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About this Publication 

This publication introduces the main findings of the study “Acceptance of VR/AR formats in 

teaching sustainability”. This activity was embedded in the fifth work package “Student and 

Staff involvement – taking students and staff to universities´ emission neutrality” of the 

Erasmus+ Strategic Partnership project, "Emission Free European Universities" (EFEU). This 

activity was conducted from January to May 2025 and integrated several student cohorts, 

piloting and evaluating AR/VR sustainability learning scenarios. 

 

As part of the work package, several dissemination activities have also been conducted, 

referring specifically to WP5 results but also to promote the whole project. The project´s 

dissemination activities are reported separately in the respective Work Package Report and 

Beneficiary Report sections. 

The online version of this report can be obtained from the project’s website: 

https://www.dhbw-stuttgart.de/efeu 

https://www.dhbw-stuttgart.de/efeu


Project n° 2022-1-DE01-KA220-HED-000085955 
 

1 

1 Introduction  

The digital transformation in higher education presents teachers and students alike with new 

didactic, technological and social challenges. Immersive technologies such as virtual reality 

(VR) and augmented reality (AR) in particular offer potential for making teaching more 

interactive, participatory and experience-based. In the wake of the climate crisis and digital 

transformation, the role of universities as places of education, drivers of innovation and 

catalysts for social change is being renegotiated. Projects such as EFEU illustrate that 

universities' sustainability strategies do not have to be anchored solely in research and 

teaching, but can also be reflected in operational, technical and curricular structures. 

 

This research project was developed as part of the WP 5 module “Student and Staff 

involvement – taking students and staff to universities´ emission neutrality” and was dedicated 

to analyse the acceptance of VR/AR formats in teaching sustainability. 

In particular, it addresses the concern that digital technologies should be viewed not only as a 

driver of innovation, but also as an opportunity for the ecological and didactic advancement of 

academic teaching. The focus is on the question of how VR-based learning environments can 

contribute to promoting sustainability skills, developing pedagogical effectiveness and, at the 

same time, being compatible with the goals of ecological responsibility. The EFEU project 

serves as a content framework and source of inspiration, particularly with regard to its focus 

on urban mobility, environmental awareness and digital communication formats. 

 

Another focus of the work is on how immersive learning spaces can be designed to meet both 

didactic and ecological requirements. Reflecting on ecological aspects – such as carbon 

footprinting, material cycles and resource conservation – is highly relevant in light of global 

climate targets and the Sustainable Development Goals (SDGs). Virtual reality not only viewed 

as an innovative learning medium, but also as a subject for critical evaluation with regard to its 

own ecological footprint. 

 

Against this background, the operational part of this study consists of the development, 

analysis and reflection of a concrete VR-based teaching/learning arrangement. In several 

thematic stations – for example, on mobility or consumer behaviour – an immersive learning 

space was designed that allows students to experience central sustainability topics. In addition, 

this prototype was evaluated through exploratory tests with test subjects and examined for its 

didactic effectiveness and ecological connectivity. The methods and theoretical models used 

(e.g. the CAMIL model, the cradle-to-cradle concept and CO₂ balance approaches according 

to the GHG Protocol) form the basis for further development. 
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1.1 Objectives and research questions of the thesis 

The study aims to develop a scientifically sound and ecologically reflective concept for a VR-

based teaching/learning arrangement that is specifically geared towards promoting 

sustainability skills in higher education. Immersive technologies such as virtual reality are not 

only considered as didactic tools, but also as technological systems whose use must itself be 

subjected to critical ecological evaluation. It is based on theoretical models (e.g. CAMIL) and 

ecological assessment frameworks such as the GHG Protocol or the cradle-to-cradle 

approach. 

The focus is thus on a dual perspective: 

• On the one hand, it examines how learning processes in virtual environments can be 

designed to be sustainable, motivating and effective. 

• On the other hand, it analyses the ecological implications of using VR systems – 

particularly with regard to hardware use, energy consumption, carbon footprint and 

material cycles. 

A literature review was conducted to clarify how a VR-based teaching/learning arrangement 

for promoting sustainability skills can be designed in a structurally, didactically and technically 

meaningful way in order to enable a holistic, effective and ecologically responsible educational 

concept in a university context. The extent to which immersive technologies can be evaluated 

ecologically in this context will be disclosed. This evaluation will take into account, among other 

things, the service life of the devices, their recyclability and the emissions associated with their 

use. A complete assessment of the effectiveness of immersive learning environments also 

requires the analysis of cognitive, motivational and affective factors from the perspective of the 

students. Based on the development and reflection of a prototypical VR learning setting with 

accompanying evaluation of the practical example, the aim is to find out how learners perceive 

immersive VR scenarios in terms of sustainability, user-friendliness and educational 

effectiveness 

.  
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2 Methodology 

The methodological approach of this study is designed as a combination of practical concept 

development, theoretical foundation and empirical feedback. The aim is not only to analyse 

the potential and challenges of immersive learning environments theoretically, but also to test 

them in a real-world application context and reflect on them critically. The work is based on an 

interdisciplinary approach that combines didactic, psychological and ecological perspectives. 

 

2.1 Project structure and process 

The study was carried out over several phases: 

1. Conceptual phase  

The first phase defined the main content and didactic goals. The idea was to make 

sustainability topics such as mobility, consumer behaviour and resource use tangible 

in a virtual learning environment. At the same time, initial literature research was 

conducted on immersive learning settings, sustainability didactics and ecological 

assessment approaches. 

2. Development and design phase  

Based on the researched models and defined objectives, several thematic VR stations 

were designed in a team effort. A storyboard with learning objectives, time structure 

and interaction logic was developed for each station. The technical implementation was 

carried out with the help of the RAUM platform, with attention paid to realistic, low-

threshold user guidance. The scenarios were designed didactically to promote 

cognitive activation, decision-making behaviour and reflection. 

3. Test phase with users  

The VR stations developed were tested by students in an initial exploratory test round. 

The aim was to gain initial impressions of the usability, comprehensibility and 

effectiveness of the learning scenarios. A standardised questionnaire based on the 

CAMIL model (Makransky & Petersen, 2021) was used to obtain structured feedback. 

This allows for a differentiated assessment of cognitive load, emotional involvement 

and motivational effects when using immersive media. 

4. Documentation and qualitative reflection  

All prototypes and stations were documented (storyboard, schedule, synopsis) in order 

to present the didactic decisions and technical implementations in a comprehensible 

manner. At the same time, the feedback from the test phase was summarised 

qualitatively in order to derive potential for optimisation. 

5. Theoretical and analytical deepening  

Building on practical experience, the written paper provides an in-depth analysis of the 
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technology used from an environmental perspective. Circular design approaches and 

CO₂ accounting standards (Greenhouse Gas Protocol) are used for this purpose. The 

role of VR/AR technology in higher education in the context of the Sustainable 

Development Goals is also reflected upon. 

 

2.2 Methodology 

Overall, this results in a methodological triangulation of: 

• Conceptual-didactic design research:  

Development of a realistic prototype based on didactic models. 

