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Abstract 
The evolution in Virtual and Augmented Reality is challenging the Learning domain since some of its 
significant value propositions are related to several inefficiencies of STEM Education. The purpose of 
this research study is to promote the role of virtual reality in the context of STEM Education as a new 
alternative, effective, and cost reasonable solution for the provision of active learning interventions.  

In our work, we integrate two theoretical and research domains. Firstly, we discuss the theory of active 
learning as it is analysed in the STEM education and we provide the implication of active learning 
theory to the design of technology enhanced learning services.  

Then the emphasis is given to the emerging technology of virtual and augmented reality. A systematic 
discussion and interpretation of currently available services, prototypes and systems worldwide, 
results to a model summarizing the most significant design principles for visual learning (the 
integration of virtual reality to learning).  

Our key proposition follows which is a business model related to Cloud Active Learning. We promote 
the idea of an Open Agora of Virtual Reality Learning Services, where providers of content, 
applications, and services, form a global community of Active Learning Experiences.  

Finally, a case study providing our interpretation of our proposed system for a Bioinformatics Lab is 
presented.  

Keywords: collaborative teaching, team teaching, co-teaching, Higher Education. 

1 INTRODUCTION  
The evolution of Augmented Reality Research in the last decade is tremendous. Its capacity to provide 
meaningful enrichments of the perceived reality with digital elements has many implications and 
various interpretations. In terms of services and applications Augmented Reality promotes a new 
integrative visual approach to content and context integration. The exploitation of Augmented and 
Virtual Reality for educational purposes gains significant interest as well. The capacity of the 
technology to promote motivating learning scenarios and interfaces and the need of the educational 
world to respond to several problematic facts is extremely important. In this research study, we 
elaborate on a flexible active learning approach for the integration of AR to educational institutions. 
The focus of our approach is the scalability and the openness of the approach. Given the significant 
investments required for achieved quality in the delivery or AR enabled learning content we analyse 
the requirements for the provision of an Open Marketplace of interoperable AR/VR learning 
applications. 

The overall idea is based on some assumptions and facts that are derived by the state of the art 
literature review that follows: 

• Investments in AR/VR in educational institutions should be sustainable. The technology 
becomes very fast obsolete and especially with the continuously upgraded capacities of newer 
versions of technology 

• The use of Educational technologies in academic settings should be justified on the basis of 
value delivery to various stakeholders and most of all to students 
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• The provision of AR/VR educational services should be integrated with community building 
capabilities capable of transforming the AR experience into meaningful feedback, lessons 
learnt, experiences, and problem capabilities to the learning community. 

• The social character of AR/VR educational interaction should be also cultivated. The reality 
enhancements should be the mean for the provision of social interactions and not only 
interactions of peers with the content 

• The integration of content providers with a self-sustainable mechanism for content and context 
provision in AR educational services is critical. Without a systematic work-flow that permits the 
continuous update of content and services the AR/VR educational initiatives will have a limited 
impact. 

• Strategizing the use of AR/VR in academic institutions and educational settings implies the 
deep understanding of value components of AR and its association with key areas of skills and 
development of competencies that should be defined and supported 

• The integration of any technological innovation in Education is a challenge but is also 
associated with several threats mostly due to limited knowledge and understanding.  

The contribution of this research study is multi-fold: 

• Firstly, at theoretical level it introduces a framework for the adoption of AR in STEM education 

• Secondly, it conceptualizes an architectural design for the implementation of a sophisticated 
marketplace of AR services capable of supporting different aspects and learning scenarios in 
Education 

• Thirdly at a meta-concept level it links AR/VR research to innovation and sustainability. 

In the next section, we provide a systematic literature review on some exemplar studies for the use of 
AR/VR in Education. The purpose of this review is to reveal the main aspects of the introduction of 
AV/VR in Education and also to discuss the key implications towards the digital transformation of 
Education [6], [7], [9] with highly engaging and motivating augmented reality services 

2 A CRITICAL LITERATURE REVIEW ON THE USE OF AR/VR IN EDUCATION   
Before a discussion of our value propositions, a brief theoretical framework is provided in this section 
grounded in the relevant literature. In Table one we provide some of the key underpinnings of the 
theoretical discussion and the applied domain of Virtual Reality in Education [1], [2], [3], [8].  

Table 1.  An overview of critical literature review and analysis of Virtual Reality in Education. 

