning environments in the context of STEM 

courses in higher education, in cases where physical presence is not possible. However, if online 

teaching is approached from a pedagogical point of view, it is supposed to have a positive impact 

on teaching and assessment strategies [2]. In the literature, various pedagogical and instructional 

strategies (such as gamification, interactive models, virtual environments, etc) that could effectively 

support the engagement of learners in meaningful knowledge construction, are proposed. Both 

synchronous and asynchronous online learning experiences could be enriched by online digital 

tools, improving student learning and providing high-quality and collaborative learning 

environments, due to their multimodality and availability [3].  
According to the above, the Erasmus+ project “STEM Digitalis” (https://stemdigitalis-

project.eu/) is a partnership of five academic institutions and its aim was the development of 

blended and distance learning environments for teaching advanced STEM topics to pre-service 

primary and secondary science teachers. More specifically, the project objectives refer to 

formulating guidelines and teaching material to equip pre-service science teachers with 

knowledge and skills not only related to the use of digital tools (e.g. interactive videos, data 

loggers, virtual and augmented reality apps, etc.) but also related to the efficient integration of 

such tools in teaching and learning of advanced STEM topics. 

https://stemdigitalis-project.eu/
https://stemdigitalis-project.eu/
https://stemdigitalis-project.eu/


 

Symposium format 

 

The symposium will consist of four contributions Three contributions are focused on the 

implementation of the teaching scenarios, focusing on the use of digital technologies for teaching 

STEM topics in blended and distance learning environments, while the forth contribution refers to 

the insights of these implementations into pre-service teachers training programs. More specifically, 

during the symposium the discussion will focus on i. the educational use of various digital tools in 

online and distance science learning environments, ii. the innovative characteristics and features of 

digital technologies and iii. examples of good practices concerning teaching and learning strategies 

that promote meaningful use of digital technologies for teaching STEM topics in pre-service 

teachers training programs. Particularly, the four contributions are the following: 
 

• “Pre-service science teachers’ views on the use of digital tools in the context of a Climate 
Change scenario”  
Through this contribution, the structure of the climate change module will be presented with 

a focus on the integration of the specific digital tools, designed by the University of Crete 
group. In addition, the pre-service science teachers’ views about the significance of the 

integration of digital tools in STEM learning environments intended for climate change 

teaching will be presented and discussed.  
• “Interferometry in a Virtual Surrounding”  

This contribution reports on the digital products developed by the Leibniz University Hannover 

team of the STEM Digitalis project with a focus on the VR environment. Part of the results will 

be presented related to the significance of the students’ experimentation through a 

Michelson interferometer.  
• “Ocean Batteries and Energy Farms: A Digital Scenario”  

This contribution focuses on sustainability through renewable energy harvesting and storage, 

presenting a digital scenario on Ocean Batteries and Energy Farms, developed by the University 

of Groningen group. Findings related to teachers’ reflections on engineering and technological 

aspects of the scenario will be presented and discussed in the symposium.  
• “Influence of STEM Digital scenarios on pre-service teacher professional learning”  

This contribution examines the influence of STEM Digital scenarios on pre-service teacher 
professional learning through the discussion on the role of both the teacher and the 

technology in facilitating the successful implementation of a digital scenario in primary and 
secondary classrooms. 
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Abstract. The present study explores the views of pre-service science teachers about the integration 

of digital tools in STEM learning environments which are intended for climate change teaching. The 

study took place in the context of the Erasmus project "STEM Digitalis". A digital teaching scenario 

about Climate Change was developed and implemented with pre-service science teachers. The 

findings indicate that pre-service science teachers recognize a variety of possibilities of digital tools 

in the teaching of cutting-edge STEM topics, supporting the cultivation of skills related to scientific 

practices and a deeper understanding of scientific content. 