• Empirical survey:  

Use of the CAMIL-based questionnaire to evaluate the user experience. 

• Theory-driven analysis:  

Reflection on ecological, social and learning psychology factors based on scientific 

literature. 

 

This multi-stage approach allows for a holistic view of VR-based learning arrangements and 

lays the foundation for well-founded recommendations for action in further evaluation and 

discussion. 

 

First, the following chapter examines the ecological framework conditions of higher education 

and its carbon footprint, with a particular focus on the influence of digital teaching formats. 

Building on this, Chapter 5 is dedicated to the ecological assessment of VR/AR technologies, 

in particular using the cradle-to-cradle approach. Chapter 6 then analyses the didactic and 

psychological factors that influence immersive learning environments. The following two 

chapters highlight the current status and strategic potential of the use of VR/AR in higher 

education. Chapter 9 summarises the results and formulates practical recommendations for 

action. 
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3 The carbon footprint of universities and how remote 

lectures are changing this footprint 

Universities play a central role in the social shift towards greater sustainability. As places of 

education, research and innovation, they not only contribute to solving ecological challenges, 

but also have a responsibility to reduce their own ecological footprint. Their operations in 

particular cause significant amounts of greenhouse gas emissions. The ongoing digitalisation 

of university teaching, particularly through the introduction and spread of remote lectures, 

represents a significant development in this context. It not only changes the way knowledge is 

imparted, but also has the potential to significantly influence the carbon footprint of universities. 

 

The emissions generated by university operations can be divided into three categories 

according to the internationally recognised Greenhouse Gas Protocol: Scope 1 covers all direct 

emissions, such as those from heating systems or the vehicle fleet; Scope 2 covers indirect 

emissions resulting from the use of purchased energy such as electricity or district heating; 

Finally, Scope 3 refers to other indirect emissions, including in particular commuting by 

students and staff, business travel, the procurement of materials and third-party services. In 

Germany, several universities and research institutions are working on the systematic 

recording of their carbon footprints. For example, a project by HIS-HE GmbH has developed 

a standard that makes it easier to create comparable emissions inventories. The example of 

the University of Greifswald clearly illustrates the magnitude of such emissions: in 2011, the 

university's CO₂ emissions amounted to around 8,985 tonnes, almost half of which was caused 

by electricity consumption alone. This underlines the great importance of energy supply for 

reducing emissions. 

 

Commuting is a particularly relevant factor for the carbon footprint. In traditional classroom-

based teaching formats, students and teachers sometimes travel long distances to participate 

in university activities. Remote lectures offer considerable savings potential here, as they 

greatly reduce the need for mobility. Studies show that 

 

Even for short journeys of just a few kilometres, the use of video conferencing systems is more 

climate-friendly than physically travelling to the university. The comparison between business 

travel and digital formats is particularly striking: two people travelling by train from Stuttgart to 

Berlin together generate around 65 kilograms of CO₂, while a four-hour video conference with 

four participants generates only about one kilogram of CO₂. 

 

However, digital infrastructure also consumes a certain amount of energy. The use of data 

centres, data transmission and end devices also cause emissions, the extent of which depends 
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heavily on the type of power generation. According to a study by the German Federal 

Environment Agency, participating in a one-hour video conference with a laptop causes around 

55 grams of CO₂ equivalents. This amount is roughly equivalent to the emissions from a 260-

metre car journey. The type of internet connection plays a decisive role here: while data 

transmission via fibre optic cables is comparatively low in emissions, mobile phone technology 

such as UMTS causes up to 45 times higher emissions. 

 

User behaviour has a significant impact on digital emissions. For example, deactivating the 

video image during a conference can drastically reduce CO₂ emissions. Calculations show 

that 15 hours of video conferencing per week with video enabled causes around 9.4 kilograms 

of CO₂ per month, while this figure is reduced to just 0.38 kilograms with video disabled. This 

clearly shows that the ecological footprint of digital teaching depends not only on technical 

factors, but also on behavioural factors. 

 

As digitalisation progresses, the technical possibilities for teaching and learning are constantly 

expanding. One particularly innovative area is the use of virtual and augmented reality. These 

technologies create immersive and interactive learning scenarios that can supplement or 

replace traditional online formats. At Karlsruhe University of Applied Sciences, for example, a 

fully virtual lecture hall has been developed in which students can participate in courses using 

VR glasses and interact with materials, lecturers and fellow students in a simulated 

environment. 

 

However, the use of such technologies is ambivalent from a carbon footprint perspective. On 

the one hand, they eliminate the need for travel and other infrastructural requirements of 

traditional face-to-face courses. On the other hand, VR-supported formats require powerful 

hardware, large amounts of data and higher bandwidths. Electricity consumption increases 

accordingly, and the production of the necessary end devices is also CO₂-intensive. This is 

particularly true when devices need to be replaced frequently or require a high degree of 

specialisation. The additional resource requirements can partially or even completely offset the 

savings achieved by avoiding mobility. 

 

Whether remote teaching actually contributes to a reduction in greenhouse gas emissions in 

the overall balance therefore depends heavily on the respective context. The benefits are 

particularly evident in regions with poor public transport infrastructure, long commutes or a 

high proportion of private transport. The energy efficiency of the end devices used also has a 

significant impact on the balance. Mobile devices with low power consumption and optimised 

architecture perform significantly better than stationary high-performance devices. At the same 
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time, there is a risk that hybrid teaching formats will not lead to a reduction but rather to a 

multiplication of emission sources if, for example, a lecture hall has to be operated at the same 

time as a digital transmission system is provided. The power requirements of data centres can 

also be a challenge, especially if a supply of green electricity cannot be guaranteed. The choice 

of transmission technology – for example, fibre optics instead of mobile communications – can 

also be decisive. 

 

VR and AR technologies in particular are a double-edged sword in this context. Their 

immersive effect promises new didactic possibilities, especially in the natural sciences, 

medicine and engineering. At the same time, technical requirements and thus resource 

requirements are increasing. The long-term strategy of universities will therefore be decisive 

in determining whether the use of such technologies can make a sustainable contribution. 

Important aspects include the use of durable and energy-efficient hardware, covering electricity 

requirements from renewable sources, and energy and the systematic reduction of mobility 

and building costs through digitalised teaching formats. 

 

Under favourable conditions, the switch to remote lectures can thus make a substantial 

contribution to reducing CO₂ emissions. The greatest leverage clearly lies in avoiding 

commutes and business trips, which account for a significant proportion of Scope 3 emissions. 

Nevertheless, digitalisation also brings with it new sources of emissions, the extent of which 

depends heavily on technical decisions and usage behaviour. Technologies such as VR and 

AR in particular must be critically examined in terms of their educational added value and 

ecological impact. To ensure that the digitalisation of university teaching not only brings 

efficiency and innovation gains but also contributes to sustainable transformation, a 

comprehensive strategy is needed that integrates energy efficiency, life cycle analyses and 

the consistent use of green electricity. In this way, universities can act not only as places of 

education but also as role models for climate-conscious digital change. 

