
8th International Symposium for Engineering Education, The University of Strathclyde, September 1-2nd 2022, UK 

https://doi.org/10.17868/strath.00082019  Paper: 0719 1 

Impact of Immersive Extended Reality for Online Engineering Training 

 

David Culliton[1]*, Inam Ul Ahad[2], Dermot Brabazon[2], Muhannad Obeidi[2] 
 

[1]South East Technological University; [2]Dublin City University 

 

Abstract: In almost every facet of education both in-person and online streams exist. This 

is true for business, science, humanities, and even medicine, in many instances. Even 

engineering offers some content online but is stymied by the inability to truly deliver an 

online laboratory experience. As a result, critical training content is lost to the online 

student. SETU Carlow and DCU have partnered to deliver a novel, state-of-the-art, off-

campus laboratory education experience. This preliminary study investigates the benefits 

of an Immersive Extended Reality (I-XR) content for training undergraduate students to 

use high-end, complex, expensive test equipment in a safe and supportive environment. It 

was found that a broad range of students were able to translate I-XR learnings directly to 

successful usage of this test equipment, suggesting that further development and expansion 

of these platform services are strongly advised.   
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1. INTRODUCTION 

Online STEM programmes have always been very popular. The one main problem has been 

delivering a true laboratory experience to an off-campus learner cohort, thus necessitating on-

campus sessions. In the post-pandemic era, a lot of attention has remained on the experiential gulf 

between an on-campus and an off-campus learning experience. The former, being the traditional 

route to education, has dominated in many conversations as the student-preference. However, the 

longevity of the COVID pandemic has highlighted an urgent need to address this rather 

challenging situation. It is widely accepted that hands-on experiences are essential in STEM 

programmes, as they enhance problem-solving skills, provide practice for real-world 

predicaments, and give learners hands-on experiences with the selected tools and equipment. The 

premise is not to replace traditional didactic methods, such as blended learning environments, but 

to enhance the learner experience through immersive and realistic 3D experiences. Research in 

this area has been ongoing for a number of years and the summations have been generally positive. 

(Slater, 2018) states that, although XR hardware has been available since the 1980s, accessibility 

and affordability kept it out of the mainstream. However, with the evolution of the Oculus systems 

in 2013, the 3D virtual world became accessible to the general population in terms of availability, 

usability, and economic feasibility (Hodgson, et al., 2015; Olmos, Cavalcanti, Soler, Contero, & 

Alcañiz , 2018). Despite the exciting potential of this technology, adaptation for engineering 

purposes has been slow and has mainly focussed on pedagogical supports, rather than a 

revolutionary tool (Hodgson, et al., 2019). Although Immersive Suites have opened in numerous 

locations around Ireland, substantial research must be undertaken to guide and support the 

embedding of this advanced tool, in an appropriate and progressive manner. 

The aim of this research, of which only results of a preliminary study are herein reported, is to 
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study the virtual delivery of laboratory-based training content and to demonstrate the potential for 

an on-campus laboratory experience in an off-campus environment. Equipment unfamiliar to the 

students was selected, so that reported new learnings, enhanced student engagement, and 

improvements in knowledge retention could not be attributed to prior knowledge. Furthermore, it 

is planned that the undertaken analysis will better inform online teaching and learning strategies 

and promote productive active learning experiences in a blended learning environment. This is, 

however, a complex task as the experiences are highly personalised (each student is very different) 

so the compositional development requires a content design that stimulates, rather than dissuades, 

stakeholder engagement, supported by iterative analysis and stepwise enhancements. 

1.1 Online Education and Knowledge Retention 

A truly considered, scaffolded, teaching strategy requires multi-layered analysis: learning theories 

and strategies, cognitive styles, dissemination modes, student history, demographic, social 

stratification, possibly even gender and age, group dynamics and interactions, 

synchronous/asynchronous content (Güryay, 2016). In terms of pure research, it is acknowledged 

that the outputs of this pedagogical exploration are only truly relevant to the specific group of 

students involved in the pilot programme. It is, however, hoped that this study will lead to an 

increase in content-digitisation, resulting in reliable improvements in student interaction, enhanced 

topic immersion communed with a transition from surface to deep learning, and increased levels 

of comprehension and knowledge retention. (Khalil & Elkhider, 2016) outline a three-tier memory 

process for long-term knowledge retention. Information starts with perception (sensory memory) 

and then passes to working memory (if the student is paying attention). Knowledge retention 

depends on the final transfer of the information to long-term memory, but this must occur quickly 

as working memory is limited in terms of endurance and capacity (Baddeley, 2003). Working 

memory (or episodic buffer) is assumed to be a limited-capacity temporary storage system that can 

integrate information from a variety of sources (Baddeley, 2000). These processes, particularly 

working memory which facilitates short-term multimodal storage, must underpin module design 

(Merrill, 2002).  

