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Abstract

Fieldwork is the cornerstone of geography education, allowing students to develop hands-on
expertise through the direct observation and data collection of the physical environment. As
such, fieldwork is crucial for understanding geographical phenomena while developing
transferable skills that are valuable in various academic and professional settings. However,
recent studies highlight the exclusionary dimensions of fieldwork, where barriers deter
student participation and skill acquisition. Notably, barriers to participation have hindered
students from engaging in on-site field activities and acquiring relevant skills. These barriers
highlighted the significance of valuing students' needs in geography fieldwork education and

the importance of developing measures that promote inclusion and accessibility.

Research into overcoming these barriers has been partially supported by technological
advances that foster inclusion and equality. Multimodal approaches using videos, imagery,
and mobile applications are linked to significant knowledge gains and positive user
experiences. Furthermore, the emergence of Extended Reality (XR) has enabled the creation
of immersive VR (Virtual Reality) educational environments that replicate virtual labs and
fieldtrips. These can integrate realistic representations of sites along with interactive activities
and immersive elements. Novel techniques such as SfM (Structure-from-Motion)
photogrammetry allow the production of high-quality 3D models by using overlapping aerial
and ground images of a site. This method is significant in the integration of 3D environments

in the VR environment.

This thesis focuses on the creation of a Virtual Reality fieldtrip (VRF) using well-developed
photogrammetric workflows and integrating it within the geography curricula at UCC

(University College Cork). The key aims of the research are the following:

I. Develop a VRF of a relevant Irish site tailored specifically to the Irish geography
curriculum
II.  To use qualitative and quantitative methods to assess the impact and effectiveness of

this VRF in support of student learning.

Multiple 3D models of Garryvoe Beach (Cork, Ireland) were developed from UAV and
smartphone imagery processed using SfM photogrammetric software. Point clouds and

texturised meshes were produced at sub-centimetre resolution. These were imported into the



Unity game engine to create a VR environment with interactive activities and sensory
elements. The VRF was delivered to students enrolled in a geography fieldwork module either

before, after or in place of an in-person fieldtrip to Garryvoe.

Results showed that the workflow was successful in producing a multisensory experience
that integrated multimodal approaches to learning and that included a number of interactive
learning tasks. Each task was developed to address specific learning outcomes and was
structured to accommodate various learners within the course. Several limitations were
identified, primarily related to technological constraints, software and hardware

requirements, and usability challenges.

However, the activity revealed that students had positive attitudes towards the use of VR and
that they recognised its learning value. Students who completed VR before fieldwork stated
the effectiveness of the VRF as a preparatory exercise. It allowed them to become familiar
with the site and engage with tasks in advance, thereby reducing cognitive overload and
enhancing knowledge retention. This group reported a more positive overall experience and
performed better compared to students who completed the VR activity after the fieldwork.
The use of the VRF as an alternative to on-site fieldwork was also assessed and revealed the
potential and the limitations of using such an approach to replace fieldwork. Results
highlighted the importance of such a resource when students cannot partake in fieldwork,
contributing to overcoming known barriers. Although the activities at each virtual stop were
designed to replicate authentic fieldwork tasks, they could not fully reproduce key elements

of fieldwork such as hands-on practice, social interactions and true spatial immersion.

This thesis demonstrates that well-developed VRFs can engage and support students in field-
based learning. A more inclusive design that integrates specific learning goals and
instructional scaffolding of tasks and information plays a significant role in students'
experience and performance. Implementation is also crucial and should promote an
integrated approach in which VRFs are used both as preparatory and reflective tools to further

enhance field learning and the overall educational experience.
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1. Introduction

Fieldwork plays an important role in geography education, fostering real-world enquiry and

deep learning through first-hand experience (Butler, 2008). While most geoscientists value

fieldwork for its cognitive benefits, others emphasise the significant barriers that limit

accessibility for many students. The primary obstacles to participation are:

Financial issues: Students from low-income backgrounds are often hindered from
participating due to the costs associated with personal field gear and travel (Abeyta et
al., 2021). Although many institutions offer financial support, it is often insufficient to
cover all educational expenses.

Mobility impairments: physical ability emerges as a major concern when undertaking
fieldwork. Students can be prevented from travelling long distances and moving to
areas where safety cannot be ensured (Hall et al., 2004).

Mental and physical health disorders: many students with conditions such as ADHD,
epilepsy, chronic diseases, as well as hearing and vision difficulties, often face
significant barriers (Kessel, 2008) due to unfamiliar environments and lack of support
structures (Birnie and Grant, 2001).

Caring responsibilities: amongst all students, mature students, especially women, are
often affected in their career progression by caring responsibilities (Carlin et al., 2024),
posing a significant barrier to fieldwork participation.

Pandemics: the emergence of COVID-19 and efforts in reducing its spread forced many
universities globally to shift courses from on-site to online (Aristovnik et al., 2020). This

posed a significant barrier to fieldwork learning for most undergraduate students.

Given these recognised issues in fieldwork education, the design and implementation of

supplementary fieldwork experiences is required (Hopkins et al., 2018). In this regard,

technology plays a crucial role. Widespread adoption of Extended Reality (XR) tools such as

Augmented Reality (AR) and Virtual Reality (VR) has revolutionised the way people interact

with and experience the physical world. VR, especially, has proven effective in providing

interactive and immersive experiences that replace the physical world (Harknett et al., 2022).

Specifically, VR can recreate a real-world site by means of realistic and high-quality 3D models.



A key benefit is that users don’t have to be in situ to be able to access the digital information,

making it readily available to a wider demographic.

Structure-from-Motion (SfM) photogrammetry is a technique that employs a series of
overlapping images to reconstruct 3D surface models (Eltner and Sofia, 2020). This method is
significant in geoscience applications, especially geography, as it allows production of accurate
and georeferenced 3D models from 2D images. UAV imagery plays an important role in
ensuring accuracy and quality in the production of these 3D models. This technology improves
mapping efficiency, ensures increased accuracy and enables capture of data from hazardous
areas (Ok, 2025). While Google Maps typically employs satellite imagery with meter to
submeter resolution, UAVs survey areas with high-resolution digital cameras that can capture
images at <1 cm/pixel resolution. This results in highly detailed 3D models with high-
resolution textures, enhancing feature visualisation and enabling detailed surface analysis and
measurement. Applications range from topographic monitoring (Gongalves and Henriques,
2015) to archaeological studies (Kanun et al., 2021) and geological mapping (Honarmand and
Shahriari, 2021). In education, it can be used to produce accurately scaled and georeferenced
terrain models for VR fieldtrips (VRF), where activities are integrated digitally. Thus, SfM
photogrammetry and VR can serve as an additional resource for in-class teaching and
fieldwork, useful for preparation, reflection or as an alternative to support students' learning

in undergraduate education.

At present, there is a lack of VR field courses designed around Irish field sites, and a limited
number of Irish studies evaluating the impact of VR on learning outcomes and engagement.
Without evidence from national institutions, it’s difficult to formally integrate VR into curricula
as a fieldwork or in-class learning method. As VR teaching gains global traction, projects such
as this allow Irish geoscience curricula to advance accordingly while generating VRFs that

showcase Ireland's landscape globally.



1.1 Aims and Research Questions
Given the shortcomings listed above, the research outlined here aims to bridge the gap
between the posed challenges and potential solutions. Consequently, this thesis seeks to

achieve two primary aims:

1. To develop a VRF tailored specifically to the third-level Irish geography curriculum.
2. Toemploy qualitative and quantitative methods to assess the impact and effectiveness

of this VRF in support of student learning.

To address these two aims systematically, this thesis seeks to answer three research questions

(RQs):
RQ1: What is the impact of VRFs in the geoscience third-level education?
RQ2: How should VRF be best implemented?

RQ3: To what extent can VRFs allow students to replace fieldwork?

These RQs will expand our knowledge beyond current understanding. The objective of RQ1 is
to understand the effectiveness of using VR in support of third-level geography field-based
learning, outlining the benefits and limitations on students' learning and experience.
Demonstrating the impact of this initiative on Irish geoscience curricula will support decision-
making for higher education investment in digital learning. The objective of RQ2 is to
determine whether or not the completion of a VRF before commencing fieldwork or after
enhances learning. Understanding the best implementation strategy will enable educators to
properly integrate VR tools in laboratory sessions, pre-assessment revisions and fieldwork
experiences. The objective of RQ3 is to determine how effectively VRFs can achieve learning
outcomes in place of actual field-based learning and assess the role of VR in promoting formal
inclusion in geography education. There are many cases where students cannot participate in

field-based learning as a result of disabilities, financial constraints, illness, or pandemics. For



this reason, it is important to explore ways in which VR technology can help mitigate these

issues and provide a more inclusive learning experience.

1.2 Thesis outline
The work in this thesis documents a turning point in the use of digital technologies in third-
level education by providing a novel method to enhance field-based learning. Each chapter

outlines the work developed towards achieving the aforementioned objectives as follows:

Chapter 1 outlines the rationale of this project, highlighting the challenges and opportunities
associated with fieldwork in geography education. This is followed by a description of the aims
and objectives. The final section examines the existing literature on the application of
Extended Reality (XR) technology, with a particular focus on VR and UAV SfM photogrammetry

in education.

Chapter 2 presents the results of the first aim of this project: to develop a VRF tailored
specifically for the Irish geography curriculum. First, it provides an overview of the importance
of fieldwork in geography education, outlining the learning gains and implications for inclusive
education. It moves on to discussing the existing barriers associated with fiel[dwork and the
recent advances in technology, such as Digital Twins (DT), SfM photogrammetry and extended
Reality (XR) in the creation of 3D products and their integration in VR for enhanced
visualisation. A workflow was developed to create an immersive and interactive VRF of
Garryvoe Beach (Cork, Ireland). This involves the use of UAV and smartphone imagery, Agisoft
Metashape as a photogrammetry software and Unity as the VR platform. The technical aspects
of designing and creating the VRFs are covered, along with the expected learning outcomes.
A comparative assessment with other VRFs is then presented, and the advantages and
limitations of using this method are also outlined. This chapter significantly contributes to
providing grounds for the aim of Chapter 3 and to answering the aforementioned research

questions.

Chapter 3 presents the results of the second aim: to both employ qualitative and quantitative
methods to assess the impact and effectiveness of this VRF in support of student learning.
Firstly, it offers an introduction to the benefits and limitations of employing digital tools in

education. It then briefly describes the Garryvoe fieldtrip and the VR field course, providing

4



information on the participants and assessments. This chapter presents a novel approach that
combines qualitative and quantitative methods to assess student performance and
experience with VR in support of fieldwork learning. The results offer valuable insights into
the implications of using VR in geography education as a fieldwork activity, while providing
valuable insights into inclusive practices. To this end, Chapter 3 aims to answer the three main

research questions:

RQ1: What is the impact of VRFs on the geoscience third-level education?
RQ2: How should VRF be best implemented?

RQ3: To what extent can VRF allow students to replace fieldwork?

Chapter 4 presents a conclusion to the thesis, summarising the key findings, accomplishments,

and concluding remarks. It then offers suggestions for future research and developments.



1.3 Literature Review

The primary purpose of this review is to determine whether there is compelling evidence for
the use of immersive virtual reality in education, as well as the methods used to reproduce
virtual environments. The material presented proposes different approaches to virtual reality
in scientific education and outlines the use of photogrammetry in the acquisition of data
needed to create 3D digital models of sites. The review starts with an introduction to extended
reality (XR), which explains the difference between virtual reality (VR) and augmented reality
(AR) technology, followed by a section that covers the advantages and limitations of VR in
enhancing students' experiences and learning in geography education. The last section covers
the potential of integrating SfM (Structure-from-Motion photogrammetry) with VR to produce

immersive environments that display high-quality models of sites.
Extended reality

The term extended reality (XR) is used to define the combination of virtual and physical
realities generated by computer technologies. VR and AR are types of XR technology that
present fundamental differences: AR differs from VR in that it combines the digital and the
real world. In other words, 2D and 3D graphics are added to the real world via mobile devices
or head-mounted displays such as the Google Glass (Boyles, 2017). By contrast, VR is defined
by the presence of a human-computer interface that simulates a realistic environment (Zheng
et al., 1998). VR can be categorised into immersive and non-immersive (Lavoie et al., 2025).
The immersive VR allows users to interact with the digital world by using a combination of
haptic devices, hardware, and software components (Wohlgenannt et al., 2020). These can
provide a direct manipulation method for users to work with 3D graphics (Zheng et al., 1998).
Non-immersive approaches often consist of interacting with the VR environment on a
computer screen via different input devices with limited sensory involvement (Piccardi et al.,

2025).
VR in education

Different studies have claimed that the integration of multimedia into conventional classroom
education was important to enhance learning (Mishra and Sharma, 2004; Mukherjee, 2018;
Vagg et al., 2020). Notably, Mayer (2002) discussed the suitable multimedia design that can

benefit users in education. He claimed that appropriate verbal and visuospatial thinking



allows meaningful learning of concepts. His findings indicated that students learn more
effectively when presented with narrations, familiar words, and pictures. Other studies have
highlighted the value of integrating multimedia into traditional classroom instruction to
improve learning outcomes (Vagg et al., 2020; Neo and Neo, 2004; Rackaway, C., 2012;
Williams and Patrick Harkin, 1999). Specifically, multimedia can help students better
understand and retain knowledge, thus improving the overall quality of education

(Rumiantseva et al., 2023; Vijayalakshmi and Reddy, 2020; Hill and Nelson, 2011).

Virtual reality experiences, offering interactivity and immersion, are gaining importance
across different disciplines. Bell and Fogler (1995) demonstrated VR’s effectiveness in
visualising abstract chemical engineering concepts using Vicher. However, the study
acknowledged the limitations related to the technology that hindered students from fully
engaging with the VR module. Fabris et al. (2019) found that VR supports self-directed
learning, active participation, and knowledge retention in biomedical practical courses,

enhancing knowledge retention.

In the field of geoscience education, VR proved to be of importance to students completing
fieldwork modules to enhance their field-based learning while addressing issues related to
cost, remoteness of field sites and disabilities (Guillaume et al., 2023; Harknett et al., 2022;
Horota et al., 2022; Minocha et al., 2018; Butler, 2006). This was highlighted as being
particularly beneficial during the COVID-19 pandemic (Evelpidou et al., 2021; Peace et al.,
2021; Thonnessen and Budke, 2020) when in-person field trips were not possible. However,
several studies have highlighted some of the disadvantages of VR. The main aspect identified
was the inability to recreate the immersive and sensory elements of the cultural and physical
landscape (Pugsley et al., 2022; Arrowsmith et al., 2005). The social factor also plays an
important role in fieldwork. Students learn to cooperate, make friends and build trust,
qualities that are difficult to reproduce in a VRF (Cook et al., 2025; Spicer and Stratford, 2001).
Students might also not be comfortable using the technology and develop feelings of
disorientation in the virtual world (Cliffe, 2017; Tuthill and Klemm, 2002). Nevertheless, the
advantages of using VR in education are many and have been covered in several studies.
Arrowsmith et al. (2005) developed the Grampians National Park VRF to prepare second-year
geospatial science students for on-site fieldwork. Students reported a positive experience

using VR, finding it useful for preparation, obtaining a strong topographic overview of the site.
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Cook et al. (2025) conducted an immersive virtual field trip exploratory case study of Garden
Ridge (Virginia, U.S.), claiming that the fieldtrip successfully simulated navigable geological
spaces in which students developed a strong sense of presence. Guillaume et al. (2023)
highlighted the use for effective multi-scale geological observation. Watson et al. (2024)
employed a VRF of Iceland to support third-year students studying physical volcanology. The
VRF aided geological interpretation, as well as improving spatial interpretation skills. Qiu and
Hubble (2002) recognised that one of the many advantages of VRFs is that they display data
at different scales and allow visualisation of the landscape from multiple viewpoints
simultaneously and on multiple occasions. Similarly, the concept of spatial scalability has been
mentioned by Granshaw and Duggan-Haas (2012), who acknowledged the importance of
observing the site from multiple viewpoints. The authors outlined the importance of VRFs in
pre-trip debriefing as well as post-field trip reflection. These studies also agree that it’s
important to consider that VRFs must be designed with well-established learning goals and
the skills to create meaningful learning. Bricken (1991) claimed that using VR in education can
become the most effective tool in enhancing students' performance when tailored according
to different learning needs. Oyler (2014) demonstrated that VR has a significant impact on
comprehension and vocabulary achievement in students with learning disabilities. Chen and
Ismail (2005) claimed that guided VR experiences have the potential to accommodate

students with different learning styles.

While XR technologies such as VR and AR are transforming education by offering immersive
and interactive learning experiences (Jana et al.,2025), barriers in their application in
education are diverse and complex (Samala et al., 2024; Beh et al., 2022). XR devices come
with high costs, largely because of their advanced hardware and software. This aspect can
represent a barrier in less well funded institutions that lack the resources to effectively
implement XR learning experiences (Samala et al., 2024; Alnagrat et al., 2022; Ozdemir, 2021).
Other relevant challenges to consider are infrastructure limitations, as institutions might lack
adequate internet connectivity to support effective use of XR devices (Jana et al.,2025), as

well as instructors’ limited ability to use the technology effectively (Alzahrani, 2020).

Regarding VR technologies, the inability to recreate the immersive and sensory elements of
the cultural and physical landscape particularly emerged as a relevant limitation (Puglsey,

2022; Arrowsmith et al., 2005). As previously stated, students learn to cooperate, make
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friends and build trust while doing fieldwork, qualities that are difficult to reproduce in a VRF
(Cook et al., 2025; Spicer and Stratford, 2001). The reduced level of peer interaction can lead
to social isolation and hinder the possibility of working in a team and communicating
(Arrowsmith et al., 2005). Physical discomfort was also considered a challenge of VR, often
related to motion sickness and fatigue of the various senses (Burke et al., 2025; Sofiadin,
2024). Furthermore, Friess et al. (2026) reported that students using VR technology may
struggle to engage with multiple elements of the virtual environment simultaneously.
Similarly, Cliffe (2017) noted that virtual environments can induce feelings of disorientation,
which may hinder students’ engagement with learning materials (Stainfield et al., 2000; Spicer
and Stratford, 2001; Baggott la Velle, 2005; Garner and Gallo, 2005). Distractions within VR
environments have also been highlighted as a concern, as students may focus more on the
technology itself than on the educational content (Sofiadin, 2024). Due to the absence of real-
world experience in VRFs compared to traditional fieldwork, students may fail to develop
certain essential skills, particularly those requiring hands-on practical engagement (Friess et

al., 2026; Stainfield et al., 2000).