 

The question of the ecological impact of digital teaching also raises new challenges in terms 

of didactic quality. While there is clear potential from a carbon footprint perspective, it remains 

to be seen whether digital formats can match or even surpass traditional face-to-face formats 

in terms of learning success. A differentiated assessment of online and face-to-face teaching, 

particularly taking into account learning outcomes and social interaction, is therefore the next 

logical step on the path to sustainable and future-proof higher education. 
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4 Teaching formats 

4.1 Face-to-face vs. online lectures 

The debate surrounding the effectiveness of different learning formats has gained considerable 

depth in recent years and is increasingly supported by empirically based findings. Numerous 

studies  show that learning success is not primarily determined by the chosen teaching format, 

but depends to a large extent on the didactic quality of the implementation and individual 

learning prerequisites. There is broad consensus in the scientific community that no particular 

format is generally superior, but rather that learning success is highly context-dependent. 

 

This varies depending on the subject discipline, cognitive objectives and the socio-

demographic and learning psychology characteristics of the respective target group. 

Digital learning formats – especially in online mode – are characterised by a high degree of 

temporal and spatial flexibility. They are particularly suitable for self-organised, digitally savvy 

learners and enable individualised control of the learning process through adaptive systems. 

In addition, they offer economic advantages in terms of scalability and accessibility for 

educationally disadvantaged or mobility-impaired groups. Nevertheless, there are didactic and 

structural limitations: observations have identified critical factors such as increased dropout 

rates, a lack of social cohesion and a pronounced dependence on technical infrastructure and 

media literacy. 

 

In contrast, face-to-face formats offer significant advantages in terms of social integration, 

cooperative knowledge construction and immediate feedback from teachers. They promote 

the development of interpersonal skills (e.g. teamwork, conflict resolution, rhetoric) and, 

through physical presence, create a greater sense of identification with the learning situation. 

Limitations arise in particular with regard to reduced flexibility and comparatively high 

institutional cost structures, which means that face-to-face teaching is only suitable to a limited 

extent for certain target groups, such as part-time students or people with care responsibilities. 

 

From a pedagogical perspective, online formats imply profound transformations in the 

distribution of roles, methodology and exam design. They require teachers not only to have 

digital expertise, but also a high degree of creative competence in preparation. Face-to-face 

teaching, on the other hand, allows for a higher degree of didactic adaptability and 

methodological diversity in the immediate interaction space. From a social-psychological 

perspective, online learning promotes individual autonomy but carries the risk of social 

isolation. Face-to-face formats, on the other hand, have a stabilising, socially integrating and 

motivational effect and are easier to control, but also require more space, personnel and 
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logistics. Institutionally, digital teaching offerings require investment in technical infrastructure, 

support systems and new governance structures. These are necessary to address key aspects 

such as quality assurance, distribution of responsibility, data protection-compliant use of  

 
 

learning platforms and new role profiles, such as e-tutors, must be strategically managed. In 

contrast to face-to-face formats, which often operate within established processes and 

responsibilities, digital teaching requires university-wide coordination, clear policies and 

participatory management models to ensure sustainability and acceptance 

. 

In summary, it can be said that the choice of teaching format should not be made on a normative 

basis, but must be based on an evidence-based fit between objectives, resource constellation and 

learner requirements. Learning success in online and on-site formats depends crucially on the 

didactic quality, the institutional framework conditions and the individual prerequisites of the 

learners. Hybrid models that combine both worlds show the highest potential for sustainable 

educational success in current research. Future educational strategies should therefore not 

polarise between "online" and "in-person" but should promote differentiated learning scenarios that 

combine target group orientation, flexibility and quality. 

 

4.2 Combining strengths 

In this context, the use of immersive technologies such as VR is increasingly becoming the 

focus of university didactics. VR-based teaching/learning formats promise an integrative 

combination of the strengths of both classic formats: They enable a high level of immersion 

and presence perception within virtual spaces, allowing social interactions, collaborative 

knowledge processes and immediate feedback to be technically simulated and didactically 

controlled. At the same time, the advantages of digital formats in terms of location 

independence, scalability and time flexibility are retained. 

 

From a didactic perspective, VR opens up the possibility of designing action-oriented, 

multisensory learning scenarios that promote intensive cognitive and affective participation – 

especially in areas where complex, abstract or risky content is taught. Its immersive nature 

can promote learning motivation and understanding, making VR particularly suitable for 

contextual and experience-based learning objectives. 

 

In addition, VR can compensate for certain weaknesses of traditional formats: for example, 

social isolation in online learning can be reduced through virtual group rooms, while 

institutional challenges of face-to-face teaching – such as room availability or high 
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infrastructure costs – can be mitigated through virtual settings. Simulation-based and 

interactive formats also open up new didactic possibilities in exam design.  

 

However, VR-based learning formats are subject to certain conditions: technical equipment, 

usability, media literacy and infrastructural requirements have a significant influence on 

implementation and effectiveness. Here, too, didactic quality remains the decisive factor for 

success. Unreflective technological euphoria without pedagogical embedding carries the risk 

of inefficient learning processes or technical exclusion mechanisms. 

 

Overall, it can be said that VR is a promising bridge technology that combines the advantages 

of face-to-face and online formats while opening up new potential. However, its integration 

should be strategically planned, didactically justified and institutionally supported. In this way, 

VR can become a central building block of future, sustainable educational landscapes – not as 

a replacement, but as a supplement in the sense of differentiated, adaptive teaching and 

learning. 
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5 The carbon footprint of VR/AR technology in teaching 

5.1 Sustainability aspects and ecological considerations 

The question of the effectiveness of digital learning formats was examined in the previous 

chapter primarily from a didactic and learning psychology perspective. With immersive 

technologies such as VR/AR, the focus is now shifting to a form of digital teaching that goes 

beyond traditional online formats and opens up new didactic possibilities through interactivity, 

spatial presence and multisensory stimuli. VR/AR applications have been growing in 

importance for several years, especially in higher education. They are considered pioneering 

tools for designing individualised, motivating and practical learning scenarios. They are thus 

exemplary of the pressure to innovate that academic education is facing. At the same time, 

their use brings with it a variety of ecological challenges that must be systematically 

considered. These include aspects such as material composition, energy consumption during 

use, manufacturing and disposal processes, and compliance with circular design principles 

and ecological standards. 

 

A promising approach to assessing these issues is the cradle-to-cradle (C2C) concept which 

moves away from linear recycling chains and instead calls for the complete return of resources 

to biological or technical cycles. 

 

For VR/AR, this means that it is not enough to simply minimise CO₂ emissions from electricity 

consumption. Criteria such as material composition, repairability, modularity, energy efficiency 

and software updateability are also relevant. However, initial analyses of repairability (e.g. by 

show that many headsets, especially consumer devices such as the Meta Quest, are difficult 

to maintain or recycle in practice. This contradicts comprehensive sustainable lifecycle 

management. 