1.2 Offsite Technological Revolution 

In recent years, scholarly and pedagogical attention has increasingly focussed on the coaction 

between digital and physical environments. Modern pedagogical developments in this area are 

progressively moving towards digitisation – both in terms of content delivery and classroom 

format. In other words, digitisation technologies are gaining more mindshare within educational 

institutions. According to Gartner’s Hype Cycle for Education Toolbox (Lowendahl, 2016), for 

example, digitisation of lecturing tools is fast becoming mission-central for education institutes, 

whilst remaining the responsibility of all affected stakeholders (staff, students, parents, 

communities, industry). The introduction-to-obsolescence cycle of the constant stream of new 

technologies is illustrated in 

Figure 1. The key to achieving long-term technological success is about embracing an ecosystem 

of relevant technologies which support a prioritised strategy (Lowendahl, 2016). Extended Reality, 

as a holistic vision, is a technology with in-built long-term pedagogical relevance which can 

support student-centric learning in a unique and exciting way. 

Students are a key stakeholder in these pedagogical developments, so it is imperative that learning 

activities should involve the students’ collaborative construction of classroom artefacts 

(Abrahamson & Wilensky, 2005). This teaching concept is the basis of active learning, which 

benefits from a multi-modal (blended) learning approach and broadens potential limitations of 
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STEM to a more embracing STEAM structure*. Delivery of a learning experience can be 

manipulated in terms of a continuum of similarity, to improve retention and recall (Jones & 

Macken, 2015); one such technique which is now being widely studied, is Extended Reality.  

Of the many important elements identified from this critical analysis but the elements most 

relevant to this research link the environment and technologies. 

 

Figure 1 Hype Cycle for Education (Lowendahl, 2016) 

Environment: Both (Carless, 2015, p. 192) and (Thorpe, 1995, pp. 175-184) emphasise that 

learning is dynamic, and in many ways unpredictable, thus necessitating a pedagogical approach 

which balances appropriate structure for novice learners, with enough flexibility to accommodate 

self-management. This self-management empowers the student and promotes a positive dialogic 

relationship between lecturer and student (Somba, Obura, Itevete, & Njuguna, 2016; Botas, 2004). 

Technologies: concept visualisation is critical in STEM programmes – this can be substantially 

improved through immersive technology (Fogarty, McCormick, & El-Tawil, 2018). (Matukhin & 

Zhitkova, 2015) commend the use of familiar modern accessible internet/online tools to enhance 

the blended learning experience and student engagement. While (Singh, 2003) studied, and 

achieved very positive results in an industrial environment, a methodical approach to designing a 

blended learning experience. As demonstrated, appropriate methods of embracing technology have 

been shown to promote better learning and knowledge retention for the affected students. 

2. PRELIMINARY RESEARCH 

SETU Carlow and DCU have partnered to deliver a novel, state-of-the-art, off-campus laboratory 

education experience, in a project funded by the HEA HCI PIII call† (2020). The programme is 

 
*STEM explicitly focuses on engineering & scientific concepts whereas STEAM investigates the same concepts but 

does this through inquiry and problem-based learning methods used in the creative processes (theconversation.com). 
† The Higher Education Authority (HEA) Human Capital Initiative (HCI) is an Irish government-funded initiative 

which seeks to promote innovative and responsive models of programme delivery, and to enable the higher 

education system to respond rapidly to changes in both skills requirements and technology. There are three Call 
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new, and piloting of both the content and the Immersive Extended Reality (I-XR) experiences is 

ongoing, with some preliminary results presented in this paper. The I-XR app is designed to train 

learners on the configuration and use of a 100 kN Walter+Bai Dynamic Test System, Model LFV 

100-HH (Figure 2). It is predicted that by undertaking multiple, iterative, engagements with the 

developed I-XR App, each learner will develop muscle-memory in terms of successfully using the 

test equipment; a technique successfully used in other learning environments (Maddox & 

Campbell, 2017) As stated by Maddox et al., pilots have long depended on simulators for their 

early-stage training – which proves that there is a significant transfer from I-XR training to real 

world skills development. 

 
Figure 2 Images of a) the Fatigue Test rig, b) the Virtual Reality experience. 

2.1 Research Overview 

A group of 30 undergraduate students, all from the same programme and year, were offered the 

opportunity to engage with a newly developed I-XR experience. Each student was provided with 

an Oculus Quest 2 onto which the app needed to be installed. Participants were required to 

complete a consent form, and then segments of a questionnaire. The first part of the questionnaire 

gauged their understanding of the fatigue testing protocols, the second part reviewed their pre- and 

post- event I-XR experience. The event occurred over a period of approximately 4 hours. The 

learner cohort was approximately 12% female, which is below the national female students in 

engineering education in Ireland average of 20%. 

2.1.1 Formative Feedback and Evaluation Questionnaire 

The participants were required to complete sections of the questionnaire at different stages 

during the pilot. A total of 10 open-ended questions were to be answered.  