In addition to students experiencing challenges using this technology, instructors face several
obstacles when implementing VRFs. Designing and employing a VRF requires specific
technical knowledge and instructors may need to learn how to effectively use VR technology
for teaching (Burke et al., 2025), a type of preparation that can represent a challenge for some

people.

Despite the broad literature on VR applications in geography education internationally, there
is a lack of VR studies in Ireland. While the use of VR in education has been explored (Cowan
and Farrell, 2023; Walsh et al., 2019; O’Leary et al., 2025), there is a significant shortage of
publications based on the development and creation of VRFs in geography education at a

national level.
SfM Photogrammetry and VR

Photogrammetry is defined as a method that derives metric information of objects through
measurements taken on their photographs (Mikhail et al., 2001). Structure-from-Motion
(SfM) photogrammetry is a low-cost method that varies from conventional photogrammetry

in that camera positions and orientation are solved thanks to the automatic identification of



corresponding features in overlapping images (Westoby et. al., 2012). When combined with
Uncrewed Aerial Vehicle (UAV) surveys, SfM has proven to be useful in geoscience applications

(Anderson et al., 2019).

Photogrammetry has become an important tool in geoscience for monitoring and modelling
diverse environments. In river and coastal contexts, terrestrial, UAV, and ground-based SfM
methods have been used to assess erosion, gully morphology, and shoreline change
(Nikolakopoulos et al., 2019; Koci et al., 2017; Casella et al., 2014; Barker et al., 1997). In
marine environments, SfM photogrammetry has enabled high-resolution, non-destructive 3D
mapping of reefs and the seabed (de Oliveira et al., 2021; Bayley et al., 2019; Burns et al.,
2015).

In geoscience education, UAV photogrammetry has been integrated into VR environments to
support students in-class and as part of field learning. Sefercik et al. (2021) tested the
potential of UAV imagery to create high-quality 3D models and integrate them into a VR
environment for a 3D Unity virtual tour. The results demonstrated the potential of such tours
in exploring and collecting information remotely. Harknett et al. (2022) used UAV
photogrammetry to create digital outcrop models (DOM) of the Husavik Triple Junction in
Northern Iceland. These high-quality models (4 cm per pixel) were integrated into a VR
environment, allowing students to obtain detailed structural observations in a remote
location. Furthermore, Tibaldi et al. (2020) employed SfM photogrammetry to develop a
series of VRFs to teach volcanology. The project features the use of 3D DOMs from UAV
imagery to display complex features at high resolution (8 mm/pixel), enabling accurate remote

measuring of features in inaccessible environments.

The use of SfM photogrammetry is well understood and applied in educational settings,
therefore providing a good method for the creation of VRFs. Further applications are
necessary to evaluate the effectiveness of the integration between this method and VR to

support students in fieldwork learning.

This review presents an overview of the importance of VR in geoscience education. It was
established that VR enhances students' learning, offering immersive exploratory experiences
that promote active participation and contribute to the retention of knowledge. One

important aspect of such experiences is that VR field trips must be designed using valid
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methods for the accurate reproduction of sites. Notably, the efficiency of photogrammetry in
the reconstruction of 3D landscapes has been validated by different studies in coastal,
terrestrial, and marine applications and has been shown to be effective in producing realistic
immersive experiences. Nevertheless, several studies claimed that VR field trips cannot
replace the real experience, as their immersion and interactivity are often limited within the
virtual world. However, VR benefits a large variety of students who must face different issues
in geoscience education. The current gaps remain in understanding the broader contributions
of VR in Irish geography education, as well as identifying the most effective strategies for
implementing VR in classrooms to support student learning, enhance outcomes, and promote

inclusivity.
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2. The development of VR fieldtrips for Geoscience Curricula

Irene Loriga, Aaron Lim, Larissa Macedo Cruz de Oliveira, Therese Kenna and Mohit Tunwal

(Current status: In revision, Journal of Geography in Higher Education)

This chapter addresses the first aim of this MSc research: the development of a VR fieldtrip
(VRF) tailored to the Irish geography curriculum, and a version of this has been submitted to
the Journal of Geography in Higher Education In response to the lack of VRFs of Irish fieldwork
sites, this research explores the capabilities of current technologies to obtain high-quality
photogrammetric data to create scaled and georeferenced 3D models and to integrate these
into a VR immersive and interactive environment. This chapter outlines the activities and
expected learning outcomes of the VRF, systematically compares its capabilities with similar
projects and identifies aspects that need to be further explored. Thus, this chapter contributes
to informing future research about the available technology and data needed for VR

applications.

Candidate contributions to the study: Irene Loriga conceptualised the study, developed the
methodology, data collection, software, carried out the investigation, analyses, writing of the

original draft, review, submission and editing.

The project, which led to the work developed in this chapter, was funded by the Geological
Survey Ireland through the Masters by Research Scholarship 2023. Dr Aaron Lim, who is the

PI of the project, contributed to the funding acquisition.

Irene Loriga conceptualised the study, developed the methodology and data collection in
Garryvoe (Co. Cork) with the support of Dr Aaron Lim and Dr Larissa Macedo de Oliveira, who
also supervised the project. Irene was responsible for the processing of the photogrammetric
data acquired in Garryvoe, the creation of the 3D models and the development of the VRF.
The supervisory team additionally included Dr Therese Kenna and Dr Mohit Tunwal. These co-

authors also contributed with editing and proof-reading of the manuscript.
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Abstract

Fieldwork is a central component of geoscience education. It provides students with
significant cognitive benefits and allows them to develop essential professional skills through
direct engagement with the real world. However, recent studies uncovered the challenges and
the exclusionary dimension of fieldwork. This is particularly relevant for students with
disabilities, as well as financial and accessibility constraints. Moreover, the recent COVID-19
pandemic posed a significant threat to fieldwork globally, emphasising the need to explore
viable alternatives to enhance fieldwork accessibility. To address these issues, this project
proposes a workflow to develop VR (Virtual Reality) fieldtrips for geoscience curricula at
University College Cork. This is accomplished using UAVs (Uncrewed Aerial Vehicles) to acquire
high-resolution photogrammetric data, which are processed via Agisoft Metashape into 3D
reconstructions of Garryvoe Beach in South-East Cork. These are scaled and georeferenced
models that are imported into Unity, a cross-platform game engine, and integrated into the
3D VR environment. In this project, Unity is used to develop an interactive and immersive
“walk-through” of the fieldtrip, drawing upon its recent successful applications within the
Geosciences. This can be used as a desktop version and as a VR version for a more immersive
experience and is used to measure students' experience and the effectiveness of VR in
enhancing their field-based learning. The results demonstrate the effectiveness of employing
UAV photogrammetry in generating 3D models that retain real-world scales and display high-
quality textures, significant to fieldwork investigation and analysis. The Garryvoe VRF
complements this capability with the integration of a series of learning activities that include
multiple formats, including infographics, videos and audio materials. These elements are
combined into a multisensory, immersive experience that recreates realistic terrain features,
environmental effects, and authentic soundscapes. Limitations primarily relate to
technological challenges, hardware and software requirements and usability issues associated
with VR technology. Despite these constraints, the findings of this study demonstrate the
effectiveness of employing the proposed workflow to develop VR-based field courses for

geoscience education.
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2.1 Introduction

Geoscience is a challenging subject that combines theoretical knowledge and practical
fieldwork, requiring a distinctive set of thinking and investigative skills unique to this discipline
(King, 2008). While fundamental concepts are taught in the classroom, field experiences
provide students with the opportunity to apply these concepts and develop a number of
transferable skills that are essential for pursuing a career in the geoscience industry. Notably,
in Ireland and the UK, fieldwork has become a compulsory activity for all undergraduate
geoscience students (Boyle et al., 2009) and field experience is often a key requirement for

many geoscience employers (Mosher and Keane, 2021).

Bonello (2001) argues that skills acquired during fieldwork can be divided into two broad
categories: personal skills and technical skills which contribute to enhancing both the
cognitive and affective dimensions of students' learning (Petcovic et al., 2014). In line with
this, King (2008) identifies five educational attributes of geoscience education, suggesting that
geoscience involves retrodictive thinking, holistic system thinking and advanced spatial
thinking. Furthermore, King highlights the importance of developing a time perspective and
cultivating advanced analysis and synthesis skills. In addition, Butler (2008) claimed that
fieldwork is relevant to solving real-life interdisciplinary problems and working on self-reliance

and leadership skills.

Two relevant statistical studies by Boyle et al. (2007) and Petcovic et al. (2014) examined the
perception of fieldwork among geoscience curricula and the broader geoscience community.
Both studies revealed that the majority of participants had a positive attitude towards
fieldwork and recognised it as an essential component of undergraduate education. However,
the studies also highlighted some challenges associated with fieldwork which, according to
Boyle might reflect changing backgrounds, genders and experiences of students entering

higher education.

Higher Education Authority statistics (2024) highlight the diversity within the student
population in Irish higher education institutions. According to the data, approximately 30% of
students enter higher education through access pathways, with about 5% being mature
students. Additionally, 20% of students in higher education have a disability, and

approximately 25% of students are of non-Irish ethnicity. These figures highlight the varied
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backgrounds and needs of the student body as well as highlight potential barriers each group
might face in succeeding in higher education. This issue is heightened further by financial
pressures, as outlined in the Student Union Report on the Cost of Living in County Cork in
Ireland (Rountree, 2024). Based on interviews with approximately 3,000 students, the report
reveals that most students are struggling with rising living costs and emphasises the economic

challenges students face in covering expenses tied to higher education.

The Higher Education Act (Higher Education Authority Act, 2022) states that education has to
follow a Universal Design to ensure that it is accessible and inclusive. However, these
principles are not reflected in the broader geoscience community, which has shown low
representations of ethnic minorities and disabled students (Carlin et al., 2023; Hall et al.,
2004). This lack of inclusion is particularly evident in geoscience fieldwork, which has been
identified as an area of exclusion for historically underserved groups (Nufiez et al., 2021).
Lawrence and Dowey (2022) outlined six simple steps that can contribute to making fieldwork
more inclusive; one of the principles regards planning and ensuring that alternatives to
fieldwork are available to the students. For instance, digital resources can be made available
to enhance students' fieldwork experience, such as smartphones (Tavani et al., 2022; Welsh

and France, 2012) and XR technology (Jiménez et al., 2024; Janeras et al., 2022).

The term Extended Reality (XR) refers to those technologies that enhance the user’s
perception of the real world with digital elements (Augmented Reality) or create a computer-
generated digital environment (Virtual Reality). While Augmented Reality (AR) allows users to
display digital elements in the real-world environment (Ardiny and Khanmirza, 2018), VR
(virtual reality) allows the creation of a virtual environment where the participant is part of an
immersive experience (Al-Ansi et al., 2023). Haptic devices, such as VR controllers, allow users
to interact with the virtual world, whereas head-mounted devices provide a sense of
immersion, replicating the visual and sound effects of the real world (Dangxiao et al., 2019).
This technology can offer a viable alternative for a large number of students who face barriers

to fieldwork (Chiarella and Vurro, 2020).

For this reason, this study aims to employ SfM photogrammetry to create accurately scaled
3D models of Garryvoe Beach (Co. Cork) that can be integrated into an immersive VR-
generated environment using Unity 3D. This will enable students to interact with the
environment and perform basic fieldwork tasks. By creating an immersive VRF, this study
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seeks to create a pilot for geoscience education where VR technology can be integrated into

fieldwork and classroom learning.

2.3 Rationale: Barriers to fieldwork

Fieldwork is widely regarded as an essential component of geoscience education (Mogk and
Goodwin, 2012; Stokes and Boyle, 2009). The benchmark statement for the Earth Sciences,
Environmental Sciences and Environmental Studies (QAA, 2007) emphasises that only by
exposing students to field-based teaching is it possible to develop a satisfactory
understanding. However, in recent years, researchers have started to highlight the barriers
produced by traditional fieldwork (Carlin et al., 2023; Hall et al., 2004). These can hinder the
full participation of different groups of students, thus potentially limiting the opportunities
available to them. These barriers particularly affect students from marginalised and
underrepresented contexts. For instance, disabled students are a minority in undergraduate
courses that include a fieldwork component (Chasen et al., 2024; Hall et al., 2004). Often,
students with physical disabilities are hindered from travelling long distances or navigating
field sites where their safety can’t be ensured. Hall et al.’s (2004) study on disabled students'
experiences in fieldwork revealed that physical mobility strongly emerged as a pressing issue
when undertaking fieldwork. Additional issues include the removal from familiar
environments and support mechanisms, as well as physical well-being and information
gathering. Furthermore, they claimed that the field is both a physical and a social domain,
which can also produce social barriers. Kessel (2008) observed that the majority of students
registered with a disability experience non-visible impairments. These include epilepsy, ADHD,
mental health disorders, vision and hearing difficulties, and other chronic illnesses. These
contribute to highlighting the potential barriers that can arise in fieldwork. Financial issues are
also recognised as a significant barrier. Many higher education institutions require students to
cover the full cost of fieldwork, creating an issue for those with limited financial resources
(Abeyta et al., 2021). In addition to transportation costs, geoscience students are often
required to purchase fieldwork gear to comply with health and safety regulations. Abeyta et
al. (2021) highlighted that students from disadvantaged backgrounds find it difficult to
overcome any challenges associated with the cost of personal field gear, travel and dependent
care. Caring responsibilities pose a significant barrier to women's participation in fieldwork

(Carlin et al., 2023). The duty of looking after children and elderly family members is often
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placed on women, limiting their ability to take part in extended field trips (Hamylton et al.,

2023; Vila-Concejo, 2018).

2.4 Recent advances

The COVID-19 pandemic is a recent example of how social distancing measures prevented
students from partaking in fieldwork and acquiring essential skills as part of their degree
programs. Education was one of the worst-affected sectors, causing governments to
temporarily close higher education institutions, with over 60% of students in 144 countries
shifting from in-class to remote learning (Szyrocka et al., 2023). The E-learning system rapidly
became the new teaching method that most institutions adopted globally. This significantly
impacted courses with fieldwork components, which often had to be cancelled or redesigned.
Notably, several institutions adopted alternative methods to deliver fieldwork classes using
VR technology (Guillaume et al., 2023; Peace et al., 2021). Although these solutions were
effective in supporting students' learning, they represent only a few examples available to the

students at the time of the COVID-19 quarantine.

Pathak and Upadhyay (2024) discussed the potential of Digital Twin (DT) technology to
support academic institutions. DT is a digital set of information that describes a physical
product and links the virtual system to the physical equivalent (Grieves and Vickers, 2017).
The physical product can be replicated in software and its behaviour can be studied and
predicted (Crespi et al., 2023). Since the introduction of the DT concept by Michael Grieves in
2002 in the context of product lifecycle management, interest in its application across
disciplines has grown significantly. Along with its popularity, its definition has expanded to
encompass purely static visualisations, e.g. 3D reconstructed objects, often called “digital
shadow”, to dynamic, bidirectional links between physical and virtual environments, e.g.
DestinE. During the COVID-19 pandemic, institutions began adopting immersive technologies
such as virtual labs and immersive VRFs to address the challenges in remote teaching (Garcia-
Estrada and Prasolova-Fgrland, 2022; Garcia-Vela et al., 2021; Schulze et al., 2021). Although
there remains a debate across disciplines regarding what qualifies as a digital twin, the digital
technologies shared within the DT umbrella can make simulation-based and fieldwork
learning possible for disciplines like medicine and sciences in which expertise in real-world

processes is of fundamental importance (Choi et al., 2025; Heidarinejad and Srivastava, 2023;
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Lo and Tsai, 2022; McKnight et al., 2020). Notably, photogrammetry software enables the
creation of digital twins, or digital shadows, through workflows that generate a digital
representation of the world (Demetrescu et al., 2020; De Paolis et al., 2020). Photogrammetry
offers a highly precise method that uses high-resolution images to create accurate 3D models
of real-world objects (Borg et al., 2020). Structure-from-Motion (SfM) is a branch of
photogrammetry that provides a more automated approach in which camera positions and
orientations are solved by the automatic identification of corresponding features in
overlapping images (Westoby et al., 2012). As a result of the efficiency and low cost of this
method, its application extends to many areas, including geosciences, where it has been
employed to monitor and obtain high-quality data from geologically relevant sites (Bayley et
al., 2019; Nikolakopoulos et al., 2019; Casella et al., 2014). This method, coupled with XR, can
have great potential in geoscience education, in particular, in fieldwork applications in which
sites or features relevant to students can be recreated digitally (Zulhilmi and Hayakawa, 2025;

Harknett et al., 2021; Fink et al., 2023).

Recent advances in XR, particularly in VR, have highlighted the importance of such an
approach for 3D visualisation. Applications such as Google Expeditions and Google Earth are
already being used in various educational settings (Andrews et al., 2019). In the clinical
context, XR is applied for skills training and pre-operative planning, such as the HoloAnatomy
AR app by the Case Western Reserve University, which features holographic models of
anatomical structures (Richards, 2023). XR applications also extend to geoscience to integrate
digital models of real-world geographic data into immersive VR experiences. These allow users
to explore, experience and analyse complex geographic phenomena in the VR environment
(Coltekin et al., 2020). Within the geosciences, VR has found several applications in the field
of geological mapping, supporting data collection and analysis in remote and dangerous sites

(Marinos et al., 2025; Antoniou et al., 2020).

2.5 Methodology

For this study, a series of fiel[dwork learning activities was designed to align with the learning
outcomes that each student is expected to achieve by the end of their geoscience module.
These activities are distributed across various stops throughout the chosen site. For each

activity, data were collected and visualised within a suitable VR setting. The proposed
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methodology for data collection and processing is summarised in Figure 1. It integrates UAV
(Uncrewed Aerial Vehicles) surveys and smartphone photo collection to obtain high-
resolution photogrammetric data. The data were processed using SfM photogrammetry (via
Agisoft Metashape Professional), a method widely used in geoscience applications to obtain
spatial information on landforms (Westoby et al., 2012). The resulting scaled 3D models,
generated from overlapping offset images, are subsequently imported into Unity, a cross-
platform game engine. Unity facilitates the integration of tools, interactions, infographics and

other elements in the VRF experience.

UAV survey and photo collection

3D texturised mesh generntmn

3D emnronme nt creation

VR immersive m(panencu

Figure 1. Schematic representation of the proposed methodology, with the darker boxes
indicating the four principal stages: data collection, processing for 3D model generation, and

the import and development of the immersive VRF.