 

Introduction 
 

In recent decades, climate change has been increasingly intensifying with significant societal 

and environmental impacts which are expected to escalate [1]. Consequently, citizens have to be 

climate literate to make informed decisions and take climate actions. Particularly, they need 

knowledge about climate change phenomena and their multidimensional consequences, as well as 

skills and attitudes to be able to critically evaluate information, argue, and make decisions about 

mitigation and adaptation action plans [2]. Climate Change Education is the key for citizens to 

cultivate their climate literacy, with a focus on the appropriate knowledge and skills.  
To reach the above, school education could contribute to cultivating climate literacy. However, 

teachers need to be prepared and equipped with the necessary knowledge and skills to formulate an 

effective STEM learning environment, that could support climate change teaching. To enhance the 

effectiveness of a such learning environment, a variety of digital tools could be used. Thus, teacher 

education could prepare pre-service science teachers to be able to use digital tools in the teaching 

of cutting-edge STEM topics, such as Climate Change. Furthermore, this part of teacher education 

could be enhanced by the participation of pre-service teachers in the corresponding learning 

environments with the integration of digital tools [3]. 
 

Theoretical Framework 
 

The research in the Digital Technologies field reveals the possibilities of tools in teaching and 

learning processes, especially in Science Education and by extension in STEM education [4], 

contributing to formulating dynamic, interactive, and inquiry-based learning environments [3]. 

Specifically, digital technologies (modelling tools, sensor software, etc.) can effectively support 

teachers' efforts to conduct inquiry-based teaching in their classrooms and lead learners to a deeper 

conceptual understanding of scientific ideas, as well as encourage them to engage in STEM fields and 

become familiar with scientific processes necessary for an inquiry. Examples of digital tools that could 

be used are interactive videos, mobile applications, serious games, etc., offering also an increase of the 

engagement and interest of learners, supporting problem-based activities, and cultivation of 

interpersonal skills (communication, collaboration, etc) [4]. However, there is a lack of findings about 

how pre-service science teachers’ views on the use of digital STEM learning environments [5]. Based 

on the above the research question that guides the present study is: What are the views of pre-service 

science teachers about the integration of digital tools in a teaching scenario about Climate Change? 



 

Methods & Findings 
 

In the context of the “STEM Digitalis” project, the University of Crete (UoC) developed a 

digital teaching scenario about Climate Change, which consists of three units and has integrated 

a variety of digital tools such as mobile apps, Unity 3D software, H5P tools, etc. Particularly, 

Unit 1 focuses on the drivers of climate change through a Unity 3D-based serious game and an 

integrated interactive video experiment. The task of the game is the collection and comparison 

of data about the temperature and carbon dioxide through decades, guiding the users to conclude 

how they correlate. Unit 2 refers to CO2 emissions by anthropogenic activities and is based on 

interactive maps that provide data related to them per country. Additionally, a mobile 

application has been created for the calculation of users’ CO2 footprint based on their daily 

activities (transportation, household devices). In Unit 3, a digital “treasure hunt” is organized, 

in which participants collaborate in solving riddles and find the information that they need to 

support the perspective of one of the stakeholders during a negotiation about a socio-scientific 

issue. The digital teaching scenario was implemented in a summer school organized in Crete in 

2022 and addressed to pre-service science teachers. Data from the implementation was used for 

the scenario’s update, which was integrated into an open-access platform and implemented 

again in online seminars, to check its final version.  
Data was collected through questionnaires focused on the views of pre-service science teachers about 

the integration of digital tools and the audio-recorded meetings during the implementation of the 

scenario. Due to the explorative nature of the study, qualitative methods of content analysis were used. 
 

Findings 
 

Findings show that pre-service science teachers recognize many possibilities related to the 

integration of digital tools in the teaching of cutting-edge STEM topics, such as Climate Change, 

supporting the cultivation of skills related to scientific practices and a deeper understanding of 

scientific content e.g. through the interactive video experiment. Indicatively, they also consider that 

digital tools could effectively engage them in the context of an everyday life topic, enhancing their 

interest e.g. through mobile apps that support the negotiation of socio-scientific issues. 
 