• Section 1 (3 questions) was designed to gauge the knowledge of the participant on fatigue 

testing prior to participation in the training.  

• Section 2 (7 questions) targeted the knowledge of the students on completion of the I-XR 

Training experience, to flag any previous experience with I-XR systems and to measure the 

learner’s personal experience of the training programme. Learners were requested to provide 

feedback on the overall experience in comparison to an in-laboratory experience, and to identify 

elements of the training that were good and “could be better”. 

Responses were then ranked from 1 - 5, with 1 reflecting the least positive experience and 5 the 

most positive.  

2.2 Analysis and Discussion 

It has been shown in multiple published studies that STEM students experienced much higher 

learning gains using I-XR training. (Halabi, 2020) showed that I-XR improved problem-solving 

 
Pillars under which funding can be sought: Pillar 1 – Full-Time Graduate Conversion Courses, Pillar 2 – Additional 

Places on Existing Full-Time Undergraduate Provision, Pillar 3 – Innovation and Agility. 
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skills and enhanced learning outcomes. Likewise, (Akbulut, Catal, & Yildiz, 2018) found that 

students who underwent an I-VR experience that focused on software engineering principles 

scored 12% higher than students who did not undergo I-VR learning. As a result, it was deemed 

appropriate to capture the success of the I-XR training using questionnaire responses. The 

experiences of the participants were therefore documented via questionnaire, in addition to some 

later unstructured conversations. The questions were constructed to query the existing knowledge 

and the experience.  

 Pre-VR Knowledge Post-VR Knowledge 
 Q1 Q2 Q3 Q1 Q3 Q4 Q5 Q6 

A1 8.3% 4.2% 0.0% 16.7% 36.4% 42.9% 47.4% 50.0% 

A2 0.0% 8.3% 4.2% 0.0% 31.8% 33.3% 42.1% 27.3% 

A3 0.0% 0.0% 0.0% 12.5% 9.1% 0.0% 5.3% 18.2% 

A4 8.3% 0.0% 4.2% 4.2% 13.6% 14.3% 0.0% 0.0% 

A5 79.2% 83.3% 87.5% 62.5% 4.5% 4.8% 0.0% 0.0% 

Table 1 Tabulated interpreted results from the questionnaires (selected responses only). 

Pre-VR Knowledge: Purpose of the Fatigue Test (Q1), How is it performed (Q2), and List 5 

elements of a Fatigue Test Rig (Q3), Experience of App (Q3). 

Post-VR Training Experience: Have you previously used a VR headset (Q1); How does app 

compare to an in-lab experience (Q4); What new experiences were a result of the VR app (Q5); Is 

the VR Training effective (Q6).  

These questions probed the experience of the learner before using the Oculus and again queried 

the quality and relevance of their I-XR experience. Questionnaires were completed prior to 

departure from the event space, to ensure that they represented only the opinion/experiences of the 

specific learner and did not become diluted through post-departure conversations. The responses 

to the various questions were ranked - 1 (Best/Most Relevant) to 5 (Worst/Least Relevant). This 

facilitated numerical analysis of the generated quantitative data. Using this data, including that 

displayed in Error! Reference source not found., the key findings were as follows: 

1. All of the participants used Smart Phones and had access to IT technologies, such as computers. 

However, over 60% of the participants had never previously used an I-XR headset or any form 

of immersive virtual training experience. This aligns well with many of the publications on 

this topic, in which the lack of available training content belies the positive indicators of its 

potential. 

2. Over 80% had no knowledge or understanding of the fatigue test. This meant that the vast 

majority of the participants were engaging in training with no prior knowledge of either the 

test or the equipment. Any knowledge capture during this training could then be attributed to 

the training app. Subsequent unstructured interviews with a selection of the participants 

showed new knowledge had been gained on this test and the test setup. Similar to (Akbulut, 

Catal, & Yildiz, 2018), the positive impact of I-XR training was immediate and measurable. 

3. Approximately 70% of the participants could see the value in the training and understood / 

could correctly adjudicate its purpose and relevance. 

4. Over 75% of the participants found the training app to be either very enjoyable or excellent. 

Thus, showing that, in the event of a general rollout, the students would actively and positively 

engage in its usage. This is a critical necessity for the successful development of this state-of-

the-art training content. 
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The results of this pilot align very well with previously published studies on this subject, across a 

variety career spectra. Further work is planned in terms of immersive training content and 

experiential quality. 

2.3 Conclusions 

Although only preliminary data have been generated so far, the analysis of this data is very 

positive. Further development of the I-XR App, alongside the introduction of 360° Immersive 

Content (demo videos) will enhance both the appeal of this novel technology and its applicability 

in online experiential delivery of STEM laboratory training content. Further pilots, engaging Level 

7-9 learners, along with a varied selection of industrial trainees. 
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