2.6 Study Area
Garryvoe Beach is part of Ballycotton Bay and is located close to the village of Garryvoe in
south-east Cork (Figure 2). The bay is characterised by two sheltered inlets, which receive the

flows of a number of small rivers. The site is of geological importance as it lies within the

19



Cloyne Syncline and rises on a bed of Carboniferous Limestone (Sleeman and Pratch, 1994).
The bay is enclosed by the Late Devonian and Carboniferous Cork Limestone and Old Red
Sandstone extending to Knockadoon Cliffs in the north and Ballycotton Cliffs in the south
(Figure 3). The Cloyne syncline was formed during the Variscan Orogeny event, which caused
the rocks in south Munster to compress, producing fold ridges (anticlines) and troughs
(synclines) with an east-west orientation. The north side of Garryvoe Beach is characterised
by sea cliffs. These extend for c. 1 km and comprise glacial deposits from the last Ice Age
(around 20,000 years ago), deposited on a raised beach. The sea cliffs display Quaternary
sediment sequences of the south coast of Ireland, mainly composed of Irish Sea Till (Hennessy
et al., 2023). To manage coastal erosion, coastal protection was introduced for a few
kilometres along the back of the beach. The Ballynamona Strand is located on the edge of
Ballycotton Village, south of Garryvoe Beach. The dune system in the area that divides the
beach from the fields is an essential part of the coast and, therefore, is classified as a protected

habitat.

(A
Garryvoe Beach

Figure 2. Location of the study area at Garryvoe Beach in south-east County Cork,
Ireland, shown on Google Earth. The inset provides a closer view of the coastal setting.
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Figure 3. Geological setting of South Cork (after Sleeman and Pratch, 1994). The bay is
underlain by Carboniferous Limestone, deposited between 355 and 290 million years ago,
which controls the bay’s configuration through inward erosion.

2.7 Data collection

Field data collection was conducted using a DJI Mavic3 UAV equipped with an onboard
autopilot and a GPS receiver. The UAV was programmed to survey a pre-defined grid optimised
for SfM photogrammetry. With the gridline flight plan, the camera is enabled to take photos
at pre-determined intervals, ensuring different levels of overlap between photos. Each aerial
image taken incorporates the GPS locations at specific points. The study site was equipped
with fixed ground control points that served to rectify the aerial images during the processing
phase. Prior to the survey, the site was divided into three areas (Figure 4), with a dedicated
flight plan for each. This subdivision allows for the collection and processing of high-resolution

data (<1 cm/pixel), which is then used to generate separate 3D models of the site. This
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approach surpasses the resolution of satellite imagery (1-30 m/pixel), producing highly

detailed 3D models that closely reflect the level of detail expected in the field.

Area 1 comprises a section of the sea cliff, measuring 0.21 km?and was surveyed via a gridline
flight path with the drone oriented 100% down-facing. Aerial imagery of the ground surface
was captured at a fixed altitude of 30 m, achieving a resolution of 0.81 cm/pixel and producing
2954 photos with 70% side overlap and 80% frontal overlap. Area 2 includes the coastal
protection and it was surveyed following the same parameters as Area 1. Area 3 comprises
the Ballynamona Strand, located south of Garryvoe Beach. The total area surveyed was 0.40
km?, and data were captured via a gridline path, 100% downward-facing drone. Imagery for
the area was captured at an altitude of 66 m and a spatial resolution of 1.79 cm/pixel. The

imagery acquired from the drone survey was significant in producing centimetric resolution

(<5cm/pixel) georeferenced 3D models of the site.

Figure 4. The images above show the subdivision of the survey site into two areas (as outlined
in picture A). Picture B shows Area 1 (red), which comprises the sea cliffs, whereas Area 2
(blue) comprises the coastal protection. These two areas were surveyed separately using two
different flight plans but with the same parameters. Picture C features the location of Area 3

in the Ballynamona Strand, situated south of Areas 1 and 2.
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While the drone was flown with autopilot for dedicated flight plans, smaller features were
surveyed via manual flight operations using an oblique or forward-facing camera angle to
better capture centimetric-scale details such as cliff texture and stratigraphic layers. These
features include a portion of the cliff face (Area 1) and a section of the coastal protection. For
finer details, smartphone cameras were used to collect data on beach sediments and close-
up images of the cliff face. Manual drone flights allowed to capture high-resolution imagery
of the cliff face, showing fine details in the stratigraphy (Figure 5). Similarly, the manual flight
operation was used to capture photos of a section of the coastal protection, allowing to record
surface details of the rocks (Figure 6). A smartphone was used to gather data of smaller
features at much higher spatial resolution. Figure 6 shows a 3D model created with
smartphone images collected with 90% overlap. The photographs obtained from the surveys
were post-processed using Agisoft Metashape (version 2.0.4). The images were aligned and
camera locations were optimised. A high-quality point cloud was generated from the aligned
images using the aggressive depth filtering setting to remove unreliable points. The point
cloud was later used to create a high-quality mesh. To create a Unity-compatible file, the mesh
was decimated from 2,000 to a maximum of 300 triangles for each 3D model, and a
compatible texture was created. Two additional textures were created for each 3D model: an

occlusion map and a normal map.

Figure 5. The two pictures show a section of the sea cliff at Garryvoe at a 1m scale. Picture A
was taken during the survey, while picture B shows the 3D model of the same section
generated on Agisoft. This appears to retain a high level of surface detail from the cliff.
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Figure 6. The image shows a portion of the coastal protection 3D model. Low-altitude manual
drone flights were used to acquire imagery of features, allowing display of fine details in the
rocks, such as the quartz veins in the limestone.

2.8 VR fieldtrip development

The Garryvoe VRF was developed using Unity (version 2022.3.1). Unity is a cross-platform
game engine that allows the creation of 2D and 3D projects for computers, consoles, and
mobile devices. The key strength of Unity is that it allows realistic graphics to be achieved
using Universal Render Pipeline (URP) and High Definition Render Pipeline (HDRP). For this
project, URP was adopted to create the VR environment. URP allows deployment of Unity
projects on over 17 platforms, including VR. The model generated in Agisoft includes GPS
coordinates from the UAV images, referenced using the WGS84 coordinate system. The model
is then converted to Local Coordinates (m) for integration into Unity. When imported into
Unity, the model maintains accurate scale, enabling true horizontal and vertical scaling. For
each 3D model, each texture file (diffuse, occlusion and normal map) was added to the Unity
settings. This serves to enhance the 3D model rendering. Once the OBIJ file output for the 3D
model is imported, the scale factor is set to 1 m, allowing Unity to preserve the real-world size

of the model, while the different textures are upscaled to match the original resolution.
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Besides having a terrain generator tool, Unity offers a range of free digital elements, known
as assets, that can be used to build a realistic 3D environment. Key features in the virtual
landscape, including sea, sky, portions of the beach and rocks, were created using Unity assets.
Specifically, the sea was implemented using the Simple Water Shader URP package, while
parts of the beach were generated using the terrain tool and enhanced with high-definition
textures sourced from the Asset Store. To enable VR functionality, it was required to
implement the XR Interaction Toolkit package (version 2.5.4). This toolkit provides a
framework for creating VR and AR experiences and includes interactor and interactable
components tied by an Interaction Manager. The interactors, such as the Ray Interactor,
handle user inputs such as selecting or pointing at objects and are enabled using the left and

right controllers, whereas the interactables are objects that interactors can manipulate with.

The VR was designed according to pre-established learning outcomes that the students have
to achieve. Based on each learning outcome, a series of activities was included at different
stops (A, B, C, D, and E). These are summarised in Table 1.

Table 1. List of Learning outcomes and corresponding activities. These are distributed across

a series of stops that students have to complete.

Stops Learning outcome Activities

Stop A Become familiar with the geology of the | Rock identification (Acid Test
area and how this affects the configuration | and Mohs Hardness Scale)

of the embayment

Stop B Sketch the important elements of the | Drone mode exploration and
physical landscape field sketch

Stop C Become familiar with the concept of coastal | Sea level simulation and tide
protection and its role slider
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Stop D Document and evaluate data through the | Analysis and measuring of a
creation of a stratigraphic log 3D model (vertical face of
the sea cliff)
Stop E Make basic interpretations of data in a field | Offshore wind farm scenario
setting project

The VRF is structured into several scenes: an introductory scene, a main scene and multiple
supplementary scenes. The introductory scene provides students with an overview of the site
and outlines the tasks to complete. This is followed by the main scene, which features 3D
models of Areas 1 and 2 within a Unity-built environment that replicates the main features of
the beach’s surroundings. This scene includes five designated stops that users can visualise
along the beach. Each stop includes activities (Table 1) and learning material in various
formats, including slides, audio clips, and videos. Users can navigate the VR experience in
“walk mode” to simulate walking on a ground surface, and in “flight mode”, which enables
users to fly above the ground. Users can easily switch from walking mode to flying mode while
completing each task. Interactions within the VR environment include basic interactions, such
as touching objects to show infographics and the use of advanced tools, like a measuring tool
for point-to-point horizontal and vertical measurements and a slider that demonstrates tidal
variations (low to high tide) at the site. Selected stops enable users to jump into
supplementary scenes to complete different tasks. These scenes include high-resolution close-
up models of different beach sections (Figure 6). These detailed reconstructions, created from

high-resolution imagery, offer enhanced visualisation of specific features.

2.9 Discussion

2.9.1 Case Study: Garryvoe Beach, Co. Cork

The VRF features five different stops, each including a number of activities. At Stops A and B,
the students' task is to identify the two main lithologies present in the area and reflect on how
these geological features contribute to the bay’s arc-shaped configuration. At these stops,
students have access to a range of tools that enable them to complete specific tasks and

achieve their learning outcomes. At Stop A, a high-resolution 3D model of the coastal
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protection allows users to observe rock surface characteristics, including colour and mineral
presence. Students also have access to written information, audio, video, and an “acid test”
tool, which enables them to distinguish between sandstone and limestone rocks. At Stop B,
students are tasked with producing detailed field sketches of the site and can fly above the
beach to record features from different angles, enabling them to visualise the shape of the
bay and reflect on how the geology affects this configuration based on the activities carried
out in Stop A. At Stop C, students examine the role of coastal protection in preventing erosion.
Here, they have access to a tool demonstrating tidal variations (from low to high tide), as well
as a video simulating conditions during a storm event at the site. At Stop D, students record a
stratigraphic log using a close-up, high-resolution model of a section of the sea cliff. Figure 5
shows a comparison between a real-world and a VR view of the sea cliff at the site. The digital
model accurately captures key geological elements, such as the change in stratigraphy
throughout the vertical section, with a strong emphasis on the colour difference between each
layer. Moreover, the presence of numerous clasts throughout the bottom layer, along with
pockets of sediments of glacial-fluvial origin, is also observable from this view. While recording
these features, students have access to a measuring tool that can provide both vertical and
horizontal measurements. In addition, this stop allows users to explore past geological
processes through infographics, audio, and a Unity-generated 3D diagram illustrating how
sediments were shaped and deposited during the last glaciation in Ireland and how this relates
to the sediments present at Garryvoe. Stop E is part of a supplementary scene in which the
Ballynamona strand (Area 3) 3D data were implemented. Here, students engage in an offshore
wind farm scenario project, where they identify suitable locations for a cable route within the
site. They apply the knowledge acquired in the previous stops and make basic interpretations
of data using measuring tools, maps, and different modes of exploration (walking and flying)

to survey the site from both below and above.

The current version of the Garryvoe VRF is compatible with Microsoft Windows 10 and 11
operating systems. It was developed and tested on a computer equipped with 13th Gen Intel®
Core™ i7-1370P (1.90 GHz) and 32.0 GB of RAM. The lowest configuration tested is a PC with
A6 9210 / 2.4 GHz and 4GB RAM. The VRF package is 13.2 GB in size and is downloaded as a
folder containing multiple packages, including the executable file required to launch the Unity

application. The fieldtrip can be accessed in VR immersive mode using the Meta Quest Link
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app via Wi-Fi connection. This allows users to connect the computer to the headsets and run
the VRF. The headsets used are Meta Quest 2 and are equipped with two controllers that
facilitate interactive engagement within the virtual environment. The fieldtrip can also be
accessed in hon-VR mode, available without the use of headsets. This version allows users to
navigate the experience using the keyboard and mouse. While this mode is less immersive, it

functions as a standalone desktop application that can be used offline.

A complete version of the VRF will be accessible via an online repository

(https://doi.org/10.5281/zenodo.15837355).

2.9.2 Comparative capabilities

Recent studies have shown the potential of using virtual reality in education. Details of each
study are shown in Table 2 from which capability comparisons can be made with this study.
The majority of the studies below have focused on developing VRFs for geoscience
applications (Bonali et al., 2024; Genge et al., 2024; Grosser et al., 2023; Harknett et al., 2021;
Tibaldi et al., 2020; Zhao et al., 2020; Chenrai and Jimahantakul, 2019; Zhao et al., 2019).

Table 2. Comparison of VRFs in geoscience and non-geoscience applications.

Publication Data processing Data outputs VR software
Structure-from-Motion 3D virtual outcrops and DEMs | Lime 2.2.2

Pugsley et al. 2022 | (SfM) photogrammetry | 360° images Google Earth Pro
360° panoramic stitching | 360° images from UAV survey | Pano2VR

Grosser et al. 2023

and digital camera

360° panoramic stitching

360-degree photos

Google Street

Chenrai and View
Jimahantakul, 2019
Bonali et al. 2024 Structure-from-Motion | 3D tiled model Unity 3D
(SfM) photogrammetry | 3D model from historical
aerial photos
Structure-from-Motion DSM and Orthomosaic from | Unity 3D
Harknett et al. 2021 | (SfM) photogrammetry | UAV surveys and GPS ground
control points
Structure-from-Motion UAVs survey for DEM Unity 3D
Genge et al. 2024 (SfM) photogrammetry | Digital camera photos
Keil et al. 2021 DEM rasterisation and | DEM and 3D models | Unity 3D
transformation (Open.NRW)
Zhao et al. 2019 LiDAR scanning and | Topographic Unity 3D

Structure-from-Motion
(SfM) photogrammetry

Satellite optical imagery
DEM (ArticDem)
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LiDAR

Zhao et al. 2020 360° panoramic stitching | Photo collection for 360° | Unity 3D
and images
Structure-from-Motion
(SfM) photogrammetry

Tibaldi et al. 2020 Structure-from-Motion 3D Digital Outcrop Models | Unity 3D
(SfM) photogrammetry | (DOMs) from UAS survey

NA SketchUp Pro 3D models LADUVR
Maghool et al. 2018
NA OpenStreetMap 3D models Unreal engine
Edler et al. 2018
Castagnetti and | Terrestrial laser scanning | 360° images Easypano
Rivola 2017 (TLS) point cloud | 3D laser scan data Tourweaver v.7.98

processing and 360°
panoramic stitching

Table 2 shows that SfM photogrammetry is the most commonly used method for data
processing. Other studies have focused on producing 360-degree panoramic photos (Grosser
et al.,, 2023; Pugsley et al., 2022; Zhao et al., 2020; Chenrai and Jimahantakul, 2019;
Castagnetti and Rivola, 2017), often integrating them with Digital Elevation Models (DEMs) as
well as 3D models (Keil et al., 2021). 360-degree panoramic images, widely used on platforms
like Google Maps, offer high-resolution, photorealistic representations of real environments,
providing an immersive and realistic experience. In addition, they have a large capture range,
reducing the number of images needed and thus limiting data processing time (Erazo-Rondinel
and Melgar, 2024). However, these images have a static vantage point, restricting the
exploration of the data to the perspective from which they were taken (Ritter and Chambers,
2022). In addition, the lack of detailed information in 360-degree images becomes an issue
when taking measurements. In contrast, SfM photogrammetry captures scene geometry,
camera positions and orientations, enabling the creation of scaled 3D models that allow for
precise spatial data and accurate measurements. This method is particularly useful for
geospatial applications, where it can gather high-resolution topographic data from large sites
(Iheaturu et al., 2020). As shown in Table 2, Unity 3D software is employed by the majority of
the studies (Bonali et al., 2024; Genge et al., 2024; Harknett et al., 2021; Keil et al., 2021;
Tibaldi et al., 2020; Zhao et al., 2020; Zhao et al., 2019). However, six studies opted for
different VR platforms. Pugsley et al. (2022) developed their VRFs of Utah and the Pyrenees
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using Lime (version 2.2.2) and integrating virtual outcrops and DEMs in the VR environment.
This software allows for additional interaction through lines (for mapping and measuring), 2D
information panels, 3D planes, and points (used as place markers or to access links). In
addition, Custom views help to build a storyline through the VRFs. Grosser et al. (2023) used
Pano2VR Pro to create an interactive virtual tour from 360-degree photos and videos,
incorporating hotspots with infographics, videos, links, and audio. Similarly, Chenrai and
Jimahantakul (2019) used Google Street View to display 360-degree photos during the VRFs,
allowing users to view and analyse the photos along with associated infographics. Castagnetti
and Rivola (2017) employed the software Easypano Tourweaver (version 7.98) for their
Archaeological VR project, which integrates 360 panoramic images and 3D models. Hotspots
and symbols are used to represent points of interest which users can access to obtain

supplementary information.

One study by Edler et al. (2018) adopted Unreal Engine as a VR software. Unreal Engine is
considered the leading engine in realistic visualisation, vegetation, and terrain creation (Smid,
2017). Like Unity, Unreal Engine offers a variety of tools for creating interactive content across
platforms and devices (Morse, 2021). Edler et al. (2018) developed an interactive cartographic
Virtual Reality environment featuring a 3D map of an urban area with buildings modified and
texturised in Blender, allowing for unique surface textures and a more realistic appearance.
Different from the other studies, Maghool et al. (2018) developed a VR experience using
LADUVR. This integrated 3D models of buildings and architectural components using SketchUp
Pro for Windows. The authors relied on SketchUp materials and shapes to produce replicas of
real-world structures. This VR application was designed for architectural education, allowing
users to carry out in-depth observation of architectural details, complete a step-by-step house
building simulator and construct architectural details using materials provided in the VR

simulation.

While the above-mentioned game engines have shown advanced capabilities, Unity 3D
remains a common choice, excelling in interaction implementation and graphic capabilities.
Our VRF and those from Bonali et al. (2024) and Tibaldi et al. (2020) display the most user
interaction. Both enable users to explore the VR field site using different navigation modes

(walk, drone and flight modes) and allow for vertical and horizontal measurements.
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Bonali et al. (2024) integrated various capabilities into three VRFs developed for different
locations: Mt Etna (Italy), Eastern Iceland and Northern Iceland (rift zone). Besides having
different navigation modes and measuring tools, the VRFs include GPS tools and data
collection tools. The GPS tools enable users to record both location and elevation and add
waypoints that can be exported. In addition, the VRF integrates a tool that enables users to
collect field survey data such as notes, photographs, and measurements that can be exported
as different shapefiles. Similarly, Tibaldi et al. (2020) integrated a different range of tools for
measuring distances and features, as well as recording parameters that are customized to
meet the needs of geologists in the field. Two other studies from Genge et al. (2024) and
Harknett et al. (2022) also integrated different navigation modes and measuring tools in their
VR projects. The latter also added immersive elements to their VR field trip. These, as in the
Garryvoe VRF, evoke the sounds and images that are found in the real world. For instance, the
water shader is used to show the water’s surface and the wave motion; the grass, the trees,
and the sound emitter to play footsteps as the player moves are all integrated into these two
fieldtrips. These contribute to conveying a sense of reality and immersion and producing
stronger effects in the VR experience (NewMan et al., 2022). The Garryvoe VRF complements
the technical capabilities found in other VR studies by incorporating sensory realism and
immersive engagement. This is combined with detailed spatial modelling, aligning with the
growing trend in VR educational design towards experiences that prioritise both high-quality

data and immersive realism.