Conclusion 
 

Pre-service science teachers recognize a variety of strengths and limitations for each of the 

digital tools that were used in the Climate Change digital teaching scenario, such as serious 

game interactive experiment, mobile app and AR app. The implementation of the digital 

teaching scenario to pre-service science teachers helps them to consider the significance of the 

integration of digital tools in STEM teaching and prepares them to be able to choose the 

appropriate digital tool depending on the desired learning goals. 
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Abstract. This article reports on the digital products developed by the Hanover-based working 

group of the STEM Digitalis project. Special attention is paid to a VR environment in which 

students can experiment with a Michelson interferometer. Selected results of these experiments 

will also be presented. 

 

Project STEM Digitalis 

 

The aim of the project was to develop and test content and strategies for blended learning 

scenarios in STEM subjects [1]. The focus was on the development of digital tools for 

challenging STEM topics. Five universities were involved in the project: University of Crete 

(lead), Dublin City University, University of Groningen, Tallinn University and Leibniz 

University Hannover. The project ran from 2021 to 2023. At Leibniz University Hannover, the 

upper secondary school topic "Interferometry" was worked on. 

 

Innovative Digital Tools 

 

Amongst the newly developed digital tools for variable use in school lessons and higher 

education were interactive screen experiments (IBE) on various types of interferometers like 

the Michelson interferometer [4] or the Sagnac interferometer [3], Podcast series including 10 

episodes with researchers being interviewed about interferometry [4], a silent video on the 

ultrasonic interferometer [3] and Geogebra simulations. But the highlight was a virtual reality 

environment with experiments on the Michelson interferometer [2] which will be described in 

more detail in the next section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. View of the VR experimental room with the Michelson interferometer. 



 

The Interferometer Building – An Innovative VR Laboratory 

 

The flagship product of the Hanover-based working group of the STEM Digitalis project is 

a VR interferometer building in which various interferometer laboratories will be set up in the 

long term. The first room set up for this purpose houses a Michelson interferometer (see Fig. 

1). In the meantime, however, the virtual institute has already been expanded to include a 

gravitational wave detector similar to the planned LISA space detector. The implementation of 

a Mach-Zehnder interferometer is currently being finalised.  
The aim is for students to experiment independently with VR interferometers. Special 

features of the VR environment are recording and analysing measured values as realistically 

as possible, getting feedback on the quality of the values obtained and getting acquainted with 
safety aspects when handling lasers 

 

Selected Results 

 

During the Winter School 2022, the Michelson interferometer was tested on a larger scale in 
the virtual experimental environment. 43 preservice teachers from Leibniz University were first 

tasked with determining the wavelength of the laser used and the coefficient of thermal 
expansion of aluminium. Figure 2 shows the corresponding results.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2. Results of the experiments in the VR-surrounding. 

 

The median of the students’ determination of the wavelength of the laser was 630,3 nm (σ = 
6,6 nm), which corresponds to a deviation of -0,6 % from the literature value. The median 

coefficient of thermal expansion of aluminium was determined to be 2.4 · 10-5 K-1. This 

corresponds to a deviation of 4%. The results show that the VR environment in its existing form 
is practical and functional. 
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Abstract. The need to focus on renewable energy harvesting and storage has guided the 

development of a digital scenario on Ocean Batteries and Energy Farms. The goal was to develop 

digital education readiness in pre-service teacher education. The scenario was tested during an 

international summer school and local implementations in blended learning mode. Data were 

collected from teachers’ reflections about engineering and technological aspects of the scenario, 

and were qualitatively analysed. Findings revealed that teachers reflected positively on authentic 

simulations on engineering design and the societal and real-world relevance of the topic. 

Suggestions for emphasising collaboration and reflection were provided. 
 