 

These ecological issues cannot be viewed in isolation from practical findings from university 

practice. One of the most comprehensive studies currently available is the FMplus Spotlight 

Paper by Bartels & Wills (Bartels & Wills 2025). Here, immersive technologies such as VR, AR 

and the metaverse were used in various university courses and systematically evaluated. The 

results show clear didactic potential, for example in the acquisition of technical skills or in 

motivating learners. At the same time, the data also reveal concerns on the part of students 

with regard to data protection, technical equipment and ecological impacts. The authors 

recommend closer cooperation between universities and industry in order to establish 

ecological standards as early as the development phase of devices. This requirement is 
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particularly important in view of SDG 12 (sustainable consumption) and SDG 13 (climate 

action). 

 

There are further references in the context of the Sustainable Development Goals (SDGs): 

VR/AR can contribute to achieving SDG 4 (quality education) if implemented responsibly, by 

enabling individualised and collaborative learning. At the same time, the digitisation of learning 

processes offers the opportunity to reduce physical mobility (e.g. commuting to classes) and 

thus lower CO₂ emissions. This represents a direct contribution to SDG 13. 

 

One aspect that has been neglected so far is the actual sustainability certification of VR 

hardware. On platforms such as EPEAT.net, which classify devices according to 

environmental criteria, common VR systems are hardly represented at all. This is a clear failure 

on the part of manufacturers, but also on the part of public educational institutions, which have 

so far exerted little pressure for ecological standards in IT procurement. However, this would 

be a ley lever for closing the gap between technical innovation and ecological responsibility 

 

5.2 Risks and limitations of the cradle-to-cradle approach in the 

context of VR/AR technology 
Although the cradle-to-cradle approach is a promising concept for sustainable product design, 

applying this method to VR/AR hardware presents considerable challenges. A key problem is 

the use of complex material combinations in VR devices, which make it difficult to separate 

materials by type and thus recycle them. In particular, the integration of sensors, displays and 

batteries into compact housings leads to products that are difficult to dismantle, which 

represents a clear conflict of objectives between technical performance and ecological 

traceability. This is in direct conflict with the need highlighted in previous chapters to improve 

the service life and recyclability of hardware as part of the carbon footprint in Scope 3. 

 

Another limiting factor is the lack of transparency in global supply chains. The C2C approach 

requires that the origin, composition and recyclability of all components be fully traceable. This 

requirement is currently almost impossible to meet, particularly in the electronics sector with 

its international manufacturing and supply chains. This also makes it difficult to calculate 

emissions systematically. In addition, analysis of the carbon footprint of universities shows that 

the shift to the digital space can make an important contribution to reducing emissions. This is 

particularly due to the elimination of commuter traffic and reduced building operations. 

However, emissions from the manufacture, use and disposal of digital infrastructure must also 

be taken into account in order to avoid rebound effects and achieve a truly sustainable overall 

balance. 
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There is also the risk of so-called "greenwashing" through environmental certificates without 

reliable take-back structures. Manufacturers are increasingly advertising with "green" labels 

that do not guarantee genuine recycling. Particularly in the fast-moving consumer VR market, 

it is unclear whether devices are recycled in an environmentally friendly manner at the end of 

their service life. This counteracts the positive effects described in the chapter on commuting 

avoidance through virtual teaching formats have shown – because ecological savings 

achieved through digital teaching can be negated by hardware waste. 

 

Furthermore, many universities lack the basic infrastructure requirements for sustainable 

procurement and return of technology. Repair workshops, life cycle analyses or criteria 

catalogues for ecological IT equipment are rarely established. Even when sustainable devices 

are available, there is often a lack of institutional integration to ensure their effective and long-

term use. This shows that technological innovations, as discussed in section 5.1 on virtual 

teaching, only have an impact on the climate if they are accompanied by systemic measures. 

 

Last but not least, the energy consumption of recycling processes should also be critically 

evaluated. Although the C2C approach promises a closed system, many recycling processes, 

especially for complex components such as displays or lithium batteries, require considerable 

amounts of electricity, water or chemicals. If these emissions are not offset by long-term use 

and compensatory savings in teaching (e.g. avoiding space or travel), the sustainability gains 

are significantly reduced. 

 

Overall, it is clear that the cradle-to-cradle approach can only be effective in a university context 

if technological, structural and ecological requirements are specifically coordinated. As a 

supplement to didactically strong digital learning formats, it is a strategic building block – but it 

can only reach its full potential in conjunction with infrastructure, user behaviour and 

procurement strategy. 

 

5.3 Energy consumption and operational sustainability of VR 

applications 
In addition to material aspects and life cycle issues, the runtime-related energy consumption 

of VR applications is increasingly becoming the focus of ecological assessments. Compared 

to traditional digital teaching media, the power consumption of VR hardware is considerably 

higher – both for user devices such as headsets and high-performance GPUs, and at the 

infrastructure level due to servers, networks and data processing. 
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According to an analysis by Mills15, a typical PC-based VR setup consumes between 400 and 

600 watts per hour when in active use, while traditional video conferencing setups consume 

only require approximately 50–100 watts. In order to ensure comparability with the CO₂ 

balances presented in Chapter 2, emissions are also calculated here on an annual basis per 

student. The underlying assumption is that a student uses VR applications in the context of 

courses for an average of two hours per week over 15 weeks per semester, i.e. approximately 

30 hours per year. This results in additional electricity consumption of approximately 12–18 

kWh per student per year, which corresponds to approximately 5–8 kg of CO₂ equivalents, 

depending on the electricity mix. 

 

For a sample cohort of 800 students, this additional demand amounts to 9.6–14.4 MWh per 

year, which translates to approximately 4–6 tonnes of CO₂ emissions. It should be noted that 

not all courses will necessarily switch to VR technology. Actual usage depends heavily on the 

degree programme, curriculum planning and the didactic application scenario. A differentiated 

risk analysis should therefore model various usage scenarios, ranging from minimal pilot 

projects to comprehensive integration into practice-oriented degree programmes such as 

medicine, architecture or engineering. 

 

In order to realistically assess these emission effects, a differentiated risk analysis is required. 

This takes into account the fact that actual VR use varies greatly between degree programmes 

and subject areas. Degree programmes with a high practical component are likely to integrate 

VR-based learning scenarios more intensively than other disciplines. At the same time, there 

is a risk that energy savings from reduced commuting or building operation will be offset or 

even exceeded by increased energy consumption in the operation of the digital infrastructure 

(rebound effect). Strategically, universities can counter such risks by planning the use of VR 

technologies in a targeted manner and limiting them to clearly defined didactic scenarios. A 

systematic needs analysis for each degree programme, the selection of energy-efficient 

hardware, the integration of energy monitoring systems and the promotion of conscious use of 

digital resources in teaching are central components of a sustainable digital strategy. 

 

These considerations illustrate that digital sustainability not only encompasses issues relating 

to hardware production but must also address operational efficiency. Potential savings can be 

achieved here, for example, by using newer standalone headsets with significantly lower power 

consumption of around 10–15 watts. Even though this often goes hand in hand with reduced 

graphic quality, it can save up to 80% energy compared to classic PC-based solutions (16) In 

addition, outsourcing computing-intensive processes to more energy-efficient server 

infrastructures, for example through edge and cloud rendering solutions such as Nvidia CloudXR, 
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can significantly reduce the end user's power consumption. Studies point to potential savings of up 

to 60% with a comparable user experience. 