2.9.3 Synopsis: Strengths, Weaknesses, and Upgrades

The Garryvoe VRF demonstrates the capability of displaying a three-dimensional field site that
integrates learning activities in an immersive environment adapted for geoscience fieldwork.
This compares favourably with the other VRFs developed for educational purposes (Table 2).
A key strength of the Garryvoe VRF is its ability to display a field site using high-resolution,
scaled 3D models. Users can explore different sections of the field site with detailed 3D
reconstructions, facilitating the analysis and completion of specific tasks. This is essential
when users are required to analyse smaller features, such as sediments or analyse the
stratigraphic layering. To achieve this, 3D models must be produced at a millimetre scale.
While most advanced drones can capture high-resolution images (4K-3840 x 2160 pixels), their

flight plan is restricted to altitude limitations, which can impact the overall spatial resolution.
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In contrast, smartphones equipped with high-resolution 4K cameras can be used to generate

smaller, highly detailed 3D models.

Additionally, the Garryvoe VRF is a highly interactive field learning exercise. It incorporates
real-world fieldwork interactions (Acid Test and measurement tasks) and VR-specific features
(tide-level slider) to simulate what-if scenarios like coastal flooding and climate change. These
interactive simulations provide valuable insights into site processes and potential future
threats. Combining these elements, alongside auditory and visual effects, creates a more
immersive experience. By replicating real-life sounds and imagery, the VRF offers a more
authentic fieldwork environment. The integration of images, audio, and text in the Garryvoe
VRF supports diverse learning styles. Interactive diagrams, videos, images, and audio can be
beneficial to students who learn best through visual or auditory methods, making complex

concepts more accessible.

In terms of accessibility, the VRF allows students with mobility impairments to access the VRF
without having to face the risks associated with fieldwork. They can move freely around the
VR environment and complete the experience without restraints. This is also valid for other
groups with accessibility constraints, such as students with financial issues, illnesses and
caring responsibilities. In fact, the use of the VRF is free of cost and can be accessed by

students in the university or at home.

However, a significant limitation of the Garryvoe VRF is the reliance on computers with
moderate to good processing power and moderate graphics capabilities. For example, the
Meta Quest Link PC app requires a minimum of an Intel i5-4590 or AMD Ryzen 5 1500X
processor—hardware that is typically not found in lower-end systems. Additionally, the high-
resolution 3D models used in the VRF require substantial asset size, which may lead to
overloading delays on less powerful devices. One potential solution is the adoption of a virtual
reality desktop infrastructure or VDI (Pugsley et al., 2022). VDI allows the VRF to be hosted on
a central server that acts as a terminal, enabling students to access it remotely, regardless of
their device’s processing power and graphics. This infrastructure has been widely used in
education to enable remote access (Al-zoubaidi et al., 2021). Similarly, Miseviciene et al.
(2012) highlighted the use of VDI to provide easy access to staff and students to projects and
courses that might not be supported on their personal computers. Another cloud-based
alternative is CloudXR, a technology that processes virtual scenes on the remote server
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(Liubogoshchev et al., 2021). This server converts the VR scene into a real-time video stream,
transmitting it frame by frame to an XR headset. The headset can capture the user’s motion
via sensors and send the control commands to the server. This receives the commands and

responds to them in real time.

Another limitation associated with the use of this VRF is the potential for motion sickness
experienced by some users while navigating through the VR environment. This response can
result in discomfort, disorientation and nausea, which may discourage students from fully
engaging with or completing the VR experience. One potential solution to mitigate this issue
consists of limiting the VR simulation to a short amount of time and allowing users to complete
it at different intervals while sitting down. In this way, participants can proceed at their own
pace without compromising the overall educational value of the experience. While this VRF
does not require prior expertise in VR technology, it may nonetheless present challenges for
students who are less familiar with VR equipment and interface controls. This can potentially
affect the overall learning experience and may discourage some students from fully engaging
with the technology. To mitigate this, during the VR simulation, students are encouraged to

become familiar with the technology and learn its controls.

This project offers a number of opportunities both within the academic context and in broader
and professional settings. Primarily, this VRF has significant potential to support a wide array
of institutions, national and international, by providing a platform for student fieldwork
training and for fostering a deeper understanding of the Irish landscape. This VRF integrates
basic fieldwork activities with learning material related to the geology and environmental
aspects of the site. It can be used by educators as either a pre-departure exercise or as a post-
fieldwork debrief activity, both of which can enhance students’ retention of field-based
knowledge and skills. Importantly, this VRF can be adapted across multiple educational levels.
At the secondary level, it offers an innovative resource for introducing students to geosciences
and the fundamentals of fieldwork while being useful in guiding students toward potential
careers. As Gunderson et al. (2020) claimed, technological skills will be the foundation for the
next era of geoscience innovation and for this reason, this VRF can be beneficial to a large
number of institutions outside of UCC, national and international, that are willing to integrate
digital technologies to train students in fieldwork. In addition, this project holds considerable

value for initiatives such as DEIS (Delivering Equality of Opportunity in Schools) in Ireland. DEIS
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is a government-funded program that aims to promote equality within the educationally
disadvantaged groups within the school system (Department of Education, 2024). The use of
a VRF can be relevant to this program, offering a cost-effective and accessible means of
engaging with field-based learning experiences, thereby mitigating barriers to participation

and enhancing educational outcomes.

This study offers an opportunity to train students in acquiring their data and presenting their
work in VR format. Notably, the workflow adopted for this project demonstrates that effective
data acquisition does not necessarily need specialised equipment; rather, it can be conducted
using standard devices such as digital cameras and smartphones. Moreover, Unity 3D is a free-
access game engine that requires minimal knowledge in programming and interface
navigation, making it easy for users with different levels of technological expertise to develop
their own VR experience. It also offers complete online documentation and tutorials, which
guide users through data import and command implementation. While Agisoft Metashape
Professional is a commercial software application that requires a license to fully function, it
provides a 30-day trial with full functionality that enables users to process and export data
without limitations. This offers an opportunity for students to gain hands-on experience with

data acquisition, analysis, and presentation while promoting active learning.

Beyond academic applications, the VRF holds considerable importance for professional
training across a variety of sectors (Narciso et al., 2021). It can be used to prepare practitioners
in fieldwork practices, providing a cost-effective and risk-free environment in which to explore
site challenges. The coastal focus of this VRF can support research on issues related to climate
change. For instance, the VR setting can support studies on landscape transformation along
Ireland’s southern coastline. This not only supports research but also aids in public

engagement and policymaking by making complex changes more visually understandable.

Further improvements to the Garryvoe VRF can be achieved through additional upgrades.
Unity offers a VR Multiplayer Template that includes pre-installed packages essential for
developing multiplayer VR experiences. This feature can be beneficial to students participating
in the same fieldtrip. The multiplayer mode enables them to cooperate and achieve their
learning objectives (Komscha, 2024). Moreover, multiplayer VR environments have been
shown to increase user engagement and social interaction (Firmansyah and Rosmansyah,
2024), which are crucial aspects of fieldwork-based learning. However, this feature requires a
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higher processing power than a single-player VR experience, potentially leading to challenges

with player synchronisation and 3D environment rendering.

2.9.4 Value and Limitations of the Garryvoe VR Fieldtrip

Research has shown the growing application of VRFs in education, particularly in the
geosciences. SfM emerges as the most widely employed data processing method in the
development of VRFs, thanks to the ability to generate 3D models by capturing accurate
spatial geometry (Westoby et al., 2012). Because real-world scales and geographical
coordinates are preserved in the 3D models, SfM photogrammetry enables users to conduct
guantitative analyses and record different types of measurements. This capability makes it an
important method when combined with VR in the development of immersive educational
experiences, especially in the field of geoscience, where spatial relations are an essential
component of fieldwork learning (Mogk and Goodwin, 2012). The Garryvoe VR enhances this
approach by integrating UAV photogrammetry with smartphone photogrammetry, obtaining
millimetre-scale resolution of smaller features within the site. These combined resolutions
allow for detailed examination of features such as rocks and sediments. The Garryvoe VRF
successfully integrates diverse navigation modes, tools, interactions, and simulations within
five different learning stops. Furthermore, it provides an immersive experience in which the
addition of sensory elements such as nature sounds, realistic water shaders and terrain
textures aims to closely resemble real-world settings. A significant strength of the Garryvoe
VR fieldwork is its emphasis on interaction and structured learning. Students are presented
with a number of guided activities with tasks to complete, with each supported by various
multimedia formats, including audio, videos and slides that seek to accommodate different
learners in support of inclusive learning. The VRF offers substantial benefits in overcoming
barriers associated with fieldwork. Specifically, it provides an alternative activity for students
who, more generally, face mobility, health, and financial constraints. Importantly, it can
benefit inclusive educational initiatives such as DEIS in Ireland by offering a cost-effective and

equitable approach to learning.

Despite these strengths, several limitations must be acknowledged. While the Garryvoe VRF
provides remote access to users, it heavily relies on computers with moderate to high

processing and graphics capabilities. This can significantly disadvantage students who are only
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able to complete the VR field course outside the university and do not possess such devices.

Potential issues in the performance of the VRF might exacerbate this issue.

In terms of barriers related to the usability of the VRF, user comfort might limit students' ability
to fully engage with the technology. Motion sickness is also a well-known effect of using VR
technology (Burke et al., 2025; Sofiadin, 2024). Students unfamiliar with VR interfaces may
initially experience difficulty navigating the environment, which might negatively impact their
learning experience. Finally, while the VRF attempts to incorporate some sensory aspects of
fieldwork, it fails to fully reproduce the social dimensions of traditional field experiences.
These, including peer collaboration, discussions, and feedback, are limited in a single-user VRF

and that can’t be fully captured using a multiplayer VR alternative.

This project demonstrates the use of UAV photogrammetry to generate accurately scaled 3D
models of Garryvoe Beach and integrate them into an immersive VR environment employing
Unity 3D. The resulting VRF functions as an educational tool designed to support geoscience
students through pre or post-fieldwork exercises or as a potential alternative where physical
fieldtrip access is limited. This approach supports active learning in a VR setting where
geospatial accuracy is ensured. Future work will aim to address the existing technical
limitations, including the high system requirements needed to run the VRF. Expanding users'
accessibility will be essential to ensure broader inclusivity across different educational

settings.
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3. The Impact and Implementation Strategies of VR Fieldtrips in Geoscience
Education

Irene Loriga, Aaron Lim, Therese Kenna, Larissa Macedo Cruz de Oliveira, and Mohit Tunwal

(Current status: In review to the Journal of Geography in Higher Education)

This chapter seeks to fulfil the second aim of this MSc research project: to assess the impact
and effectiveness of the VR fieldtrips (VRFs) described in chapter 2 in support of student
learning. This chapter systematically addresses the existing challenges in the geography
fieldwork and presents the first case study in Ireland for the implementation of a VRF in 3™
level geography education. Students participated in the VR experience at Garryvoe Beach
either before, after or in place of fieldwork, undertaking their fieldwork digitally, interacting
with the VR environment and completing the activities. This study highlights the cognitive
gains and the experience of students relative to the use of VR technology as a preparation,
reflection or alternative to fieldwork. Thus, this chapter contributes to informing future
research about the impact of VR in geography education and its broader implications for

inclusion.

Candidate contributions to the study: Irene Loriga conceptualised and developed the
methodology of the study with Dr Aaron Lim. Irene Loriga carried out the data collection,

investigations, analyses, writing and editing of the original draft.

The project, which led to the development of this chapter, was funded by the Geological
Survey Ireland through the Master's by Research Scholarship 2023. Dr Aaron Lim, the Pl of the
project, contributed to the funding acquisition. Dr Therese Kenna and Dr Maedhbh Nic
Lochlainn were responsible for organising the fieldwork day in Garryvoe, with the
contributions of Irene Loriga and Dr Aaron Lim. Irene Loriga organised and carried out the VR
field course and was responsible for the data collection, analysis and interpretation. The

project was supervised by Dr Aaron Lim, Dr Therese Kenna, Dr Larissa Macedo de Oliveira and
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Dr Mohit Tunwal. These authors also contributed with editing and proof-reading the

manuscript.

Abstract

Fieldwork is a cornerstone of geographical education. However, existing barriers to fieldwork,
such as accessibility and financial constraints, can hinder students' ability to fully engage in
field-based learning as well as compromise inclusive education for all students. To address
these barriers, recent technological innovations offer valuable alternatives through the
creation of digital replicas of field sites. For this reason, the present study explores the use of
a Virtual Reality Fieldtrip (VRF) of Garryvoe Beach (Co. Cork, Ireland), designed for
undergraduate geography students at University College Cork (UCC). The aim is to evaluate
the effectiveness of VR as a tool to support and enhance students’ field-based learning and
experience in using such a VRF. For this purpose, we combine quantitative data from a field
worksheet with qualitative data gathered through reflective statements, with the aim of
assessing students' performance and students' experience with the VRF. Results following the
implementation indicate that students reported having a positive learning experience when
the VRF was used. Findings suggest that VR is particularly effective when implemented prior
to traditional fieldwork, helping students to become familiar with the site, introducing new
concepts and preparing for field tasks. Post-fieldwork use also demonstrated benefits in
enhancing learning, serving as a debriefing activity aimed at strengthening key concepts. The
use of VR was also explored as an alternative method when fieldwork participation was not
possible. Despite the fact that positive outcomes were reported by the students they also
emphasised the limitations of VR technology in the display of a real-world setting and the
development of key fieldwork skills. Importantly, the study does not propose VR as a
replacement for real-world fieldwork, but rather as a complementary tool that can support
student learning before, after, or in place of fieldwork when participation is not otherwise

possible.

3.1 Introduction
Digital technology has significantly transformed the way students learn in a classroom setting,
with educational applications increasingly used to support and enhance student engagement

(Haleem et al., 2022). One area where digital tools are making a substantial impact is
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geoscience fieldwork, a core component that requires physical presence in the field. Field-
based learning plays a crucial role in promoting active learning and helping students gain
fundamental skills in observation, analysis and problem solving (Krakowka, 2012; Kwan and
So, 2008). Although valuable, fieldwork can present barriers to participation due to financial
limitations, physical disabilities, and accessibility challenges (Hall et al., 2004; Abeyta et al.,
2021; Carlin et al., 2023). In addition to these, several other issues tend to hinder students
from fully engaging in the field training. Kessel (2008) refers to invisible disabilities such as
epilepsy and mental health issues, while Bond and Cawood (2020) explain that practical
concerns such as weather conditions, safety and students' inexperience in fiel[dwork can affect

personal comfort and interactions with peers and instructors.

In the Irish context, where the case study for this paper is located, a recent profile of students
with a disability in higher education in Ireland that responded to the Equal Access survey
revealed that about 17.8% of undergraduate entrants reported having a disability. Learning
Conditions (37%) and Psychological or Emotional Conditions (31.2%) appeared to be the most
common disabilities. Mature students prevailed among those students with multiple
conditions (13.7%) and physical conditions (11.2%) (Higher Education Authority, 2023).
Financial constraints are also becoming a pressing issue in fieldwork participation. According
to the Irish Independent (2023), the proportion of Irish undergraduates facing serious financial
issues rose from 26% in 2019 to 33% in 2023, with these difficulties negatively impacting
students’ social and academic lives. Therefore, the growing diversity of learners and their
needs highlights the importance of providing inclusive, accessible, and equitable learning

opportunities.

Inclusive education, according to Slee (2018), involves the dismantling of barriers to education
through any policy, program or practice that increases access, presence, participation and
success for all students in education. It is considered a continual effort within our dynamic
contexts to redistribute quality learning opportunities and challenge exclusionary practices
(Waitoller et al., 2013). A key aim of inclusive learning is to recognise and value diversity in
education, disposition, circumstances and culture (Thomas and May, 2010) while considering
how these characteristics intersect. This aim seeks to create a learning environment that
celebrates a diversity of learners and engages them effectively in their learning experiences

(Moore-Cherry et al., 2016). Following the United Nations’ Salamanca Statement in 1994, the
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concept of inclusive education has gained global importance, declaring that inclusive schools
are the most effective means of reducing discrimination, fostering social inclusion, and
ensuring education for all (Messiou, 2017; Lindsay, 2003). Since then, educational institutions
worldwide have explored ways to enhance equity and remove barriers (Lawrence and Dowey,
2022; Juvonen et al., 2019; Arthur-Kelly et al., 2013; Rouse, 2006). University College Dublin
(UCD) has devised an Assessment for Inclusion (Afl) Framework with the main aim of providing
equitable assessments that enable all students to enhance and demonstrate their learning.
This framework includes 10 design principles, which serve as guiding statements for inclusive

and equitable assessment.

Recent advances in technology have led to the exploration of XR as a tool for promoting
inclusion in higher education (Hamash et al., 2024; Gatto et al., 2022). XR technologies either
enhance (AR) or replace (VR) the user’s perception of the real world. Augmented reality (AR)
overlays digital information onto the physical environment, while Virtual Reality (VR) creates
fully simulated environments using computer graphics (Burdea and Coiffet, 2003), enabling
users to interact through haptic devices such as controllers. Because of this differentiation,
the core characteristics of VR contrast significantly from those of AR and include interactivity,
immersion, and (tele)presence (Wohlgenannt et al., 2020). The head-mounted displays
(HMDs), used to visualise the VR environment, were initially designed for gaming; however,
their usage has been broadened to different areas such as job training, tourism,
manufacturing, marketing and healthcare (Rauschnabel et al., 2022). In geoscience education,
VR has been effectively combined with Structure-from-Motion (SfM) photogrammetry to
produce immersive VRFs. These experiences employ georeferenced and scaled 3D models of
real-world sites. Despite known limitations, such as the inability to fully replicate the true
immersion in the real landscape and physical outdoor environment, VRFs offer a realistic and
accessible alternative to on-site fieldwork, which can significantly improve the learning
process (Pugsley et al., 2022; Bonali et al., 2024; Tibaldi et al., 2020) and can also facilitate

remote access to otherwise inaccessible locations (Vandelli et al., 2024).