 
 

Introduction 

 

Efforts to limit gas emissions and to support sustainable ways of energy harvesting have been 

set as priorities globally [1]. This has impacted an increasing need to develop efficient and 

sustainable renewable energy sources. However, one of their main problems is that fluctuations 

appear in the energy supply due to their dependence on weather conditions. Therefore, there appears 

to be a need to develop storage technologies that can complement and support renewable energy 

sources [2]. Specifically, combining off-shore energy production farms with on-site energy storage 

technologies can provide added value in terms of increased efficiency and reliability.  
The Ocean Grazer project (www.oceangrazer.com) is a research and development project in this 

direction. Specifically, the project develops ‘ocean batteries’, devices that make use of the pressure 

difference between a rigid reservoir (held in atmospheric pressure) and the pressure at the external 

space i.e. the seabed. The abundant energy which is harvested through renewable energy sources – 

in this case, wind turbines and wave energy converters [3], is used to drive a pump that pumps a 

fluid from the rigid reservoir to the flexible bladder; hence energy is stored in the form of potential 

energy. Contrastingly, the back-flow of the fluid can take place at a desired moment, so energy is 

provided as the flow of water passes a turbine, hence electrical energy is produced [4].  
In the context of the [name] project, the University of [name] developed a digital scenario on 

Ocean Batteries & Energy Farms for pre-service teacher education. The goal of the scenario, aligned 

with the goal of the [name] project is to develop digital education readiness for pre-service teachers 

to teach STEM topics that are relevant to real-world problems, such as sustainability and green 

energy in the case of the Ocean Batteries and Energy Farms scenario.  
Particularly, the scenario made use of a) a Matlab-based simulation of the operation of the ocean 

batteries, where participants could carry out variable testing and check its efficiency, b) a gamification 

platform (gather.town) to navigate across stages in an escape-room way, collaborate with peers and 

perform inquiry-based tasks, and c) AR agents with whom the participants could interact to check the 

knowledge gained and access the passwords for the next stage of the platform. 

 

Context & Methods 

 

The scenario was tested during a 5-days summer school developed for the needs of the [name] 

project, where 13 pre-service teachers from the 5 participating EU institutions participated in the [univ. 

name] scenario. The scenario was also tested locally during a 5-day workshop with 55 pre-service 

teachers in blended learning mode, 15 of them in in-person sessions and 40 of them online. 

http://www.oceangrazer.com/


 

Data were collected from a) post-reflection questionnaires about teachers’ views on 

engineering practices and digital technologies used, b) participants’ responses in the online 

notepads while experiencing the scenario, c) researcher’s field notes during whole-group 

reflections, d) post-reflection interviews of 3 participants after the end of the local 

implementation. Data were analysed through qualitative content analysis in order to identify 

patterns in teachers’ views and reflections on engineering practices, and their views on 

technology i.e. potentialities, challenges, and tendencies to implement them in the future. 

 

Findings & Discussion 

 

According to participants’ reflections in the summer school, pre-service teachers high valued 

engagement with simulations and software that are used in authentic research and development 

projects. They also evaluated positively the real-world relevance of the topic (n=10 participants) 

and its future-oriented relevance (n=3). Most participants also reflected positively on engaging with 

the engineering design cycle (n=8), and the engineering thinking and practices (n=6). However, 

some participants (n=3) stated that engineering took place at a surface level or not at all, while they 

didn’t like the fact that the parameters to change were pre-defined (n=2). One participant also 

mentioned that it was possible to just try out the assessment quizzes and skip the simulation 

activities. Regarding collaboration, even though the scenario provided opportunities for 

collaboration (n=9), some participants (n=2) mentioned that it was possible to perform the activities 

solely by a person; therefore collaboration was not imperative. The socioscientific relevance of the 

topic was also deemed important, even though it was solely discussed explicitly in the last teaching 

unit, which was considered a limitation.  
The analysis of data from the local implementation of the digital scenario revealed that teachers 

high valued the interactive and problem-based features of the scenario, while they found the topic 

inspiring. The interviewees regarded the visualisation and simulation of experimental settings that 

are hard to experience (e.g. the seabed) as a critical advantage of the scenario. However, they 

regarded that the scenario could be challenging depending on the background and age of the 

participants. Finally, regarding the blended learning modality, most participants considered it 

useful, as long as it entails a degree of interaction from the users.  
Overall, participants’ reflections on specific features of the digital scenario provide insights for 