 

In the long term, universities can only meet rising energy demands if digital transformation 

strategies explicitly take energy impacts into account. This includes the introduction of green IT 

initiatives, the use of CO₂ compensation models, and the development of internal energy 

monitoring systems specifically tailored to VR rooms and digital infrastructures. 

 

5.4 Conclusion and strategic implications 

The previous sections have shown that ecological sustainability in higher education goes far 

beyond the mere imparting of content. A VR-based teaching/learning arrangement that is to meet 

this requirement must therefore not only be designed in a didactically sound manner, but also 

planned and operated in a materially, technically and infrastructurally responsible manner. 

 

The analysis has made it clear that sustainability in this context encompasses several dimensions. 

On the one hand, it requires consideration of material and life cycle aspects, as addressed by the 

cradle-to-cradle approach. Modular, repairable and durable hardware becomes an integral part of 

a sustainable infrastructure. On the other hand, energy consumption during use is becoming more 

of a focus: VR applications consume significantly more electricity than traditional digital teaching 

media. This burden can partially offset or even overcompensate for the ecological advantages of 

digital teaching, such as avoided commuting and reduced building operations. 

 

This highlights the need for a broader understanding of sustainability. Universities must combine 

technical design, energy-efficient operation and strategic infrastructure planning. Measures such 

as the targeted use of energy-efficient stand-alone systems, the use of edge and cloud rendering 

solutions, or the introduction of energy monitoring systems can contribute to this. However, such 

approaches also require a differentiated needs analysis for each degree programme and a realistic 

assessment of usage scenarios, and careful consideration of costs, benefits, and environmental 

impacts. 

 

Overall, it is clear that sustainability in VR teaching/learning arrangements cannot be understood 

as a static requirement. It must be designed as an ongoing design and evaluation process that 

continuously balances ecological responsibility, technical feasibility and didactic quality. 

Universities that take this requirement seriously can not only create innovative learning 

environments, but also serve as role models for a sustainable, responsible digital education 

strategy. 
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6 Effects of VR/AR on humans 

6.1 Psychological effects 

Virtual reality creates an intense sense of presence, i.e. the subjective experience of actually being 

in the virtual world. Immersive VR environments overlay physical reality and allow the brain to 

perceive a seemingly real environment. Studies show that the higher the degree of technical 

immersion, the stronger this feeling is. Headsets with panoramic vision and motion detection are 

one example of this. In an experiment with students, a fully immersive learning environment led to 

a significantly higher sense of presence and a better emotional state. The phrase "more positive 

affect" can be more accurately described here as "better mood" or "positive emotional effect." 

Lønne and Karlsen also report that participants in a VR environment experienced more joy and 

engagement than in front of a conventional screen. 

 

These motivating and positive emotions make VR a promising medium. However, they also harbour 

risks. When virtual scenarios are associated with threats or stress, they can trigger real fear 

responses. Wilczyńska et al. show that negatively designed VR experiences can lead to severe 

emotional stress. 

 

Another aspect is the risk that the boundary between the real and virtual worlds will become 

increasingly blurred. Studies show that physiological responses, such as EEG patterns, are virtually 

indistinguishable in VR and real environments. 

 

In addition, there is a risk of VR-specific addiction. Similar to social media or short video platforms 

such as TikTok or Instagram Reels, VR can also create an intense stimulus that leads to repeated 

and sometimes excessive use. This can impair interest in real-life activities, especially among 

young people who escape into immersive virtual worlds. To prevent this, preventive measures and 

media literacy training should be introduced at an early stage. 

 

6.2 Social impact 

Virtual reality also influences social experiences. On the one hand, social VR platforms and 

multiplayer environments are giving rise to new forms of digital interaction. Young adults in 

particular use these platforms to socialise with friends in virtual spaces. During the COVID-19 

pandemic, it became clear that regular social interaction in VR can reduce feelings of loneliness. 

Kenyon et al. found that people who regularly interacted with familiar contacts in social VR 

environments showed significantly lower symptoms of loneliness and anxiety. 
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In addition, social skills can be specifically promoted through VR, for example by taking on different 

perspectives in simulation-based role-playing games. Kramer points out that users can develop 

empathy by experiencing a different perspective, such as that of a disadvantaged person. 

 

At the same time, there is a risk of social withdrawal mechanisms. Introverted people or those with 

low self-esteem in particular may retreat more strongly into virtual worlds. Lee et al. show that 

excessive social contact in VR can be associated with increased depressive symptoms in 

vulnerable groups. 

 

6.3 Health effects 

Intensive VR use can cause physical symptoms such as nausea, dizziness or headaches. This so-

called cybersickness is caused by conflicting sensory impressions, for example when the eyes 

perceive movement but the sense of balance does not register any physical acceleration. 

Depending on the application and individual sensitivity, between 20% and 80% of users are 

affected. The first symptoms often appear after about ten up to fifteen minutes, especially with jerky 

images or fast movements. 

 

In addition, visual strain has been documented, which is also referred to in specialist literature as 

strain on the eye muscles. These complaints arise from focusing on a nearby display while 

simultaneously viewing depth (vergence-accommodation conflict). Typical symptoms include 

blurred vision, headaches or impaired hand-eye coordination. These effects are usually temporary 

but should be taken seriously in safety-critical applications. 

 

Further risks arise from physical movement in VR without visibility of the real environment, for 

example from tripping or bumping into things. For this reason, beginners in particular should only 

use VR in safe areas and under supervision. 

 

Long-term effects such as a possible increase in myopia or changes in the vestibular system have 

not yet been thoroughly researched. Animal studies suggest neurophysiological changes, but 

reliable data on chronic effects in humans are not yet available. It is recommended to take breaks 

and adjust VR settings individually to minimise health risks. 
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6.4 Cognitive effects 

VR can promote spatial thinking and problem-solving skills, especially through interactive and 

three-dimensional content. Studies have shown that learners can improve their mental rotation and 

visualisation skills through regular training in virtual environments. 

 

A transfer to real-life situations has also been observed. For example, better performance in 

practical tests was demonstrated after VR simulations.At the same time, the high density of stimuli 

in VR can lead to cognitive overload. Especially in complex or poorly structured scenarios, the 

simultaneous processing of sensory impressions and navigation overload working memory. Sari et 

al. report that excessive cognitive load in VR can impair learning outcomes. 

 

In addition, perception and navigation strategies change in VR. While kinesthetic cues help in real 

environments, users in VR rely more on visual landmarks for orientation. Further research is 

needed to understand whether VR influences or restricts such strategies in the long term. 

 

6.5 Learning-related effects 

Numerous studies show that immersive learning with VR can lead to better results than traditional 

methods, especially in STEM subjects. 

 

VR can be used to safely simulate real-life conditions, especially for complex or dangerous content 

such as in medicine or mechanical engineering. A common advantage is the increased motivation 

and concentration achieved through interactive elements. Betts et al. show that VR strengthens 

active learning, increases enjoyment of learning and enables more sustainable learning success. 