The COVID-19 pandemic further accelerated the adoption of digital fieldwork alternatives due
to social distancing restrictions (Garcia-Morales et al., 2021). Although rushed, many solutions
enabled remote access to field sites and allowed students to perform basic tasks. Several

studies showed the effectiveness of using XR as a result of the pandemic lockdown, in
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particular VR, to recreate fieldtrips experiences (Garcia-Vela et al., 2020; Evelpidou et al.,
2021). The findings emphasised the key role of VR technology in enhancing students'
understanding of concepts and performing highly technical tasks adequately. However, the
main drawbacks identified included the inability to achieve learning outcomes and the

limitations in capturing students’ attention throughout the simulation.

Research into digital approaches to fieldwork highlights both the potential and the limitations
of these methods. Whitmeyer et al. (2020) demonstrated that real-time video, imagery, and
specialised field applications were successful in providing access to field sites and promoting
collaborative inclusion among participants. Hill and Nelson (2021) emphasised the value of
podcasts as additional resources that support revision and assessment, particularly for visual
learners, while acknowledging that such tools cannot fully replace fieldwork experiences.
Similarly, Wang et al. (2023) on the use of VR technology, argued that it fails to replicate the
experiences that come from interaction with the physical environments and interaction with
peers (Garcia et al., 2023). Nonetheless, research indicates that it can foster inclusion by
supporting the development of cognitive skills in students with Autism Spectrum Disorders
(Silva et al.,, 2025) as well as increasing motivation and helping students visualise and
understand abstract and complex concepts more effectively (Alazmi et al., 2024; Hicks, 2016).
Furthermore, it has proven effective in fostering critical thinking, enabling students to

investigate and evaluate digital representations of place and space (Bos and Bull, 2022).

Considering the potential of digital technologies, in particular VR, in enhancing learning and
fostering inclusion, we developed a VRF of Garryvoe Beach, County Cork (Ireland) using
photogrammetric data and Unity as a VR platform. This VRF was designed to complement
fieldwork undertaken by second and third-year students as part of their fieldwork module.
Through a combination of quantitative and qualitative research methods, this study aims to
determine: what impact can VRF have on geoscience third-level education; how should VRF

be best implemented and to what extent, if any, can VRFs allow students to replace fieldwork?

Understanding the impact that VRFs can have on 3™ level geography education will enable
educators to contextualise whether or not their use has any beneficial or detrimental impact
on student learning. Importantly, evaluating the use of the VRF either as a preparatory tool
before fieldwork or as a reflective activity afterwards will provide a clear understanding of the
effectiveness of each approach in supporting students’ field-based learning and experience.
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Furthermore, investigating the advantages and limitations of VR technology will help
determine the extent to which VRFs might replace on-site fieldwork, while also providing

insight into the broader implications for promoting inclusivity within geography education.

3.2 Garryvoe fieldtrip and learning outcomes

The implemented VRF features Garryvoe Beach, located in south-eastern County Cork.
Designed following the workflow outlined by Loriga et al., 2026 (In revision) (Figure 7), the
VRF showcases a coastal site of particular relevance to undergraduate geoscience education
due to its distinctive geology and active coastal processes. Situated within the Cork Syncline,
the area is underlain by Carboniferous Limestone (Sleeman and Pratch, 1994), which
contributes to the bay’s characteristic arc-shaped form. The site provides clear evidence of
coastal erosion, visible in the retreating sea cliffs to the north and the coastal protection

structures along the southern shoreline.

The site was surveyed using UAV data, photographs and videos. These data were processed
using Structure-from-Motion (SfM) photogrammetry to generate high-resolution 3D models.
The resulting models were imported into Unity (version 2022.3.1), a cross-platform game
engine, to build the immersive VRF environment. The VRF addresses topics such as coastal

geomorphology and sea level changes.

The field day is structured into different activities that take place along the beach. Students
are guided through five stops where they are asked to carry out tasks and report their
observations and findings in a worksheet. Learning outcomes are associated with each stop
(as outlined in Table 3) and they define what students are expected to achieve at the end of
each activity. The fieldtrip aims to help students understand how the geology of the area
influences the configuration of the bay and how active coastal processes are shaping the site.
To do so, students are expected to apply their observational, analytical and sketching skills
throughout the fieldtrip. At Stops A and B, they have to distinguish between the two main
lithologies present in the area and reflect on how these geological features contribute to the
bay’s arc-shaped configuration. At Stop C, students examine the role of coastal protection
measures in preventing erosion. At Stop D, they record a stratigraphic log and explore past
geological processes. Finally, at Stop E, students engage in an offshore wind farm scenario

project, where they have to identify suitable locations for a cable route within the site.
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The Garryvoe VRF is a complementary activity that students carry out before, after or instead
of their on-site fieldwork. It is structured into different scenes, and it includes similar activities
to the actual fieldtrip in a digital format, that students must complete to develop skills and
achieve their learning outcomes (Table 3). The experience includes introductory slides, videos,
audio clips, and tools for making horizontal and vertical measurements which the students
engage with at each stop. Users can navigate the environment by either walking through the
site or surveying it from above using “flight mode”. The VRF is accessible through Meta Quest
headsets via the Meta Quest Link app. For the implementation stage, the VRF was made
available to students through the tutor's laptop and the UCC Meta Quest 2 headsets. A
desktop alternative (non-immersive) was also developed and made available to accommodate
students who experience motion sickness and to help mitigate some of the barriers associated
with immersive VR technology (Creed et al., 2024). Further details on the Garryvoe VRF are

comprehensively described in Loriga et al. (2026) (In revision).
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Figure 7. The images show high-resolution 3D reconstructions of the sea cliff (top) and coastal
protection structures (bottom) at Garryvoe Beach. The models were generated from low-
altitude manual flights, achieving centimetre-scale detail that improves the visualisation of
key surface features. The sea cliff model highlights colour variations between stratigraphic
layers and sediment distribution along the vertical profile, while the coastal protection model

captures fine-scale rock textures and structural detail.
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Table 3. The Garryvoe VRF stops and learning outcomes.

Stops Learning outcomes Activities

Stop A Become familiar with the geology of the | Rock identification (Acid test
area and how this affects the configuration | and Mohs Hardness Scale)
of the embayment

Stop B Sketch the important elements of the | Drone mode exploration and
physical landscape field sketch

Stop C Become familiar with the concept of coastal | Sea level simulation and tide
protection and its role slider

Stop D Document and evaluate data through the | Analysis and measurement
creation of a stratigraphic log of a 3D model (vertical face

of the sea cliff)

Stop E Make basic interpretations of data in a field | Offshore wind farm scenario

setting project

3.3 Study Participants

The VRF was tested on geography students enrolled in the Geography Fieldwork module at

UCC (GG2022) following the project's ethical guidelines (see Appendix I). The diverse student

population included students with mixed backgrounds who are in the 2" year of their BA

programme. Typical enrolment in this fieldwork module ranges from 30 to 40 students.

A total of 40 students were enrolled in the fieldwork module in 2023-24. Of those 40 students,

16 volunteered to participate in the research and test the VRF. Within the participant group,

5 students were selected as a control group, and 11 students formed the experimental group,

most of whom had no prior experience with VR technology. For this study, the experimental

group was further divided into 3 subgroups based on when they completed the VRF: before,
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after, or instead of the physical fieldwork (Table 4). Dividing the class into three smaller groups
allows some students to use the VRF as a preparatory tool before the field trip, enabling them
to access all the learning material and complete the activities ahead of time. The VRF s also
used by some students to reflect on their fieldwork experience, and can strengthen their
understanding of topics covered during the fieldtrip. In addition, the VRF is used by students
who are absent on the day of the fieldtrip, providing an alternative to help them achieve the

same learning outcomes.

Table 4. The table below categorises participants into four groups. Group 1 is the students
completing the VRF before the fieldtrip. Group 2 is students completing the VRF immediately
after fieldwork, and Group 3 comprises students using the VRF as a substitute for on-site
fieldwork. Group 4, the control group, is formed of students who don’t participate in the VRF

experience and only carry out fieldwork at the site.

Groups Total participants Female Male
Group 1- VR before | 6 2 4
Group 2- VR after 4 3 1
Group 3- VR only 1 1 0
Group 4- Fieldwork | 5 3 2
Total: 16 9 7

3.4 Assessment: Quantitative and Qualitative Methods

Students’ performance is assessed through a series of structured activities outlined in a
worksheet (Table 3). These activities are organised across five distinct stops, each designed to
build specific skills and knowledge. Students who completed the VRF before entering the field
were given a sample worksheet to consult during all the stops, while the other students only
received the worksheet during the actual fieldwork. At every stop, students were guided by
their tutor and introduced to the activity with a brief overview. The fieldwork begins at Stop
A, where students encounter a coastal protection structure composed of large, stacked
boulders. Here, students are tasked with identifying the lithology of these rocks through a
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series of observational tasks, which involve using the Mohs Hardness scale. This exercise helps
them distinguish between sandstone and limestone and provides an introduction to the
geology of the site. At Stop B, students develop their field sketching skills by producing two
annotated sketches of the site. As part of this stop, students must identify key elements and
reflect on the beach's configuration. Stop C revisits the coastal protection structure. Here,
students are asked to deepen their understanding of the concept of coastal protection and
reflect on its role at the site. At Stop D, students examine the sea cliffs located on the northern
side of the beach. They analyse a vertical section of the cliff face and record their findings in a
stratigraphic log, enhancing their understanding of sedimentary structures. The final activity,
at Stop E, shifts focus to an environmental planning scenario. Students use their observations
from the beach and the surrounding area to design a cable route for offshore wind farms.
Here, students are involved in surveying the terrain and determining an appropriate path for
the cable route. Students who completed the VRF after the fieldwork had the opportunity to
review and revise their worksheet while revisiting all the stops in the virtual environment.
Performance at each stop was evaluated using an assessment rubric. This rubric defines clear
criteria for achieving learning objectives and outlines performance levels ranging from
"attempted” to "excellent”, which correspond to decimal grades ranging from 40%
(attempted) to 100% (excellent). These scores are later used to calculate the mean

performance for each group.

Students’ experience is assessed based on the use of a reflective statement. Students who
completed the VRF are asked to complete the reflective statement (Appendix Il) at the end of
their fieldwork. The reflective statement consists of two parts: part one features a Likert scale
(rating from 1 to 5) with various statements regarding the VR experience. Part two includes
six open-ended questions inviting students to share feedback on how VR supported their
learning. This set of questions is intended to evaluate students' experience using VR to: i)
support their learning, ii) enhance visualisation and understanding of geological phenomena,

iii) address challenges and iv) assess applicability.
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3.5 Data analysis and results
Out of 40 students, 25% of the class chose to participate in the use of the Garryvoe VRF. The

participants were divided into four groups (see Table 4):

e Group 1: Six students who completed the VRF before doing the fieldwork.
e Group 2: Four students who completed the VRF after the fieldwork.
e Group 3: One student who completed the VRF instead of the physical fieldwork.

e Group 4: Five students who did not complete the VRF (control group).

3.5.1 Students' performance and experience on the use of VR pre-field trip

Worksheet evaluation results (Table 5) revealed that Group 1 scored the highest average
(mean 54.83%) and median (55.20%) with a low standard deviation (0.051). These results
showed that students had a consistent performance and were able to achieve their learning

outcomes.

To assess students' experience, the Likert scale used a rating scale of 1 to 5 with 1= strongly
disagree, 3= neither agree nor disagree, and 5= strongly agree; Results from this scale, shown
in Figure 8, revealed a positive experience from students who completed the VRF. The
students from Group 1 expressed a slightly better experience than those who did it after
fieldwork, scoring 5 (strongly agree) and 4 (agree) in most statements in favour of the use of

VR (Figure 8).
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Chart Title

Q8. The VR fieldtrip is a good alternative to fieldwork

Q7. It improved my ability to remember key topics studied during class

Q6. It enhanced my knowledge of topics studied during class

Q5. The VR experiencence was more engaging compared to classroom
learning

Q4. | found the use of VR challenging

Q3. The technology was easy to use

Rating scale
Q2. The instructions were clear
1. Strongly Disagree
2. Disagree

3. Neither agree or
disagree

4. Agree

5. Strongly Agree

Q1. The VR fieldtrip was easy to access

o
[
N
w
I
w
(2]

M Group 1- VR before fieldwork M Group 2- VR after fieldwork B Group 3- VR only

Figure 8. Results from the Likert scale analysis of students’ reflective statements are
presented, using a Likert Scale ranging from 1 (strongly disagree) to 5 (strongly agree). Overall,
students reported a positive experience with VR, with particular reference to engagement,
usability and skills development, with no particular issues encountered employing the

technology.

Part 2 of the reflective statement involved six open-ended questions whose answers are
reflected in Figure 8.Figure 8. Results from the Likert scale analysis of students’ reflective
statements are presented, using a Likert Scale ranging from 1 (strongly disagree) to 5 (strongly
agree). Overall, students reported a positive experience with VR, with particular reference to
engagement, usability and skills development, with no particular issues encountered
employing the technology. Students who completed the VRF before visiting Garryvoe (Group
1) generally agreed that VR worked as an effective preparation. They reported that engaging
with the VR experience before fieldwork allowed them to easily absorb the learning material,
resulting in building a solid foundation of knowledge before carrying out the activities and

faster work during the actual fieldwork. As two students noted:
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“] felt more prepared during fieldwork, and | worked faster; | understood tasks much better.”

(Participant 1, Group 1).

“It gave me time before the fieldwork to absorb and digest the information that we would be

discussing in Garryvoe. Knowing the topics was very handy” (Participant 2, Group 1).

“Knowing what things would look like and how big they'll be helped my expectations”.

(Participant 2, Group 1).

Students also highlighted that VR helped them visualise geological features and understand
their scale, which improved knowledge retention. Students emphasised that increasing the

exposure to the field area, even digitally, was perceived as beneficial:

“Doubling up on the amount of exposure to the study areas helped me to retain more

information”. (Participant 2, Group 1).

Many also saw value in VR as a preparation tool for future field trips and as an alternative to
cancelled fieldwork. Some suggested VR could increase access to both Irish and international
field sites. However, technical limitations were mentioned. While some found VR technology
easy to use, one student described having trouble getting familiar with the commands,

whereas others reported poor performance, which caused delays in completing all the stops.

3.5.2 Students' performance and reflections on the use of VR post-field trip
Worksheet evaluation revealed that this group had a lower average (46%) and median (45%)
with a moderate standard deviation (0.097), suggesting more variation and less consistent

performance, with some students failing to achieve the learning outcomes.

The Likert scale evaluation generally revealed that students were satisfied using the VRF.
However, mixed answers were reported for the statement, which claimed that VR technology
was challenging to use for some students. Students who completed the VRF after going to
Garryvoe reported that it helped enhance their learning. They described the VR experience as
a helpful debriefing exercise that deepened their understanding of the site and clarified what

they had encountered during fieldwork:
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“Allowed us to reflect on the fieldtrip after we went. | felt up close and did not have

distractions | would have in the field” (Participant 3, Group 2).
“It gave more information”. (Participant 4, Group 2).

“The pop-ups at each stop were informative. Voiceovers were helpful and concise. It helped

with learning” (Participant 5, Group 2).

Students from this group also expressed that VR was particularly effective as a visual and
auditory aid. Features such as infographics and audio clips helped students better understand

geological phenomena:
“I'm a highly visual learner so it helped massively”. (Participant 3, Group 2)

Regarding future use in geography classes, students expressed interest in applying VR to other
modules or assignments. They appreciated the efficiency of VR and its potential to enhance

understanding:

“Yes, it helped create a better understanding of the information. It would be helpful in future

modules or assignments”. (Participant 5, Group 2).

The responses reveal the value of VRFs for students with different learning preferences and
an ability to enhance learning through the provision of information and visuals to support

learning.

3.5.3 Students' performance and reflections on the use of VR-only fieldtrip

The single participant in Group 3 scored 52% in the worksheet evaluation, resulting in the
achievement of the learning outcomes of the VRF. Since this group includes only one student,

variability cannot be assessed.

The student reported having a positive experience using VR, claiming that it served as a
valuable alternative when on-site fieldwork was not possible. The student explained that the
technology allowed for high-detail visualisation of relevant features, relevant to complete

each task, and supported knowledge retention thanks to its interactive nature:

“l was able to see exactly what | needed and | was guided to each stop...It clearly showed each

section”. (Participant from Group 3).

51



“It was easier to remember because it was interactive”. (Participant from Group 3).

Students who completed the fieldwork only, Group 4 (mean = 53%, median = 50.80%),
performed slightly better than Group 2 (mean = 46%, median 45%), but had the highest

variability (standard deviation = 0.123), indicating a wide range of individual scores.

Table 5. The table below shows the statistics of students’ performance across different groups.
Group 1 (students who completed the Garryvoe VRF before fieldwork) had the most
consistent results, shown by a low standard deviation (0.051). In contrast, Group 2 (VR after
fieldwork) had a lower median (45%) and mean (46%), with a moderate spread in scores
(standard deviation of 0.097). Group 4 (no VR) also showed a relatively high mean (53%) and
a median of 50.80%, but had the widest spread, indicated by the highest standard deviation

(0.123). Overall, Groups 2 and 4 exhibited greater variability in scores compared to Group 1.

MEAN MEDIAN STANDARD
DEVIATION
GROUP 1 (6 students) | 54.83% 55.20 % 0.051
GROUP 2 (4 students) | 46% 45% 0.097
GROUP 3 (1 student) | 52% 52% 0
GROUP 4 (5 students) | 53% 50.80% 0.123

3.5.4 Results

Analysis of students’ performance and feedback revealed clear differences between the
groups. The group that used the VRF before fieldwork (Group 1) performed the most
consistently and had the highest average and median scores. This suggests that using the VR
tool as preparation may help reinforce key concepts before students engage in real fieldwork.
Students' experience further strengthened this claim by highlighting the effectiveness of VR

as a preparatory tool before fieldwork, helping students to build knowledge and skills before
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their fieldtrip. This instructional scaffolding is reflected in the word cloud generated from the

reflective statements (Figure 9).

In contrast, those who completed the VRF after fieldwork (Group 2) had more mixed results,
and their scores were less consistent. However, students revealed that the VRF helped to
consolidate information acquired during fieldwork, working effectively as a debriefing exercise
and it was also deemed effective for assisting students with post-fieldtrip write-ups. Still, its
effectiveness may have been reduced by fatigue after a full day in the field. Results from Group
3, who completed the VRF-only, showed that VR was able to replicate key aspects of the field
experience in great detail, allowing the student to complete all activities virtually. The control
group (Group 4), which didn’t use VR, showed the widest variation in performance, with some
students performing well, while others didn’t, reflected in the high standard deviation. This

inconsistency may reflect the absence of the guidance and reinforcement provided by VR.