Aspects Main Research Topics  Intended Contributions 

Content • Standardization 

• Metadata enrichment 

• VR authoring 

• Interoperability in different platforms 

• Modularity & openness 

• Methods and algorithms for content 
modularization 

• Open environments and platforms for 
AR/VR authoring 

• Systems of Systems enabling dynamic 
content exploration in AR/VR settings 

• Dynamic Annotation of VR/AR content 

• Cognitive computing integration to VR/AR 
educational systems 

Context • Dynamic profiling 

• VR media enrichment 

• Customization of VR/AR experience 
• Learning Dimensions and value 

components 

• Distributed Learning context 

• Integration of multiple contexts 

• Methodologies for Educational Profiling in 
VR systems 

• Methodologies for media richness in 
Educational VR 

• Models of Students’ Value Perceptions for 
VR context 

• Methodologies for the integration of active 
learning in VR learning spaces  
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Tools • VR/AR learning authoring tools 

• 3D visualization tools 

• Haptic Technologies Integration 

• Management of motion and 
kinesthetic 

• Community, Social Networks, Sensor 
Networks over VR/AR systems 

• Innovative learning AR/VR authoring 
environments  

• Prototype systems integrating Haptic and 
Kinesthetic management for training and 
learning 

• Integrative solutions of AR/VR and SNs for 
learning 

Interactions  • Emerging AR/VR interactions 

• Trial and Error interactions 

• Skills building AR/VR interactions 

• Cognitive interactions  
• Interpretations of connectivism and 

constructionism in VR/ AR 
environments 

• Modelling AR/VR interactions 

• Proposition of sound, learning interactions 
promoting learning strategies in the VR/AR 
learning space 

• Workflow models and analytics for learning 
interactions in VR/AR 

• Prototype systems measuring the 
effectiveness of VR/AR to deliver learning 
value 

Virtual 
Reality 
Value 
Integrators 

• Presence 

• Distance 

• Media Enhancement  

• Feelings and Sentiments 

• Excitement / Motivation 

• Engagement /  

• Innovative approaches to managing 
presence in VR/AR learning spaces 

• Algorithms, and Methodologies for 
managing feelings, sentiments, 
engagement and intrinsic motivation in 
VR/AR learning spaces 

Augmented 
Integration 

• Physical Space Enhancement 
• Learning VR/AR artifacts as 

integrators of experience 

• Context Awareness in Augmented 
Mode 

• Ubiquitous transparent Interfaces 
• Learning Centric activation of AR 

value services 

• Intelligent activation of Augmented Reality 
Learning enhancements in physical spaces 

• Algorithms for targeting augmented reality 
content in STEM Labs 

• Augmented Reality for Learning and 
Smartphones Integration 

• Sensor Networks as enabling 
infrastructures for AR integration. 

The various topics highlighted in the table above provide a very rich picture for the evolving and 
emerging character of Virtual and Augmented Reality in Education and Learning and represent a very 
challenging current research context. The purpose of this research study is not to proceed to an 
exhaustive discussion of all the mentioned research areas but rather to vision the required services 
that promote significantly the learning capabilities of a virtual and augmented reality enabled Learning 
Lab for STEM education.  

In the next section this idea is elaborated further. Several use cases and the main aspects of a 
prototype architectural design for a School Driven VR Learning Lab are presented. After the short 
discussion of the main functionalities, components and services we will conclude this short study by 
providing our strategic proposition for the use of AR/VR in Education.  

3 A VR/AR CLOUD AGORA OF ACTIVE VISUAL LEARNING SERVICES  
The provision of an integrated cloud based agora or marketplace of active visual learning services 
enabled by augmented and virtual reality components requires a detailed analysis of key value adding 
services and use cases that summarize the potential impact of this emerging theoretical and applied 
domain to the STEM Education.  

This section is organized as follows: First we present six use cases capable of providing the potential 
of a VR/AR Cloud Agora of Learning Services integration. Second, we elaborate on the key 
components of such a sophisticated Agora and finally we emphasize on the main technological 
capabilities of such a system.  
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3.1 Description of the use cases 
The following use cases provide a representative list of several value components in a virtual and 
augmented reality enhanced learning environment. The basic feature of augmented reality is the 
disruption of the traditional interaction models. In such a way that not only the perceptions about 
content but also the perceptions about modes of interaction are challenged. The virtual space is not an 
isolated context where humans act as passive users. The incredible value proposition of Augmented 
Reality should be the enhancement of the human experience. The following list of use cases are 
indicative and in any case exhaustive: 

Engaging Exploration: Maria is using a School Driven Virtual Reality Learning Space. She is using a 
typical Oculus Rift Headset. She is interacting with a Human Body VR/AR content module and 
oversees the basic operations. She could navigate and explore the human body in various modes and 
different visual representation. For this purpose, a multi-layer visualization technique allows the 
multimodal exploitation of same content. At the same moment, this interaction is used for training 
purposes. Several other colleagues can monitor in a web, cloud platform in real time or offline, the 
interactions of Maria and also, they can use clips in order to comment or promote in social media. 

Social Engagement / Community building: George, Tara and Anna, attend a Computer Engineering 
Class. They are using the School Driven Virtual Reality Learning Space and they perform a team 
virtual reality enhanced module related to Object Oriented Programming. They navigate together in a 
virtual space where they drag and drop collaboratively blocks of code. The integration of their 
selections is visualized and they realize the effect. This is a significant mental task. Virtual Reality 
helps them to understand several concepts related to OOP.  