 

At the same time, didactically sound concepts are needed. It is not the most visually appealing VR 

application that determines learning success, but its targeted use in the classroom. Without 

pedagogical integration, even high-quality technology can fail to have the desired effect. 

 

Individual differences must also be taken into account. While visually and spatially oriented learners 

benefit greatly, others find it easier to process structured text-based information. A mix of methods, 

for example combining VR and traditional learning formats, is therefore often most effective. 
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6.6 Overview: The effect of virtual reality on the body, mind and 

learning 

Virtual reality affects people in many ways: psychologically, socially, health-wise, cognitively and 

in terms of learning. Immersive technology can increase motivation, emotion and enjoyment of 

learning. At the same time, it carries risks such as overload, nausea or escapism. Young users in 

particular should be made aware that VR should not be used excessively, but consciously and 

reflectively. 

VR is neither universally harmful nor universally beneficial. Its effect depends heavily on its 

application, duration and design. In teaching, it is a relevant tool that should be used in a didactically 

thoughtful manner. The aim is to exploit its potential without losing sight of the challenges. 
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7 Expanded perspectives – C2C approach in the higher 

education context 

The cradle-to-cradle (C2C) approach offers a comprehensive framework for going beyond 

traditional lifecycle considerations and developing sustainable strategies for the use of VR/AR 

technologies in higher education. Building on the strategic and organisational requirements outlined 

in Chapter 6, C2C opens up additional design options that combine environmental responsibility, 

technical infrastructure and institutional planning. 

 

A key principle here is "design for disassembly": products should be designed in such a way that, 

after use, they can be easily dismantled into individual parts and reused in a high-quality manner – 

without costly separation or material loss. Especially in the case of VR headsets, which consist of 

complex components such as displays, sensors and energy storage devices, a modular design 

creates the basis for longer life cycles, easier maintenance and resource-efficient use in the spirit 

of a circular economy. 

 

This technical dimension is complemented by user-centred product design. Studies show that 

portable, intuitive devices are used for longer and are therefore more environmentally effective. 

This perspective is particularly relevant in a university context, as VR/AR systems are used over 

several semesters and in different courses of study, such as medicine or architecture. Reusability 

and ease of maintenance are decisive factors for a sustainable infrastructure in this context. 

 

New approaches to circular use are also emerging on the software side. Digital twins combined 

with IoT systems enable preventive maintenance and predictive repairs through the analysis of 

real-time data. In higher education, where devices often change hands between different users, 

this offers considerable added value in terms of resource conservation, operational efficiency and 

hardware lifespan. 

 

Furthermore, advances in materials science are fuelling the debate. Bio-based plastics, recyclable 

composites and biodegradable components – as already used in pilot projects for "green 

electronics" – show that sustainable hardware is also technically feasible for VR/AR applications. 

 

Last but not least, new business models such as "product-as-a-service" are gaining in importance. 

In future, universities will be able to lease VR hardware instead of buying it, which will make return, 

recycling and scaling much more efficient. Such models not only offer economic advantages but 

also strengthen institutional resilience to rapid innovation cycles and facilitate sustainable 

procurement and usage policies. 

 

These broader perspectives make it clear that the cradle-to-cradle approach goes beyond a purely 

environmental concept. It becomes a connecting element between technological innovation, 
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didactic application and strategic university development. By integrating C2C-oriented approaches 

into their digital strategies, universities can not only improve environmental standards, but also 

build a sustainable, future-proof educational infrastructure in the long term. 
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8 Possibility of applying VR/AR in universities 

In the preceding chapters of this paper, key insights into the use of immersive technologies in 

a higher education context were gained from different disciplinary perspectives. The focus has 

always been on the question of the extent to which virtual reality (VR) and augmented reality 

(AR) can be regarded not only as technical innovations, but also as structurally and didactically 

relevant components of future educational landscapes. Based on these considerations, the 

following chapter summarises the analyses to date, consolidates the key findings and 

examines their practical applicability at universities. 

 

8.1 VR/AR in the context of future higher education 

Chapter 4 dealt in detail with the ongoing digitalisation of academic education and its effects. 

This development is bringing about fundamental changes in how teaching is planned, delivered 

and experienced. As a result, higher education institutions are facing not only technical 

challenges, but also didactic and institutional restructuring, in which immersive media can play 

an important role. The development of technologies such as virtual and augmented reality is 

opening up innovative learning environments that are characterised by a high degree of 

interactivity, immersion and experiential proximity. 

 

These characteristics make VR/AR particularly suitable for the development of future-oriented 

learning processes. They open up the possibility of presenting abstract or difficult-to-

communicate content in a way that is not only vivid but also tangible. Through exploration, 

action and multi-sensory feedback, students are given the opportunity to understand complex 

relationships. Chapter 4 dealt with the effects on motivation, self-efficacy and cognitive 

activation. These can now be applied in concrete terms in the context of everyday institutional 

education. Through the targeted use of immersive media, higher education of the future can 

focus more strongly on experience-based, adaptive and individualised learning scenarios. 

 

8.2 Potential of future VR/AR applications in higher education 

There are numerous specific applications for immersive technologies in higher education, 

which have been examined in various parts of this paper, particularly in Chapter 5. The 

potential of VR/AR to create simulation-based teaching formats that go beyond the limits of 

conventional teaching methods is particularly noteworthy. For example, students have the 

opportunity to experience surgical procedures, technical processes or scientific experiments 

in realistic scenarios safely and interactively. 
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Even in subjects where spatial thinking, process understanding or systemic thinking are of 

central importance, the immersive visualisation of abstract content enables a deeper 

understanding of the subject matter. In addition, virtual group work or joint explorations of 

digital learning spaces offer the opportunity to promote collaborative skills and try out new 

forms of interaction. These didactic potentials are directly related to the requirements of 

university teaching, which must be increasingly interdisciplinary, practical and flexible. 

 

Another advantage is the possibility of adaptively tailoring VR/AR to different target groups and 

learning requirements. This offers prospects for more inclusive and accessible education, as 

called for in Chapter 6 with regard to social justice and educational participation. 

 

8.3 Didactic, ethical and infrastructural challenges 

Despite the promising potential of immersive technologies, the challenges associated with 

them must not be ignored. Chapter 6 comprehensively addressed the ethical, social and 

technical dimensions of digital teaching; these are also particularly relevant for the use of 

VR/AR. The use of personal data, such as that generated by motion analysis or individualised 

learning processes, therefore raises questions about data protection and about informational   

self-determination. 

 

In addition, the didactic integration of immersive media requires not only technical expertise, 

but also a profound understanding of design-oriented pedagogy. Teachers should develop the 

ability not only to use immersive learning environments technically, but also to design them 

conceptually. This requires further training opportunities, technical assistance and institutional 

support. 

 

Another point concerns the infrastructural requirements: universities need a stable digital 

infrastructure, compatible end devices, maintenance strategies and long-term system 

integration concepts. These factors pose logistical and financial challenges that must be 

integrated into the overall strategy of educational institutions in order to enable sustainable 

innovation. 