No significant differences in performance were observed based on the gender of the
participants. Although these trends are interesting, this indicative data poses a limit on the
ability to generalise the findings. However, the results suggest the potential benefits of using

VR technology as a preparatory tool in field-based education.
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Figure 9. The word cloud above was generated from students’ responses regarding the
Garryvoe VRF. Students emphasised the VRF’s role in providing information and enhancing
their understanding, both in preparation for fiel[dwork and as a tool for reviewing completed

activities.

3.6 Discussion

3.6.1 Impact of VR Fieldtrips in Geography Education

Results from students who engaged with VR provided valuable insights into their experiences
and the value of VR for fieldwork in geography. Students reported that the fieldtrip was
valuable as a preparation, reflection, or alternative fieldwork exercise. A key advantage of
integrating VR into the fieldwork module was its ability to prepare students and help them
deconstruct complex information. This scaffolding method was beneficial in allowing them to
familiarise and learn new concepts and tasks. It closely aligns with Vygotsky's theory of
Cognitive Development, which states that scaffolding provides temporary support and is

crucial in helping students to progress within the Zone of Proximal Development (ZPD) by
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promoting independent learning as the students become more familiar with the material

(Vygotsky, 1978).

The Garryvoe VRF was intentionally designed with specific learning outcomes and was closely
aligned with the curriculum, integrating information in multiple ways, from videos to slides to
audio clips. The advantage of this multimodal method was that students could access the
information in multiple ways and occasions, allowing for greater transparency and
comprehension of complex information, as supported by Participants 2 and 3 (Group 1 and
2). This method was particularly beneficial for learners who rely on various learning methods,
specifically those who utilise visual aids such as images and videos (Belanger and Jordan,
2000). The implication of such design is supported by Alabi (2024), who claimed the
significance of employing VR and other interactive resources in support of visual learners in
geosciences disciplines. They explained that knowledge retention and information processing
were shown to be improved by multimedia resources. Additionally, they emphasise that
integrating different learning modes is crucial to enhance inclusive learning and ensure that
the diverse needs of students are met. Similarly, Anis and Khan (2023) have highlighted the
importance of inclusive multimodal techniques. They argue that the integration of various
modes of communication, like speech, images, and technology, enhances the learning

experience of a wide group of people with different learning needs.

Another positive outcome noted in this study was the role of VR in reducing students’
cognitive load. Participants 1 and 2 (Group 1) reported that completing the tasks in VR allowed
them to better understand what was expected of them while increasing the chance of
absorbing the information. The immersive VR experience appeared to help students focus
more effectively on their tasks by removing real-world distractions (Participant 3, Group 2).
This aligns with Baceviciute et al. (2020), who claim that shutting out potential distractions is

effective in lowering cognitive load.

Students also emphasised the efficiency of the VRFs to allow them to retain information.

Whether used before, after, or in place of the physical fieldtrip, students indicated that the

virtual experience helped them remember key topics covered during the fieldwork. These

findings align with the studies that describe VR as a tool that positively impacts memory

retention (Baceviciute et al., 2020; Moreno and Mayer, 2004). Furthermore, the temporal

flexibility offered by VR was identified as a key factor (Tuthill and Klemm, 2002; Belanger and
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Jordan, 2000), allowing students to engage with the learning material at their own pace. One
main finding from the students was that the presence of learning tasks in the form of stops
was found to increase learner-centeredness and help avoid distractions in the field by allowing
them to focus better on tasks, as claimed by Participant 3 (Group 2). One of the most
significant benefits of the VR experience was the structure of the fieldtrip through defined
“learning stops” that integrate visual and audio materials. As expressed by Participant 5
(Group 2), these features provided clarity, thereby enhancing learning. This scaffolding
assessment allows students to follow structured steps and break tasks into smaller parts,
minimising cognitive load, ensuring long-term retention of knowledge and supporting diverse

learners (Sweller et al., 2011; Walqui, 2006).

All stops within the VRF were effective in supporting the learning outcomes, although some
were more successful than others. Importantly, all five stops incorporated and combined
multimodal approaches to each task, supporting diverse learners in understanding and
completing each activity. For instance, Stop A provided a guided exercise that enabled
students to engage with infographics, videos, tables, audio, and the use of 3D tools, thus
providing different approaches to learning new concepts. Similarly, Stop C played a crucial role
in enabling students to visualise the function of coastal protection through a video simulation
of a storm event, combined with an interactive slider that allowed observation of tidal
variation. These features integrated written material with live simulations, reinforcing the
overall concept of coastal protection at the site. Stop D and its high-quality 3D model of the
sea cliff’s vertical face efficiently allowed students to visualise the key elements required for
the creation of a stratigraphic log. Additionally, the integrated measuring tool enabled
students to collect multiple measurements, retain a record of each, and compare results. A
significant aspect of this stop is the integration of a 3D diagram. This, complemented by audio
and written materials explaining sediment transport and deposition at the beach, is a live

immersive simulation that increases learners' focus on the key geological processes.

Stops B and E were also effective in supporting the associated learning outcomes, although
they presented some limitations compared to the other stops. In Stop B, students were
required to sketch physical elements of the landscape and limitations occurred due to the
accuracy of the visual representation of the VRF. In fact, the environment is restricted to 3D

models from survey areas 1, 2, and 3, whose spatial resolution does not fully replicate real-

56



life landscapes or capture smaller-scale features (sub mm scale). Similarly, in Stop E, which
focused on site surveying and data collection, it involved spatial limitations to fully complete
the tasks, with some areas displaying more spatial details than others. This limitation in fully
displaying large areas at very high spatial resolution represents one of the key constraints of
the Garryvoe VRF. Creating a single, highly detailed 3D model of the entire site or
incorporating numerous high-quality models may generate issues in the performance of the
VRF. For this reason, three areas and several subareas were selected to be integrated into the
VRF. Surveying the entire bay at low altitude to produce high-resolution models would have
required significant time for data collection and processing and would likely have resulted in

performance issues within the VR environment.

Amongst other limitations associated with the VRF, technological issues were identified.
Several students, most notably those who used VR after fieldwork, reported having
experienced issues with the technology. These included lagging and occasional blurriness, all
of which disrupted their learning experience at times. As a result, some students had to pause
or repeat certain sections of the fieldtrip while waiting for the screen to stabilise, which may
have negatively impacted their ability to complete tasks appropriately and might have
produced a certain level of physical discomfort. These issues might have influenced students'
performance compared to the group that used VR before fieldwork, with post-fieldwork

fatigue possibly contributing to this pattern.

Itis important to consider the additional cognitive load and time requirements that are placed
on students who use the VRF as a supplementary learning resource. Engaging with the VRF on
the same day as fieldwork required students to interact with unfamiliar technology, complete
tasks in the virtual environment, and repeatedly remove the VR headset to complete
worksheets. This added workload may significantly increase fatigue and reduce students’
capacity to engage fully with the VRF following their fieldwork. Similarly, the completing the

VRF before fieldwork might, in some cases, increase fatigue in the field.

Along with student overload, dedicated staff might face a number of issues when developing
and implementing VRFs for specific courses. Unlike pre-existing VRFs available on the web,
those instructor-designed resources, like the Garryvoe VRF, require significant time for
planning, data collection, VRF development and implementation. The time devoted to those
actions entirely depends on the remoteness of the site and the size of the area to survey and

57



might be delayed by factors such as technological issues and weather conditions. This, coupled
with the expenses associated with purchasing survey equipment and planning multiple site
surveys, might represent a barrier. Furthermore, VRFs can be difficult to create (Cliffe, 2017)
and require training in the use of the survey equipment, data processing software like Agisoft
and a VR platform like Unity, which also necessitate learning basic coding skills. Additional
training is required to ensure instructors can operate VR technologies effectively and integrate

them meaningfully into teaching and learning practices (Samala et al., 2024).

Another known limitation of VR technology is the reliance on higher processing devices, as
well as the use of VR headsets. While these devices are available to use within the UCC
campus, they are often too expensive to be purchased for personal use. This hinders students
with lower-end devices from accessing the VRF at home. Nevertheless, these technological
challenges highlight the need to improve device accessibility in the design and
implementation of VRFs to ensure that all students, regardless of their resources, can easily

access these innovative learning tools.

3.6.2 How should VR fieldtrips be best implemented?

While fieldtrips are known to increase student interest (Garst et al., 2001), research has also
shown that students often experience pre-fieldwork anxiety (Punch, 2012; Boyle et al., 2007).
This anxiety can be mitigated when students understand what is expected of them and can
establish realistic expectations, reducing the effects of cognitive overload and distraction (Lee
et al., 2020; Jarvis and Pell, 2005; Kent et al., 1997). Therefore, briefing activities before
fieldwork might reduce students' stress by becoming familiar with the specific objectives and
increase their confidence when faced with the uncertainty of fieldwork (McKenzie, 2002).
Students reported that VR helped them gain spatial familiarity with the site, especially for
those who had never visited the location before, and allowed them to anticipate the number
and type of field activities, including tasks like the acid test and stratigraphic logging. This
aligns with the concept of novelty space, introduced by Orion and Hofstein (1994), which
refers to the degree of unfamiliarity a student feels toward a space or activity. Novelty space
is shaped by three factors: a) the level and type of prior knowledge; b) familiarity with field
location and c) psychological preparation. Teachers should address these factors before

fieldwork, aiming to reduce the novelty space and make the fieldtrips more effective learning
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experiences. By accessing the site in VR mode before their fieldwork, students can address
these three factors by familiarising themselves with the site, the concept and activities of their
fieldwork. At the same time, students who engaged with the VR simulation after the fieldtrip
found it valuable as a reflective tool, helping them process their experience and deepen their
understanding of key concepts. However, it is also possible that these students experienced
physical and cognitive fatigue after a full day of fieldwork, which might have negatively
impacted their ability to fully benefit from the VRF. Nevertheless, the post-fieldwork VRF
functioned as a debriefing activity, allowing students to review what they had seen and done
in the field and to critically evaluate their choices. This was particularly beneficial to students
with different learning styles, such as visual learners, to obtain clarity and retain more

information.

Debriefing is widely recognised as a vital component of experiential learning. Notably, Kent et
al. (1997) express that debriefing activities are a critical part of post-field learning and should
follow fieldwork closely to be effective. However, they claim that debriefing is often
overlooked due to time limitations after fieldwork. McKenzie (2002) argues that post-
fieldwork reflection enables students to critique their experience and integrate new
knowledge into their personal learning framework. Krogh et al. (2016) emphasise the
importance of debriefing, in particular as a component of simulation-based education, to

optimise learning outcomes.

While the data suggest that students who completed the VR experience before the fieldtrip
performed better overall, the difference between the two groups is not substantial to
conclude that one implementation is definitely more effective than the other. Instead, the
findings point to a more integrated approach. Rather than choosing between pre or post-
fieldwork implementation, the most effective use of VR may lie in employing it at both stages.
As a preparatory tool, VR proved to be effective in offering structured learning steps that
helped students to visualise features and written information before their fieldwork. This
allowed them to reduce novelty, retain information and achieve the learning outcomes. At the
same time, when used as a reflective tool, VR assisted students in processing the information
acquired during fieldwork, providing clarity as well as providing visual and auditory resources

to support different learners and enhance their learning. Therefore, both approaches support
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students through preparation and reflection, increasing students' exposure to the field site to

enhance the overall educational value of the fieldtrip experience.

3.6.3 To what extent can VR fieldtrips allow students to replace fieldwork?

Only one student completed the Garryvoe VRF as an alternative to attending fieldwork at the
site. The student successfully achieved the intended learning outcomes and reported a
positive experience using VR. Unable to attend the fieldtrip that day, they emphasised the
importance of having a virtual alternative to avoid missing a key component of the module. In
their reflective statement, the student noted that the VR simulation effectively presented
essential features of the site, such as the sea cliff and coastal protection in high detail, allowing
them to complete the same activities as their peers. The student carried out all the activities
at the site and their results favourably compared with those of their peers who went to the
field. However, the worksheet highlighted that the student struggled with the last activity,
which required group work to plan an offshore wind cable route. This task required on-site
exploration and identification of suitable and unsuitable areas and developing observational
skills. Without the opportunity for peer interaction and physical exploration, the student
found it challenging to fully engage with the activity as the other students did in the field. This

suggests that the VR experience cannot be equally compared to the field experience.

Existing studies have consistently highlighted the limitations of VRFs (Garcia et al., 2023;
Pugsley et al., 2022; Tuthill et al., 2002; Spicer and Stratford, 2001; Bellan and Scheurman,
1998). While high-quality 3D reconstructions can provide visual simulations, they often fail to
replicate the full immersive experience of physical presence in the field (Pugsley et al., 2022).
VR lacks the real multisensory experience that fieldwork creates, such as touch, smell, and
temperature, which are essential for an enhanced understanding of a site (Belanger and
Jordan, 2000). For example, handling rocks and examining sediment textures by touch was a
key part of the Garryvoe fieldtrip, which VR could not replicate. Moreover, interacting with a
virtual environment lacks the spatial awareness and scale that real field sites provide, thus
often failing to convey the true three-dimensional nature of objects (Qui and Hubble, 2002).
Equally important is the loss of the social dimension of on-site fieldwork (Garcia et al., 2023).
In this case, the student completed the VRF alone, with only a tutor present, missing the

opportunity for group work and collaborative learning. The lack of social interaction restricts

60



the development of social bonds and trust among students (Spicer and Stratford, 2001) as
well as hindering the interaction between the student and the instructor in the field (Dost,

2023).

Nevertheless, VRFs hold considerable value when physical fieldwork is not feasible due to
accessibility constraints or remoteness of field sites. Furthermore, it provides flexibility of
participation, enabling virtual access at any time. This flexibility is especially important for
those with caring responsibilities, who often struggle to balance their academic and personal
lives (Carlin et al., 2023). In our case, the student could not attend fieldwork due to personal
issues. In other situations, students decide not to participate due to perceived barriers or
actual barriers. Despite the efforts in reducing these barriers to accommodate students with
different kinds of disabilities, inclusivity remains an ongoing challenge that needs to be
addressed (Chiarella and Vurro, 2020; Stokes et al., 2019; Hall et al., 2002). As claimed by Slee
(2018), the very first step in achieving inclusive education is to break down barriers to
education. VRFs can achieve that by addressing these challenges and contributing to the
United Nations Sustainable Development Goal 4: "ensuring inclusive and equitable quality
education and promoting lifelong learning opportunities for all" (UNESCO, 2017). Firstly, VR
can allow students with physical disabilities to engage in remote fieldwork without having to
consider the health and safety risks associated with being in the field (Elleven et al., 2006).
They also improve accessibility for students facing financial challenges who can still develop
field skills by accessing VRFs offered by universities. In Ireland, VRFs are particularly relevant
in DEIS schools by offering an inclusive alternative or additional resource that supports
equitable learning experiences to students who face socio-economic barriers that limit their

access to traditional fieldwork.

As inclusive learning's key aim is to value diversity in education (Thomas and May, 2010), it is
important to acknowledge the different learners that the undergraduate body represents. This
requires employing tools that can accommodate and support all students. One way that VR
contributes to this is by offering a multisensory learning environment which complements
visual and auditory elements. VRFs offer structured, guided experiences with prompts that
help students break down complex concepts and create meaningful learning. As reported by
participants in Groups 1 and 2, the VRF supported their ability to process complex information

through interactive features such as 3D models, infographics, and audio clips, which were
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especially beneficial for visual learners. Therefore, this VRF aligns with some of the design
principles outlined in the Assessment for Inclusion (Afl) Framework by UCD (University College
Dublin, 2025). In particular, the principles regarding transparency, flexibility and scaffolding
explain that assessment should ensure clarity, support different approaches and prepare
students to successfully learn in different contexts and build new skills. Therefore, by offering
flexible, repeatable experiences that integrate visual, written, and audio material, VRFs can
help address the needs of each learner and support diverse and inclusive education (Dost,
2023; Qui and Hubble, 2002). They can also be purposefully designed to meet the needs of
students with learning disabilities (Silva et al., 2025). Additionally, they reduce concerns
related to cost and safety, providing accessible alternatives for students with physical
disabilities or financial constraints (Minocha et al., 2018; Stainfield et al., 2000) and offering a
safe, practical way to complete fieldwork, particularly in remote or hazardous locations (Tuthill

and Klemm, 2002).

3.6.4 Pedagogical Value and Implementation of the Garryvoe VRF in Geography Fieldwork

Results of the implementation of the Garryvoe VRF highlighted that a multimodal approach in
developing digital learning resources can significantly enrich geography fieldwork and strongly
support students' learning. Successful integration of a VRF to traditional fieldwork widely
depends on several contextual factors, including class size, the availability of trained staff, and
access to adequate space, equipment, and technological resources. In this case, the Garryvoe
VRF was specifically tailored to the geography curriculum, acknowledging the diverse learners
that the student body represents. It was designed to provide well-structured, guided exercises
aimed at introducing new geographical concepts. By integrating a scaffolding approach, the
Garryvoe VRF includes structured steps in which tasks and information are deconstructed to
provide clarity and improve knowledge retention. Each of the five stops integrates audio,
video, visual and interactive elements aligned with specific learning outcomes. These stops,
designed to guide students through different tasks, allow them to better focus on the activities

to complete while minimising potential distractions.

The Garryvoe VRF was successfully implemented with a relatively small group of students,
who particularly valued its use as a preparatory tool for fieldwork. As highlighted earlier, pre-

fieldwork preparation is an essential resource for many learners as it allows them to gain
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spatial familiarity with a new place (Orion and Hofstein, 1994) while clarifying expectations
regarding field-based tasks and learning objectives. By reducing uncertainty before the
fieldtrip, the VRF lowered students’ cognitive load and enhanced knowledge retention,
aspects that were reflected in their overall performance. Similarly, students who engaged with
VR after their fieldwork highlighted its role in strengthening their understanding of key

concepts, although these benefits were not always fully expressed in assessment outcomes.

The use of the Garryvoe VRF in place of fieldwork highlighted the value of alternative methods
to field learning. It enables students to engage with field experiences when in-person
participation is not possible, offering flexible access and helping to overcome known barriers

that restrict student engagement in field classes (Minocha et al., 2018; Stainfield et al., 2000).

While the Garryvoe VRF aligns well with principles of inclusive assessment and has the
potential to reduce barriers related to disability, cost, and safety, it may also introduce new
challenges. The most significant barrier experienced by students involves the occurrence of
technological issues. This largely depends on the processing device and access to high-speed
internet. Adding this issue to the need to familiarise with the new technology, particularly
after fieldwork, can contribute to increased fatigue and cognitive overload, negatively

affecting student performance.