Advanced Profiling / Customization: Enric is a Professor of Education in University of Catalonia. He 
is using the School Driven VR Learning Space, to customize the learning experience of his master 
students in Biology. His ideas about their capacities and their needs help him to develop for them a 
customize learning experience. In fact, he builds a workflow of VR/AR interactions for each of the 
students linked with different skills and competences targeted 

Openness: Wadee is using the School Driven AR/VR Learning system in Saudi Arabia. He is 
customizing one of the modules of the system available in the cloud interface to link with a class that is 
also using a Virtual Reality Systems powered by Samsung Gear technology in Latvia where professor 
Linda is offering a class on Innovative Learning through AR/VR technology. The two systems are 
interoperable and thus both sides can use some of the content modules developed in different 
platforms. More over this openness permits the aggregation of experiences, comments, or shared 
assignments in the VR/AR section. 

Creativity mode: The School Driven AR/VR learning space has an incredible Augmented Reality 
feature. It is called Augmented Science Experience. In the Science Labs, students can use their 
smartphones and with a sophisticated engine that generates digital artifacts they can combine several 
pieces of information and materials to initiate experiments in a VR context. This mix of real world with 
digital objects is challenging significantly the workflow of instruction and the separation between 
teaching and learning. 

3.2 A strategic proposition for a Value Adding Learning Services of AR/VR 
Learning space. 

The development of an integrated VR/AR Learning system for use in STEM education requires a deep 
understanding of the capacity of the technologies as well as a sophisticated analysis of the 
requirements for meaningful learning in such a brand-new context [4, ][5], [10], [11]. In the following 
section, we provide some of the main requirements for this unique value proposition mix. We are 
providing few of the needed services in relevance to the literature review initially presented, mixed with 
our strategic proposition and AR/VR vision.  
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Table 2.  Services and Functionalities for a School Driven VR/AR learning lab for STEM education. 

Aspects Main Services available in the Proposed School Driven AR/VR Learning System 

Content • Self-driven or team-driven customized content / Learning experienced 

• Community driven content. The users of the Agora can update content library with their 
own contributions upon approval by administrators of learning space or local teachers 

• 3-tier approach VR Content will be enriched with Social Media community contributions 
and  

• Enrichment of Visual Objects with metadata standards for matching and customizations  

• An integrated component for VR content Authoring and multiformat delivery   

• Group-based / Team Based VR learning stories authoring 

• Game based production of VR Learning content 

Context • Matching different AR/VR context to learners’ profiles 

• Automatic enhancement of learning experience with AR/VR objects 

• Scalable delivery of learning value and complexity through diverse AR/VR techniques  
• Integration of learning lab with other applications and open architectures e.g. Cultural 

Archives, Social Networks, Public Profiles etc.  

• Design of Distributed Shared AR/VR learning contents for remote use and for distant 
use. 

Tools • Open VR/AR tools for authoring simple content.  

• Professional VR authoring tools for learning designers and professors 

• 3D visualization environment for STEM content creation 

• Exemplary applications for Haptic Integration and Kinesthetic  

• Integrators of Social Networks Interactions and Social Mining over VR system  

Interactions  • Model Management and Workflow service for AR/VR Learning interactions design and 
support 

• Blooms Taxonomy of Learning Objectives and Pool of related VR/AR interactions to 
choose 

• Skills building and competencies building wizards for VR/AR learning experiences 

• Learning Strategy Service where various learning theories are used for the design of 
meaningful learning interactions.  

Virtual Reality 
Value 
Integrators 

• Tools and services for visualizing learning Presence, Physical Distance of learners 

• Visual and Augmented management and exploitation of Feelings and Sentiments 

• Tools for promoting Excitement / Motivation for use 

• Services for advanced Engagement in VR Learning Space  

Augmented 
Integration 

• System for automatic activation of AR enhancement of learning process 

• Smartphone application and client-side interface for using augmented reality services in 
STEM Labs.  

In table 2, the focus is on the main specifications of services and functionalities of the proposed 
School Driven VR/AR Learning space. For sure each of these functionalities require detailed 
specification and modelling. In a forthcoming journal publication, we are elaborating further on these 
ideas and we present an architecture and a prototype design for this system. It is in our intentions to 
propose such a project in Kingdom 2030 program of Saudi Arabia as well as to investigate a similar 
opportunity in Horizon 2020 program in EU. At a social challenges context and sustainable 
development perspective such a system could serve as a key initiative in organizations like OECD 
towards the provision of a global community of Active Learning Experiences. 
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4 CONCLUSION: THE WAY FORWARD – A STRATEGIC FRAMEWORK 
Virtual and Augmented Reality technologies are here to stay. Education and STEM education are very 
demanding in terms of enhancement and revision of value delivery models. Several current 
inefficiencies and limitations require an open, creative approach to the learning designs and the 
learning interactions.  

The contribution of Virtual and Augmented reality towards a more creative, more motivating, and 
engaging STEM education should be investigated with a critical approach. Now, it is required to vision 
this new creative world of STEM education. Our work is just a step for creating thinking and critical 
argumentation about the implementation modes for a Virtual Reality and Augmented Reality Vision in 
Education.  

The young generation deserves a better STEM education. We must always promote creativity of 
young students and we should offer them the learning interactions that release their potential and 
talents. Maybe VR and AR can make it better. Our next research studies will elaborate further on this.  
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