 

8.4 Outlook and strategic recommendations 

The findings to date suggest that VR/AR should not be viewed as a technical add-on, but rather 

as a potentially integral component of a forward-looking university teaching. However, it is 

essential that immersive technologies are not used in isolation, but as part of didactic concepts, 
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institutional processes and educational policy strategies. Teaching can be enriched through 

strategically sound use, and new forms of competence development can emerge. 

 

It is therefore essential that universities create comprehensive framework conditions for the 

use of immersive technologies in accordance with the recommendations in Chapter 7. These 

include the development of university-wide digital strategies, targeted support for pilot projects, 

evidence-based evaluation of didactic impact, and integration into curricula and examination 

regulations. 

In addition, exchange with other educational institutions, industry and research should be 

intensified in order to pool experience and jointly develop standards for responsible 

implementation. VR/AR can only become an integral part of successful higher education if 

technological innovation, didactic quality and institutional sustainability are taken into account 

together. 
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9 EFEU pilot VR/AR application in higher education 

institutions 

9.1 Conceptual framework 

This VR-based teaching/learning arrangement builds on the objective described in the 

introduction of promoting sustainability skills in a higher education context. This chapter 

focuses on the conceptual approach, which is intended to ensure sound, didactically and 

technically consistent implementation. 

 

The central idea was not to convey complex sustainability topics such as carbon footprints, 

resource conservation or circular economy in an abstract way, but to translate them into 

immersive, interactive scenarios. By embedding them in a clearly structured learning 

environment, students are encouraged to develop systemic thinking and reflect on their own 

decision-making behaviour. 

 

The concept was based on the CAMIL framework (Makransky & Petersen, 2021), which 

defines specific requirements for immersive learning environments and takes into account 

motivation, self-efficacy, cognitive load and embodiment. Emphasis was also placed on 

ecological assessment approaches: the cradle-to-cradle concept and the Greenhouse Gas 

Protocol form the basis for critically reflecting on the ecological impact of the technology used 

and thus also for thinking about digital infrastructure in a sustainable way. 

 

Through this methodological and didactic framework, the arrangement is intended not only to 

convey knowledge, but also to serve as a consistent example of how education itself can 

become a sustainable practice. The immersive design, combined with periods of reflection, 

aims to anchor content in a lasting way and promote a critical, responsible attitude among 

learners. 

 

9.2 Didactic and technical implementation 

The didactic and technical planning of this VR-based teaching/learning arrangement follows a 

deliberately structured approach, which enables a consistent, comparable and transparent 

learning environment. Immersive media are not used as an isolated tool but are methodically 

embedded to support specific learning objectives. 

 

A key instrument is the development of detailed storyboards for each station. These serve not 

only to structure the content, but also to coordinate the didactic approach. They define 

orientation, information and processing phases as well as clear learning objectives, methods 
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and media. This planning approach ensures a consistent didactic line across all topics and 

enables comparability with other VR-based teaching/learning arrangements in Germany and 

Europe, which increasingly use the CAMIL framework as a common basis for evaluation. The 

CAMIL model itself describes key didactic principles for immersive learning environments such 

as motivation, agency, cognitive offloading and embodiment, and is used in current studies as 

a standard for analysing and optimising such settings. 

 

Onboarding is also designed as an integral part of the concept. A guided introduction ensures 

that technical barriers to entry are minimised and that users become familiar with the 

interaction options at an early stage. This creates a positive user experience, reduces 

uncertainty and enables equal access – important prerequisites for the effective didactic use 

of immersive media. 

 

The technical implementation is based on the RAUM platform. We also used existing stand-

alone VR systems (e.g. Meta Quest 3) that are already available at the university. This choice 

reflects a conscious strategy on the part of the university to use existing resources efficiently, 

reduce energy consumption and improve usability at the same time. At the same time, it is 

recognised that PC-based systems can offer advantages for higher graphical or functional 

requirements. A sustainable digital strategy must therefore systematically analyse the different 

needs and flexibly adapt them to the respective application scenarios. 

 

Overall, this planning shows that the use of immersive media requires more than just their 

technical provision. It requires a well-thought-out didactic concept that takes learning 

objectives, user experience and ecological responsibility into account in equal measure, thus 

contributing to sustainable digital university teaching. 

 

9.3 Overview of the VR stations 

The individual stations deal with different sustainability topics and use specific methods and 

media to address the learning objectives in a tailored manner. The design ranges from 

interactive simulations and video-based information modules to cooperative modelling tasks. 

This diversity is intended to appeal to different learning preferences while also enabling a high 

level of depth in terms of content. 

 

The following overview visualises the thematic structure and shows in a compact form the focal 

points of the individual learning stations in the overall arrangement. 
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Figure 1: Overview of learning stations 

Detailed content, storyboards and materials for the individual stations are included in Annex A 

to this paper and provide in-depth insights into the didactic planning and implementation. 

 

 

Figure 2: Learning station Circular Economy 
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Figure 3: Story board learning scenario Circular Economy 
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Figure 4: VR environment of learning stations 

 

All stations are designed so that they can be used independently but can also be integrated 

into an overall concept. The modular structure allows for flexible adaptation to different courses 

of study and subject contexts. At the same time, it supports the scalability of the approach in 

terms of expanding the content to include further sustainability topics as well as technical 

implementation in different university environments. 

 

9.4 Reflection and evaluation tool including assessment 

In order to specifically assess the impact of the individual stations and ensure continuous 

improvement, a standardised questionnaire is used, which is based on the established didactic 

and psychological model of the CAMIL framework (Appendix 2). 

 

It describes key dimensions of immersive learning such as motivation, agency, presence, 

embodiment and cognitive load. By translating these dimensions into concrete items, the 

questionnaire enables a differentiated analysis of the learning effectiveness and usability of 

the VR stations. This theoretical foundation helps not only to collect subjective impressions, 

but also to gain reliable insights into didactic strengths and areas for improvement. 

 

In addition, the questionnaire also includes open-ended reflection questions that encourage 

learners to critically reflect on their own behaviour, attitudes and learning transfer. This phase 

is not only an evaluation tool, but also part of the didactic design itself: it promotes awareness 
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of sustainable courses of action and anchors what has been learned more firmly in everyday 

life. 

Data from 57students enrolled in industrial engineering programmes with a focus on facility 

management was available for analysis. The average age of the participants was 22.2 years, 

with the majority in their third year of study. Data collection combined standardised scales with 

open-ended questions and was analysed in several steps: in addition to transforming negative 

items and creating well-founded subscales, mean values, standard deviations and, where 

applicable, confidence intervals were calculated. A qualitative content analysis was also 

carried out by coding and categorising the responses. 

 

The results show a high level of acceptance and learning effectiveness of the VR learning unit 

(see also Appendix C). For example, VR as a medium has a clearly positive effect on learning 

motivation: with an average score of 4.00 on a five-point scale, over 75% of respondents 

confirm that VR increases their interest in learning. The transferability of virtual content to real 

contexts was also rated positively, with an average score of 3.78. The open-ended responses 

illustrate successful examples of transfer, such as sustainable behavioural changes such as 

increased use of public transport. These results show that the unit can be not only cognitively 

effective but also behaviourally influential. 