The Garryvoe VRF was designed to be used by availing of the resources provided within the
institution, presenting students with an alternative activity when financial or accessibility
issues hinder fieldwork participation. Conversely, its use in a home setting may be restricted
by limited access to appropriate software and hardware, a challenge that could affect students
who are unable to physically access university facilities. Furthermore, the social aspect of
fieldwork is significantly missing from the VRF. In particular, group work, peer-to-peer and
instructor-peer interaction are very limited. In addition, the spatial and sensory limitations of
VR, such as the inability to fully reproduce the real size of objects, textures, smells and
weather demonstrates that the VRF scarcely compare to real fieldwork. As such, VRFs should
not be viewed as replacements for real fieldwork but rather as complementary or alternative
tools when access to the field is not possible. It is therefore important to acknowledge that
while VRFs cannot overcome all barriers associated with fieldwork, well-designed, curriculum-
specific VR resources can provide valuable support to student learning when used
appropriately.
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3.7 Conclusion

This study highlights the potential of VRFs as a valuable tool in geoscience education, working
as a multisensory experience that provides guidance, allows students to understand complex
concepts and develop technical skills. While no significant differences in student performance
were observed, the VR experience notably improved students’ engagement and
understanding, particularly when used before fieldwork. The findings suggest that VR is
effective when integrated with traditional fieldwork, rather than as a replacement. However,
in cases where fieldwork is not possible, VR offers an alternative that supports diverse learning
needs. The strategic integration of VRFs in education can help overcome accessibility issues,
promote inclusion, and enhance the field-based learning experience for all students. For
future enquiries, we recommend increasing the number of participants to obtain valuable

insights into the effectiveness of VRFs in enhancing students' performance.

For future applications of VR in education, we recommend that VRFs be designed to align
closely with the specific learning outcomes and requirements of the curriculum. Such VRFs
should incorporate a diverse range of interactive elements to accommodate varied learning
needs. To enhance inclusion, universities should ensure VRFs can be used within the
institution, ensuring that they are accessible to all students, including those with limited
access to the VR hardware or high-speed internet. Furthermore, universities should ensure
funding and resources to support staff in developing their own VR tools, which can be
integrated as a complementary tool to in-class learning, lab or field-based learning. Finally,
novel VR technologies can play a significant role in overcoming existing technical challenges,
potentially reducing issues such as poor system performance and enhancing the quality and

engagement of the learning experience.
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4. Thesis Conclusions

4.1 Concluding remarks
This thesis presents the results of developing and implementing a VRF in the geography
curriculum at UCC. These results have significant implications for creating VRFs that enhance

students' learning and engagement.

In Chapter 2, we developed a method for creating 3D models using a UAV (Uncrewed Aerial
Vehicle) to capture aerial images of Garryvoe beach, supplemented by smartphone imagery
of smaller features. The data processing involved the use of Agisoft Metashape as the SfM
photogrammetry software. This novel approach, employing the benefits of SfM
photogrammetry (Westoby et al., 2012), generated scaled, georeferenced 3D texturised
meshes that offer <1 cm/pixel resolution. These models enable enhanced visualisation of

detailed reconstructions of the beach sections.

The resulting VRF, built in Unity, integrates these models into an interactive and immersive
environment. Unity proved to be useful in implementing interactions and enhancing graphic
capabilities. Users can navigate in the scene by walking or flying and perform tasks that include
accessing infographics, taking vertical and horizontal measurements, and using a slider that
simulates tidal variation at the site. The high-quality 3D models, especially the close-ups,
display detailed surface features that are significant for tasks that require analysing changes
in stratigraphy and physical properties of rocks. Furthermore, the integration of realistic
sounds and visual effects provides sensory realism, replicating the experience of a real
fieldtrip. Thus, this chapter contributes to informing future research on the technology

needed to develop teaching material.

Chapter 3 offers valuable insights into the implementation of VRF into geography curricula,
while acknowledging their limitations. This chapter fulfils the project’s second aim: to assess
the impact and effectiveness of this VRF in support of student learning. To this end, the

chapter answered the following 3 research questions (RQs):
RQ1: What is the impact of VR in Geography education?
RQ2: How should VRF be best implemented?

RQ3: To what extent can VRF allow students to replace fieldwork?
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The findings highlighted that the integration of VR into fieldwork as a tool for preparation,
reflection and alternative learning can play a valuable role in helping students achieve their
learning outcomes, specifically by reducing the cognitive load and improving knowledge
retention. It was found that the VRF provided scaffolding through the use of learning stops
and integration of audio-visual materials. This approach enabled students to deconstruct
complex information and facilitated the understanding of concepts and tasks by both visual
and auditory learners. This method is supported by literature, which states that multimodal
approaches enhance memory retention and foster inclusion by ensuring that the diverse

learning needs are met (Anis and Khan, 2023; Sweller et al., 2011).

A key advantage of using the VRF was observed when implemented as a preparation for
fieldwork. Students reported gaining greater familiarity with the field activities and improved
knowledge retention. This significantly reduced the cognitive load, thus making fieldwork
experience more meaningful (Orion and Hofstein, 1994). This preparation allowed students
to engage more effectively with the tasks, therefore enhancing the overall fieldwork
performance and experience. At the same time, students who completed the VRF after
fieldwork reported using it as a valuable reflective exercise that consolidated their
understanding of key concepts and allowed visual learners to review tasks and evaluate
choices. However, this cohort displayed poorer performance, possibly related to physical and
cognitive fatigue post-fieldwork. Nevertheless, both implementations reflect the potential of
the integration of these approaches, suggesting that VRFs are both effective as preparation
and debriefing exercises. This approach enhances students' engagement before and supports

students' revision after, ultimately increasing the educational value of fieldwork.

VR was also used as an alternative to fieldwork for a student who was unable to attend the
day in the field. Results emphasised the importance of having such a tool to allow students
access to the learning materials and avoid missing an important component of the module.
The performance showed that the student successfully achieved the learning outcomes and
deemed the VRF a good alternative to on-site fieldwork. However, many disadvantages were
identified. The main challenge experienced was the lack of social interaction with classmates,
which significantly hindered the completion of one of the tasks in the fieldwork module. At
the same time, numerous advantages were discussed. In particular, the benefits of using VRFs

to foster inclusion and overcome accessibility, financial and personal barriers were explored.
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By offering a multisensory learning environment that complements visual, written, and
auditory elements, this VRF can benefit a wide range of learners (Dost, 2023). Furthermore,
the integration of structured learning stops can help students break down complex concepts
and obtain positive learning gains. Finally, the VRFs offer a repeatable experience that ensures
an accessible alternative to students with disabilities, financial issues and other accessibility

constraints (Minocha et al., 2018).

While this study highlights the benefit of VRFs as an integrative method to fieldwork, it also
emphasises the inability of VRFs to replace fieldwork. VRFs fail to fully reproduce the
multisensory and social aspects of on-site fieldwork (Qui and Hubble, 2002). Physical
exploration and tactile learning are integral aspects of geography fieldwork (Belanger and
Jordan, 2000) and are difficult to replicate in a VR environment. This study also highlighted
the technological limitations associated with VR technology. These included lagging,
blurriness and reliance on high-performance computers. The cost and accessibility of VR

equipment remain a barrier, especially for students without access to institutional resources.

4.2 Contributions

Considering the findings of this thesis, the main contributions are the following:

I. It demonstrates the capability of using UAV photogrammetry to capture high-
resolution imagery for generating scaled and georeferenced 3D models of sites and

features.

Il. It establishes the potential of Unity 3D for integrating 3D models to create an
interactive and immersive learning environment with applications for fieldwork

education.

Ill. It provides evidence that VRFs have positive outcomes on students' learning and
experience, especially on pre-fieldwork preparation and post-fieldwork reflection.
Preparation builds initial knowledge and reduces the overall cognitive load, while

reflection helps students consolidate understanding and address knowledge gaps.
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It shows that VRFs are a valuable alternative to fieldwork that promotes access and inclusion
when on-site participation is not possible. However, VRFs do not fully replace the experience

or skills; therefore, an integrated approach is recommended.

4.3 Future Directions

This thesis highlights the potential of VRFs to enhance student field-based learning in
geography education. As such, it proposes new directions for future research. The first
direction regards the design of a VRF, which must be tailored to meet the specific needs of the
curriculum. Future work should ensure these tools are developed in direct alignment with
learning objectives while considering the needs of diverse learners. The second direction
regards the implementation of such VRFs. As highlighted in this study, these offer valuable
cognitive gains when implemented at multiple stages of the learning process, and for this
reason, there is a need to integrate VR into in-class or fieldwork applications to support
students in their field learning or as preparation for assessments. A critical area for
development is enhancing the social component of the VR experience. Future research should
focus on designing and implementing VR multiplayer experiences that allow students to
interact with each other and complete VR fieldwork collaboratively, especially for tasks that
require group work. For example, Unity offers a VR multiplayer template that can be used to
develop VRFs that allow for multiple access. In terms of technological updates, future research
should focus on overcoming the existing technological limitations that hinder students from
accessing the software and engaging in the experience. The adoption of newer software and
VR tools can potentially solve issues related to lagging and blurring during the VR simulation.
Specifically, the high system requirements, access to high-speed internet and the use of the
VR software represent an accessibility challenge. It is therefore crucial to ensure that VRFs can

be accessed within the institution, ensuring wider adoption among all students.

68



References

Abeyta, A., Fernandes, A.M., Mahon, R.C. and Swanson, T.E., 2021. The true cost of field
education is a barrier to diversifying geosciences Akhmedov, B.A., 2023. Prospects and
trends of digital twins in education. Uzbek Scholar Journal, 23, pp.6-15.

Ahmad, S. Z. 2013. The effect of virtual field trips on English vocabulary acquisition and
retention among preparatory school pupils. Journal of Faculty of Education in Suez, 6(2),
258-300.

Akhmedov, B. A. 2023. Prospects and trends of digital twins in education. Uzbek Scholar
Journal, 23, 6-15.

Alabi, M. 2024. Visual Learning: The Power of Visual Aids and Multimedia.

Al-Ansi, A.M., Jaboob, M., Garad, A. and Al-Ansi, A., 2023. Analyzing augmented reality (AR)
and virtual reality (VR) recent development in education. Social Sciences & Humanities
Open, 8(1), p.100532.

Alazmi, H.S. and Alemtairy, G.M., 2024. The effects of immersive virtual reality field trips upon
student academic achievement, cognitive load, and multimodal presence in a social
studies educational context. Education and Information Technologies, 29(16), pp.22189-
22211.

Alnagrat, A., Ismail, R. C., Idrus, S. Z. S., & Alfaqi, R. M. A. (2022). A review of extended reality
(XR) technologies in the future of human education: Current trend and future
opportunity. Journal of Human Centered Technology, 1(2), 81-96. 10.11113

Algudah, H. and Khasawneh, M.A.S., 2023. Exploring the impact of virtual reality field trips
on student engagement and learning outcomes. Migration Letters, 20(5), pp.1205-1216.

Alzahrani, N.M., 2020. Augmented reality: A systematic review of its benefits and challenges
in e-learning contexts, Applied Sciences, 10(16):5660

Alzoubaidi, A.R., Alzoubaidi, M., Mahfouz, I.A., Alkhamis, T. and Alzoubaidi, M., 2021. Virtual
desktop infrastructure in higher education institution: An application of home and mobile
computing environment. Azerbaijan Journal of High Performance Computing, 4(1), pp.29-
38.

Anderson, K., Westoby, M.J. and James, M.R., 2019. Low-budget topographic surveying comes
of age: Structure from motion photogrammetry in geography and the geosciences.
Progress in Physical Geography: Earth and Environment, 43(2), pp.163-173.

Andrews, C., Southworth, M.K., Silva, J.N. and Silva, J.R., 2019. Extended reality in medical
practice. Current treatment options in cardiovascular medicine, 21, pp.1-12.

Anis, M., and Khan, R. 2023. Integrating multimodal approaches in English language teaching
for inclusive education: A pedagogical exploration.

69



Antoniou, V., Bonali, F.L.,, Nomikou, P., Tibaldi, A., Melissinos, P., Mariotto, F.P., Vitello, F.R.,
Krokos, M. and Whitworth, M., 2020. Integrating virtual reality and GIS tools for geological
mapping, data collection and analysis: an example from the Metaxa Mine, Santorini
(Greece). Applied Sciences, 10(23), p.8317.

Ardiny, H. and Khanmirza, E., 2018, October. The role of AR and VR technologies in education
developments: opportunities and challenges. In 2018 6th rsi international conference on
robotics and mechatronics (icrom) (pp. 482-487). IEEE.

Aristovnik, A., Kerzi¢, D., Ravselj, D., Tomazevi¢, N. and Umek, L., 2020. Impacts of the COVID-
19 pandemic on life of higher education students: A  global
perspective. Sustainability, 12(20), p.8438.

Arrowsmith, C., Counihan, A. and McGreevy, D., 2005. Development of a multi-scaled virtual
field trip for the teaching and learning of geospatial science. International Journal of
Education and Development using ICT, 1(3), pp.42-56.

Arthur-Kelly, M., Sutherland, D., Lyons, G., Macfarlane, S. and Foreman, P., 2013. Reflections
on enhancing pre-service teacher education programmes to support inclusion:
perspectives from New Zealand and Australia. European Journal of Special Needs
Education, 28(2), pp.217-233.

Babiker, M. and Elmagzoub, A., 2015. For Effective Use of Multimedia in Education, Teachers
Must Develop their Own Educational Multimedia Applications. Turkish Online Journal of
Educational Technology-TOJET, 14(4), pp.62-68.

Baceviciute, S., Mottelson, A., Terkildsen, T, & Makransky, G. 2020. Investigating
representation of text and audio in educational VR using learning outcomes and EEG. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (pp. 1-
13).

Baggott la Velle L. (2005). Virtual field trips. Journal of Biological Education, 39(4), 189.

Barker, R., Dixon, L. and Hooke, J., 1997. Use of terrestrial photogrammetry for monitoring
and measuring bank erosion. Earth Surface Processes and Landforms, 22(13), pp.1217-
1227.

Bayley, D.T., Mogg, A.O., Koldewey, H. and Purvis, A., 2019. Capturing complexity: field-testing
the use of ‘structure from motion ’ derived virtual models to replicate standard measures
of reef physical structure. Peer), 7, p.e6540.

Beh, H. J., Rashidi, A., Talei, A.,, & Lee, Y. S. (2022). Developing engineering students’
capabilities through game-based virtual reality technology for building utility inspection.
Engineering, Construction and Architectural Management, 29(7), 2854-2877.
https://doi.org/10.1108/ECAM-02-2021-0174

70



Belanger, F., and Jordan, D. H. 2000. Evaluation and Implementation of Distance Learning:
Technologies Tools, and Techniques. Hershey, PA: Idea Group Publishing.

Bell, J.T. and Fogler, H.S., 1995, June. The investigation and application of virtual reality as an
educational tool. In Proceedings of the American society for engineering education annual
conference (Vol. 2513).

Bellan, J. M., and Scheurman, G. 1998. Actual and Virtual Reality: Making the Most of Field
Trips. Social Education, 62, 35—40.

Bernardes, S., Madden, M., Knight, A., Neel, N., Morgan, N., Cameron, K. and Knox, J., 2018.
A multi-component system for data acquisition and visualization in the geosciences based
on wuavs, augmented and virtual reality. The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, 42, pp.45-49.

Bonali, F. L., Vitello, F.,, Kearl, M., Tibaldi, A., Whitworth, M., Antoniou, V., & de Vries, B. V. W.
2024. GeaVR: An open-source tools package for geological-structural exploration and data
collection using immersive virtual reality. Applied Computing and Geosciences, 21,
100156.

Bond, C. E., and Cawood, A. J. 2020. A role for virtual outcrop models in blended learning:
Improved 3D thinking, positive perceptions of learning and the potential for greater
equality, diversity and inclusivity in geoscience. Geoscience Communication Discussions,
2020, 1-20.

Bonello, M., 2001. Fieldwork within the context of higher education: a literature
review. British Journal of Occupational Therapy, 64(2), pp.93-99.

Borg, B., Dunn, M., Ang, A. and Villis, C., 2020. The application of state-of-the-art technologies
to support artwork conservation: Literature review. Journal of Cultural Heritage, 44,
pp.239-259.

Bos, D., Miller, S. and Bull, E., 2022. Using virtual reality (VR) for teaching and learning in
geography: fieldwork, analytical skills, and employability. Journal of Geography in Higher
Education, 46(3), pp.479-488.

Boyle, A., Maguire, S., Martin, A., Milsom, C., Nash, R., Rawlinson, S., Turner, A., Wurthmann,
S. and Conchie, S., 2007. Fieldwork is good: The student perception and the affective
domain. Journal of Geography in Higher Education, 31(2), pp.299-317.

Boyle, A.P.,, Ryan, P. and Stokes, A., 2009. External drivers for changing fieldwork practices and
provision in the UK and Ireland.

Boyles, B., 2017. Virtual reality and augmented reality in education. Center For Teaching
Excellence, United States Military Academy, West Point, Ny, 67.

71



Bricken, M., 1991. Virtual reality learning environments: potentials and challenges. Acm
Siggraph Computer Graphics, 25(3), pp.178-184.

Brown, A. and Green, T., 2016. Virtual reality: Low-cost tools and resources for the classroom.
TechTrends, 60, pp.517-519.

Burdea, G. C., and Coiffet, P. 2003. Virtual reality technology. John Wiley & Sons.

Burke, D., Crompton, H. and Nickel, C., 2025. The Use of Extended Reality (XR) in Higher
Education: A Systematic Review. TechTrends, pp.1-14.

Burns, J.H.R., Delparte, D., Gates, R.D. and Takabayashi, M., 2015. Integrating structure-from-
motion photogrammetry with geospatial software as a novel technique for quantifying 3D
ecological characteristics of coral reefs. Peerl), 3, p.e1077.

Butler, R., 2008. Teaching geoscience through fieldwork. Plymouth: Higher Education
Academy Subject Centre for Geography, Earth and Environmental Sciences.

Carabajal, I.G., Marshall, A.M. and Atchison, C.L., 2017. A synthesis of instructional strategies
in geoscience education literature that address barriers to inclusion for students with
disabilities. Journal of Geoscience Education, 65(4), pp.531-541.

Carlin, B., Sikka, T., Hopkins, P., Braunholtz, L., Mair, L. and Pattison, Z., 2023. Identifying the
barriers to inclusion in field-based environmental sciences research. Studies in Higher
Education, 49(9), pp.1652-1665.