developing technology-integrated teacher education programmes. The main findings reveal that 

teaching engineering processes through authentic simulations and interactive scenarios as well as 

engagement with society-relevant and real-world topics appear promising for teachers. 
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Abstract. A literature review on the design principles for pre-service teacher professional 

learning in primary and secondary level STEM education highlights the importance of using a 

range of in-person and technology-mediated instruction alongside using appropriate methods for 

teaching and learning in these contexts. The present study was carried out as part of the Erasmus+ 

project “STEM DIGITALIS” and examines the influence of STEM Digital scenarios 

implementation on pre-service teacher professional learning. The finding provide insights into 

the guidelines for pre-service teachers training programs development regarding the use of digital 

technologies in STEM teaching. 

 

Introduction 

 

A review of literature on the design principles for pre-service teacher professional learning 

in primary and secondary level STEM education highlights the importance of using a range of 

in-person and technology-mediated instruction alongside using appropriate methods for 

teaching and learning in these contexts. Pre-service teachers (PSTs) may need to overcome their 

own preconceptions and experiences of teaching through their own schooling in order to have 

confidence to implement a wider range of pedagogical techniques [1]. Pre-service teacher 

education needs to go beyond the acquisition of new skills and knowledge and into allowing 

teachers the time to reflect critically on their practice and to fashion new knowledge and beliefs 

about content, pedagogy, and learners [2]. Situation-specific and authentic professional learning 

for teachers has been highlighted as important to allow PSTs to construct their own knowledge, 

based on experience within their working environments [3,4].  
Recent trends have emphasised the importance of the integration of STEM subjects (science, 

technology, engineering and mathematics) in education and therefore as a professional development 

priority for pre- and in-service teachers [5]. While there are diverse perspectives about STEM and 

STEM education, STEM education is seen as an approach which interconnects STEM disciplines, 

often emphasising the teaching of science and mathematics through inquiry, use of (digital) 

technology, engineering design, and 21st century skills [1,6]. However, if teachers are to design 

authentic learning experiences which integrate core STEM competences within real-world contexts, 

it is essential that they have firsthand experience in these contexts themselves [5]. 

 

Methodology 

 

This study examines the influence of STEM Digital scenarios on pre-service teacher professional 

learning. This research has been carried out as part of the Erasmus+ STEM Digitalis project 

(https://stemdigitalis-project.eu/) which aimed to develop effective approaches for teaching STEM in a 

blended learning environment. Five STEM scenarios were designed to engage pre-service teachers with 

advanced STEM topics, facilitate the development of PSTs conceptualisation of STEM learning and 

provide authentic learning experiences which support PSTs to develop their pedagogical content 

knowledge around STEM. Each scenario (Water, Interferometry, Energy at Home, Climate Change, 

Ocean Batteries and Energy Farms) was presented over several units, with 



 

each unit comprising of several learning activities. These activities were designed around a five-

dimensional instructional framework (shown in Fig 1) which was developed in the STEM 

Digitalis project, informed by literature on integrated STEM learning [1] and blended learning 
[7]. The content of each scenario was trialled in local educational contexts (Estonia, Germany, 

Greece, Ireland, and the Netherlands) by each of the project partners.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 1 Five-dimensional instructional framework for STEM Digitalis scenarios. 

 

Findings 

 

The design and implementation of the scenarios provided exemplar approaches to how digital 

tools and technology can be used as an indispensable part of STEM education. We observed that 

technology can be used as a complementary asset of the teacher to support individualised and self-

regulated learning. The use of digital tools in STEM teaching supported PSTs active learning and 

their collaboration while they also provide opportunities for their problem-solving skills 

development especially when their use is accompanied with the use of real data. PSTs recognised 

the value of using digital tools to allow everyone to contribute their own thinking before agreeing 

how to progress or to agree on how to share responsibility within a group for completing a task. 

This presentation will also discuss the role of both the teacher and the technology in facilitating the 

successful implementation of a digital scenario in primary and secondary classrooms. 
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