 

However, the findings also reveal limitations in the structural framework conditions. Only 33.3% 

of respondents stated that their university was sufficiently equipped to implement VR-based 

teaching across the board. This finding points to systemic limitations: the acceptance and 

effectiveness of the method are hampered by a lack of infrastructure, which makes transfer 

difficult. Didactic factors such as agency and physical presence were perceived as good to 

very good, with an agency value of 3.50 and a high value for the sense of presence (M = 4.22). 

In contrast, visual realism was viewed critically with a score of 2.56, indicating that immersion 

is influenced more by interactive and narrative elements than by visual quality. 

 

A particularly strong result can be seen in situational interest: with an average value of 4.30 

and a 95% confidence interval above the middle of the scale, the VR environment appeals to 

learners emotionally and activates them cognitively. Interest in sustainability was also rated 

highly (M = 4.00), with only a few expressing little interest. Confidence in one's personal ability 

to accomplish sustainability-related tasks was also rated highly (M = 3.95), indicating that the 

VR unit not only imparts knowledge but also boosts confidence in applying this knowledge in 

everyday life. 
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An outstanding result was found in the area of situational interest. With an average value of 

4.30 and a 95% confidence interval above the middle of the scale, the effect is very strong. 

This illustrates that the VR environment appeals to learners emotionally and activates them 

cognitively. Thematic interest in sustainability was also rated highly (M = 4.00), with only a 

minority expressing little interest. Confidence in one's own ability to accomplish sustainability-

related tasks was also rated highly (M = 3.95). This suggests that the VR unit not only imparts 

knowledge, but also boosts confidence in applying this knowledge in everyday life. 

 

The aspect of embodiment was less pronounced. With a value of 2.93, the embodiment score 

was only in the middle range. In particular, the low level of agreement with the statement that 

relevant body movements were performed (M = 2.67) indicates potential for development. 

Greater integration of body-related interactions, for example through haptic feedback or 

gesture-based controls, could specifically strengthen this area. In terms of cognitive load, 

however, the data paints a positive picture: the interaction-related load was 2.61, while the 

environment-related load was only 1.86. This suggests that the VR environment was neither 

overwhelming nor confusing – an important finding for instructional design. 

 

The qualitative evaluation underscores the quantitative results: the station "Energy 

Consumption on Campus" (also titled "Grey Energy") was mentioned particularly frequently 

58, indicating the relevance and memorability of the topic. The reasons given for the particular 

impact of this station can be summarised in six content categories: real-world relevance, 

personal relevance, interactivity, awareness raising, the impact of material choices, and 

interest in energy issues. Only a few points of criticism were mentioned, such as video loops 

or limited storage space – comments that point to technical improvements rather than 

fundamental shortcomings. 

 

Clear learning successes can also be derived with regard to the different dimensions of 

knowledge. All participants named at least one technically correct measure (declarative 

knowledge), seven out of eight explained key relationships such as that between grey energy 

and life cycle analysis (conceptual knowledge), and six out of seven outlined concrete planning 

processes for implementing sustainable building concepts (procedural knowledge). This 

indicates effective cognitive penetration of the topic and shows that the learning unit goes 

beyond pure factual learning. 

 

Overall, the data suggests that VR-supported sustainability teaching offers great potential for 

higher education. It is not only accepted, but also motivating, immersive and conducive to 

knowledge transfer. The combination of emotional activation, cognitive structuring and self-
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reflective integration enables sustainable learning in two senses – both in terms of content and 

methodology. At the same time, there is room for development, particularly in the areas of 

physical interaction and visual design. However, the greatest external limitation remains the 

institutional infrastructure, which has so far hindered widespread use. 

 

Future research should expand the sample size and enable more in-depth statistical analyses 

based on raw data, for example on internal consistency (Cronbach's α) or the long-term impact 

of the learning environment in pre-post designs. Direct comparisons of different didactic 

settings (e.g. VR vs. traditional classroom teaching) could also provide valuable insights. 

 

In conclusion, it can be said that VR-supported learning in the context of sustainability is not 

only innovative, but also didactically sound and empirically effective. The combination of 

technology, theory and reflection creates a learning environment that promotes cognitive, 

emotional and behavioural goals in equal measure – a prerequisite for effective education in 

the 21st century. 

 

9.5 Sustainable design and strategic embedding of the VR 

teaching/learning arrangement 
The arrangement makes it clear that sustainability skills are not only taught thematically, but 

must also be anchored in the design of the teaching/learning environment itself. Immersive 

technologies only unfold their potential responsibly when they are embedded in a well-thought-

out, didactically sound and ecologically reflective overall concept. The use of existing 

resources, the orientation towards principles such as cradle to cradle and the consideration of 

CO₂ balances demonstrate a conscious engagement with ecological impacts as early as the 

planning phase. Participants in the arrangement are informed of this in advance so that they 

too can experience the connection. 

 

At the same time, the arrangement addresses the role of digital teaching within a 

comprehensive sustainability strategy. It addresses the balance between emission reductions 

through virtual formats and the ecological costs of hardware production and energy 

consumption. The decision to use existing stand-alone systems with lower power consumption 

is a practical solution that reduces emissions while ensuring usability and accessibility. It is 

recognised that universities must make such decisions on a case-by-case basis. Different 

degree programmes and departments have specific requirements for VR technology – for 

example, in terms of graphic quality, interactivity or collaboration functions – so a sustainable 

strategy requires flexible solutions and needs-based infrastructure planning. 
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Another key aspect of sustainable design is the human being as a learner and user of 

technology. Chapter 5 shows that immersive media open up new opportunities for motivation 

and knowledge transfer, but can also entail specific stresses such as cybersickness, cognitive 

overload, or social and health risks. Sustainable strategies must therefore focus on 

transparency, informing users about possible effects at an early stage and setting realistic 

expectations. Training courses, guided onboarding phases and intuitive interaction designs 

help to make the use of technology safer and more comfortable, thereby reducing potential 

stress. Reflection phases also help users process their own experiences and promote 

conscious, responsible use of digital media. 

 

Finally, it becomes clear that the development of sustainable VR teaching/learning 

arrangements is not a static outcome, but rather an ongoing process. This process requires 

the continuous coordination of ecological, technical and pedagogical perspectives, as well as 

a willingness to respond flexibly to technological developments and the changing needs of 

learners. Universities that take on this responsibility can not only design innovative learning 

scenarios, but also serve as credible examples of education that consistently implements 

sustainability. 
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ANNEX A 

Learning Stations & Storyboards 
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Figure 2 – Onboarding – Details 



Project n° 2022-1-DE01-KA220-HED-000085955 
 

41 

 
 

 

 
 



Project n° 2022-1-DE01-KA220-HED-000085955 
 

42 

 

 

Figure 3 – Station – "Mobility & Commuter Traffic" 
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Figure 4 – Station – "Grey Energy" 
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Figure 5 – Station – "Sustainable construction" 
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Figure 6 – Station – "Circular economy" 
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Figure 7 – Station – "Biodiversity" 
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ANNEX B 

Qestionnaire (CAMIL) 
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ANNEX C 

Study Results 
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