Casella, E., Rovere, A., Pedroncini, A., Mucerino, L., Casella, M., Cusati, L.A., Vacchi, M.,
Ferrari, M. and Firpo, M., 2014. Study of wave runup using numerical models and low-
altitude aerial photogrammetry: A tool for coastal management. Estuarine, Coastal and
Shelf Science, 149, pp.160-167.

Castagnetti, C., Giannini, M. and Rivola, R., 2017. Image-based virtual tours and 3D modeling
of past and current ages for the enhancement of archaeological parks: The VisualVersilia
3D project. The International Archives of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, 42, pp.639-645.

Chasen, A., Chapman Tripp, H. and Borrego, M., 2024. Disability and postsecondary fieldwork
experiences in the natural sciences: A systematic review. Journal of Research in Science
Teaching.

Chen, C.J., Toh, S.C. and Ismail, W.M.FW., 2005. Are learning styles relevant to virtual
reality?. Journal of research on technology in education, 38(2), pp.123-141.

Chen, J., Clarke, K.C. and Freundschuh, S.M., 2016, September. Rapid 3d modeling using
photogrammetry applied to google earth. In The 19th International Research Symposium
on Computer-based Cartography Albuquerque (pp. 14-16). Cartography and Geographic
Information Society.

72



Chenrai, P. and Jitmahantakul, S., 2019. Applying virtual reality technology to geoscience
classrooms. Review of International Geographical Education Online, 9(3), pp.577-590.

Chiarella, D. and Vurro, G., 2020. Fieldwork and disability: an overview for an inclusive
experience. Geological Magazine, 157(11), pp.1933-1938.

Choi, SY., Choi, D.H., Cho, S.H., Ahn, S.H. and Han, S.H., 2025. Anatomy education potential
of the first digital twin of a Korean cadaver. PloS one, 20(3), p.e0305679.

Cliffe, A.D., 2017. A review of the benefits and drawbacks to virtual field guides in today’s
Geoscience higher education environment. International Journal of Educational
Technology in Higher Education, 14(1), p.28.

Coltekin, A., Griffin, A.L., Slingsby, A., Robinson, A.C., Christophe, S., Rautenbach, V., Chen,
M., Pettit, C. and Klippel, A., 2020. Geospatial information visualization and extended
reality displays. Manual of digital earth, pp.229-277.

Cook, M.L., Sheffield, S.L., Ryan, J.G., Bebeau, C.M. and Rodgers, M., 2025. Enhancing
geoscience education through immersive virtual field trips: Student perspectives and
implications for broadening participation. Journal of Geoscience Education, pp.1-18.

Cowan, P. and Farrell, R., 2023. Virtual reality as the catalyst for a novel partnership model in
initial teacher education: ITE subject methods tutors’ perspectives on the Island of
Ireland. Education Sciences, 13(3), p.228.

Creed, C., Al-Kalbani, M., Theil, A., Sarcar, S. and Williams, 1., 2024. Inclusive AR/VR:
accessibility barriers for immersive technologies. Universal Access in the Information
Society, 23(1), pp.59-73.

Crespi, N., Drobot, AT. and Minerva, R., 2023. The Digital Twin: What and Why?. In The Digital
Twin (pp. 3-20). Cham: Springer International Publishing.

Dangxiao, W., Yuan, G., Shiyi, L., Weiliang, X.U. and Jing, X.I.A.O., 2019. Haptic display for
virtual reality: progress and challenges. Virtual Reality & Intelligent Hardware, 1(2),
pp.136-162.

De Oliveira, L.M.C., Lim, A., Conti, L.A. and Wheeler, A.J., 2021. 3D classification of cold-water
coral reefs: a comparison of classification techniques for 3D reconstructions of cold-water
coral reefs and seabed. Frontiers in Marine Science, 8, p.640713.

De Paolis, L.T., De Luca, V., Gatto, C., D’Errico, G. and Paladini, G.I., 2020. Photogrammetric 3D
reconstruction of small objects for a real-time fruition. In Augmented Reality, Virtual
Reality, and Computer Graphics: 7th International Conference, AVR 2020, Lecce, Italy,
September 7-10, 2020, Proceedings, Part | 7 (pp. 375-394). Springer International
Publishing.

73



Dembski, F., Wossner, U., Letzgus, M., Ruddat, M. and Yamu, C., 2020. Urban digital twins for
smart cities and citizens: The case study of Herrenberg, Germany. Sustainability, 12(6),
p.2307.

Demetrescu, E., d’Annibale, E., Ferdani, D. and Fanini, B., 2020. Digital replica of cultural
landscapes: An experimental reality-based workflow to create realistic, interactive open
world experiences. Journal of Cultural Heritage, 41, pp.125-141.

Department of Education, 2024. DEIS Delivering Equality of Opportunity In Schools. Available
at: https://www.gov.ie/en/policy-information/4018ea-deis-delivering-equality-of-
opportunity-in-schools/ [Accessed 8 April 2025].

Dost, G. 2023. You don’t have to feel trapped: Virtual field trips during school shutdowns—A
systematic review and SWOT analysis.

Edler, D., Husar, A., Keil, J., Vetter, M. and Dickmann, F., 2018. Virtual Reality (VR) und Open
Source Software: ein Workflow zur Konstruktion einer interaktiven kartographischen VR-
Umgebung zur Erkundung urbaner Landschaften. KN-Journal of Cartography and
Geographic Information, 68, pp.5-13.

Elleven, R., Wircenski, M., Wircenski, J. and Nimon, K., 2006. Curriculum-based virtual field
trips: Career development opportunities for students with disabilities. Journal for
Vocational Special Needs Education, 28(3), pp.4-11.

Eltner, A. and Sofia, G., 2020. Structure from motion photogrammetric technique.
In Developments in Earth surface processes (Vol. 23, pp. 1-24). Elsevier.

Erazo-Rondinel, A.A. and Melgar, M.A., 2024. Exploring the Benefits of 360-Degree
Panoramas for Construction Project Monitoring and Control. Engineering Proceedings,
53(1), p.52.

Evelpidou, N., Karkani, A., Saitis, G. and Spyrou, E., 2021. Virtual field trips as a tool for indirect
geomorphological experience: A case study from the southeast part of the Gulf of Corinth,
Greece. Geoscience Communication Discussions, 2021, pp.1-16.

Fabris, C.P., Rathner, J.A., Fong, A.. and Sevigny, C.P., 2019. Virtual reality in higher education.
International Journal of Innovation in Science and Mathematics Education, 27(8).

Fink, M.C., Sosa, D., Eisenlauer, V. and Ertl, B., 2023, January. Authenticity and interest in
virtual reality: Findings from an experiment including educational virtual environments
created with 3D modelling and photogrammetry. In Frontiers in Education (Vol. 8, p.
969966). Frontiers Media SA

Firmansyah, F.H. and Rosmansyah, Y., 2024. Exploring Collaboration in Multiplayer
Gamification: A Systematic Literature Review. IEEE Access.

74



Friess, D.A., Oliver, G.J.,, Quak, M.S. and Lau, AY., 2016. Incorporating “virtual” and “real
world” field trips into introductory geography modules. Journal of Geography in Higher
Education, 40(4), pp.546-564.

Garcia Estrada, J. and Prasolova-Fgrland, E., 2022. Running an XR lab in the context of COVID-
19 pandemic: Lessons learned from a Norwegian university. Education and Information
Technologies, 27(1), pp.773-789.

Garcia, M.B., Nadelson, L.S. and Yeh, A., 2023. “We're going on a virtual trip!”: a switching-
replications experiment of 360-degree videos as a physical field trip alternative in primary
education. International Journal of Child Care and Education Policy, 17(1), p.4.

Garcia-Morales, V. J., Garrido-Moreno, A., & Martin-Rojas, R. 2021. The transformation of
higher education after the COVID disruption: Emerging challenges in an online learning
scenario. Frontiers in Psychology, 12, 616059.

Garcia-Vela, M., Zambrano, J.L., Falquez, D.A., Pincay-Musso, W., Duque, K.B., Zumba, N.V.,
Barcia, M.B., Méndez, J.l., Valverde, P.E., Romero-Crespo, P.L. and Jorda-Bordehore, L.,
2020. Management of virtual laboratory experiments in the geosciences field in the time
of COVID-19 pandemic. In Iceri2020 Proceedings (pp. 8702-8711). IATED.

Garcia-Vela, M.T., Borja-Bernal, C.P., Jorda-Bordehore, L., Medinaceli-Torrez, R., Loaiza, S. and
Falquez, D.A., 2021, August. Teaching rock mechanics using Virtual Reality: laboratory
practices and field trips during the confinement of the Coronavirus COVID-19 in Ecuador,
Bolivia, and Spain. In IOP Conference Series: Earth and Environmental Science (Vol. 833,
No. 1, p. 012172). IOP Publishing.

Garner L. C., and Gallo M. A. (2005). Field trips and their effect on student achievement and
attitudes: A comparison of physical versus virtual field trips to the Indian River
lagoon. Journal of College Science Teaching, 34(5), 14.

Garst, B., Scheider, I., and Baker, D. 2001. Outdoor adventure program participation impacts
on adolescent self-perception. Journal of Experiential Education, 24(1), 41-49.

Gatto, C., Liaci, S., Corchia, L., Chiarello, S., Faggiano, F., Sumerano, G. and De Paolis, L.T., 2022,
July. Extended reality technologies and social inclusion: the role of virtual reality in
includiamoci project. In International Conference on Extended Reality (pp. 335-346).
Cham: Springer International Publishing.

Genge, M.J,, Laurent, V., Mason, P.J., Spencer, A.R., Sutton, M.D. and Whittaker, A.C., 2024.

Gongalves, J.A. and Henriques, R., 2015. UAV photogrammetry for topographic monitoring of
coastal areas. ISPRS journal of Photogrammetry and Remote Sensing, 104, pp.101-111.

Granshaw, F.D. and Duggan-Haas, D., 2012. Virtual fiel[dwork in geoscience teacher education:
Issues, techniques, and models. Geological society of America special papers, 492,
pp.285-303.

75



Grieves, M. and Vickers, J., 2017. Digital twin: Mitigating unpredictable, undesirable emergent
behavior in complex systems. Transdisciplinary perspectives on complex systems: New
findings and approaches, pp.85-113.

Grosser, P.F, Xia, Z., Alt, J., RUppel, U. and Schmalz, B., 2023. Virtual field trips in hydrological
field laboratories: The potential of virtual reality for conveying hydrological engineering
content. Education and Information Technologies, 28(6), pp.6977-7003.

Guillaume, L., Laurent, V. and Genge, M.., 2023. Immersive and interactive three-
dimensional virtual fieldwork: Assessing the student learning experience and value to
improve inclusivity of geosciences degrees. Journal of Geoscience education, 71(4),
pp.462-475.

Gunderson, K.L., Holmes, R.C. and Loisel, J., 2020. Recent digital technology trends in
geoscience teaching and practice. GSA Today, 30(1), pp.39-41. Learning and Teaching
Geological Field Skills in a Virtual World: Insights From an Undergraduate Virtual Fieldtrip
in Kinlochleven, Scotland. Earth Science, Systems and Society, 4(1), p.10128.

Haleem, A., Javaid, M., Qadri, M.A. and Suman, R., 2022. Understanding the role of digital
technologies in education: A review. Sustainable operations and computers, 3, pp.275-
285.

Hall, T., Healey, M., and Harrison, M. 2004. Fieldwork and disabled students: Discourses of
exclusion and inclusion. Journal of Geography in Higher Education, 28(2), 255-280.

Hamash, M., Ghreir, H. and Tiernan, P., 2024. Breaking through barriers: A systematic review
of extended reality in education for the visually impaired. Education Sciences, 14(4),
p.365.

Hamylton, S.M., Power, H.E., Gallop, S.L. and Vila-Concejo, A., 2023. The challenges of
fieldwork: Improving the experience for women in coastal sciences. Cambridge Prisms:
Coa

Harknett, J., Whitworth, M., Rust, D., Krokos, M., Kearl, M., Tibaldi, A., Bonali, F.L., De Vries,
B.V.W.,, Antoniou, V., Nomikou, P. and Reitano, D., 2022. The use of immersive virtual reality
for teaching fieldwork skills in complex structural terrains.Journal of Structural
Geology, 163, p.104681.

Heidarinejad, M. and Srivastava, A., 2023, June. Implication of Developing Digital Twins to
Improve Students’ Learning Experiences. In 2023 ASEE Annual Conference & Exposition.

Hennessy et al., 2023. CORK - COUNTY GEOLOGICAL SITE REPORT. Geological Survey Ireland.

Hicks, P., 2016. The pros and cons of using virtual reality in the classroom. eLearning
Industry, 29.

76



Higher Education Authority. 2023. A profile of students with a disability in HE in Ireland:
Executive summary. Retrieved July 15, 2025, from https://hea.ie/statistics/data-for-
download-and-visualisations/students/widening-participation-for-equity-of-
access/student-disability-data-eas-disability-2023/

Higher Education Authority. 2024. Key facts & figures. [online] Available at:
https://hea.ie/statistics/data-for-download-and-visualisations/key-facts-figures/
[Accessed 8 Apr. 2025].

Hill, J. and Nelson, M., 2011. Evaluating the perceived effectiveness of video podcasts as a
learning resource for geography. Planet, 24(1), pp.76-82.

Honarmand, M. and Shahriari, H., 2021. Geological mapping using drone-based
photogrammetry: An application for exploration of vein-type Cu mineralization. Minerals,
11(6), p.585.

Hopkins, S.L., Round, P.N. and Barley, K.D., 2018. Preparing beginning teachers for inclusion:
Designing and assessing supplementary fieldwork experiences. Teachers and
Teaching, 24(8), pp.915-930.

Horota, R.K., Rossa, P., Marques, A., Gonzaga, L., Senger, K., Cazarin, C.L., Spigolon, A. and
Veronez, M.R., 2022. An Immersive Virtual Field Experience Structuring Method for
Geoscience Education. IEEE Transactions on Learning Technologies, 16(1), pp.121-132.

Iheaturu, C.J., Ayodele, E.G. and Okolie, C.J., 2020. An assessment of the accuracy of
structure-from-motion (SfM) photogrammetry for 3D terrain mapping. Geomatics,
landmanagement and landscape, 2, pp.65-82.

Jacobson, A.R., Militello, R. and Baveye, P.C., 2009. Development of computer-assisted virtual
field trips to support multidisciplinary learning. Computers & Education, 52(3), pp.571-
580.

James, M.R., Chandler, J.H., Eltner, A., Fraser, C., Miller, P.E., Mills, J.P., Noble, T., Robson, S.
and Lane, S.N., 2019. Guidelines on the use of structure-from-motion photogrammetry in
geomorphic research. Earth Surface Processes and Landforms, 44(10), pp.2081-2084.

Jana, S., Pal, M., Pal, K., AnurimaMajumdar, A. and Biswas, S., Transforming Education with Al
And XR Technologies.

Janeras, M., Roca, J., Gili, J.A., Pedraza, O., Magnusson, G., Nufez-Andrés, M.A. and Franklin,
K., 2022. Using mixed reality for the visualization and dissemination of complex 3D models
in geosciences—application to the Montserrat massif (Spain). Geosciences, 12(10), p.370.

Jarvis, T., and Pell, A. 2005. Factors influencing elementary school children’s attitudes toward
science before, during, and after a visit to the UK National Space Centre. Journal of
Research in Science Teaching, 42(1), 53—-83.

77



Jiménez, G., Latiff, A.H. and Schulze, K., 2024. Subsurface Geosciences Learning in Virtual
Reality: A Case Study in Central Luconia Province, Malaysia. Earth Science, Systems and
Society, 4(1), p.10118.

Jones, J.C. and Washko, S., 2022. More than fun in the sun: The pedagogy of field trips
improves student learning in higher education. Journal of Geoscience Education, 70(3),
pp.292-305.

Juvonen, J., Lessard, L.M., Rastogi, R., Schacter, H.L. and Smith, D.S., 2019. Promoting social
inclusion in educational settings: Challenges and opportunities. Educational
Psychologist, 54(4), pp.250-270.

Kanun, E., Alptekin, A. and Yakar, M., 2021. Cultural heritage modelling using UAV
photogrammetric methods: a case study of Kanlidivane archeological site. Advanced
UAV, 1(1), pp.24-33.

Karwowska, K. and Wierzbicki, D., 2022. Using super-resolution algorithms for small satellite
imagery: A systematic review. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 15, pp.3292-3312.

Kavanagh, S., Luxton-Reilly, A., Wuensche, B. and Plimmer, B., 2017. A systematic review of
virtual reality in education. Themes in Science and Technology Education, 10(2), pp.85-
119.

Keil, J., Edler, D., Schmitt, T. and Dickmann, F., 2021. Creating immersive virtual environments
based on open geospatial data and game engines. KN-Journal of Cartography and
Geographic Information, 71(1), pp.53-65.

Kent, M., Gilbertson, D. D., and Hunt, C. O. 1997. Fieldwork in geography teaching: A critical
review of the literature and approaches. Journal of Geography in Higher Education, 21(3),
313-332.

Kessel, S.2008. Laeringsmiljget ved 3 og 4-arige profesjonsutdanninger. Forskjeller og likheter
i studiehverdagen for studenter med og uten funksjonsnedsettelser [The Learning
Environment at 3 and 4-Year Professional Training. Differences and Similarities in the
Studies for Students with and Without Impairments]. Oslo: Hggskolen i Oslo.

King, C., 2008. Geoscience education: an overview. Studies in Science Education, 44(2),
pp.187-222.

Koci, J., Jarihani, B., Leon, J.X., Sidle, R.C., Wilkinson, S.N. and Bartley, R., 2017. Assessment
of UAV and ground-based structure from motion with multi-view stereo photogrammetry
in a gullied savanna catchment. ISPRS International Journal of Geo-Information, 6(11),
p.328.

Komscha, S., 2024. Utilizing the multiplayer mode and its benefits in a simulation intended
for educational use.

78



Krakowka, A. R. 2012. Field trips as valuable learning experiences in geography courses.
Journal of Geography, 111(6), 236—-244.

Krause, P., Szekely, O., Bloom, M., Christia, F., Daly, S. Z., Lawson, C., & Reno, W. 2021. COVID-
19 and fieldwork: Challenges and solutions. PS: Political Science & Politics, 54(2), 264—
269.

Krogh, K., Bearman, M., and Nestel, D. 2016. “Thinking on your feet” —a qualitative study of
debriefing practice. Advances in Simulation, 1, 1-11.

Kwan, T., and So, M. 2008. Environmental learning using a problem-based approach in the
field: A case study of a Hong Kong school. International Research in Geographical and
Environmental Education, 17(2), 93-113.

Larsen, C., Walsh, C., Almond, N. and Myers, C., 2017. The “real value” of field trips in the
early weeks of higher education: the student perspective. Educational Studies, 43(1),
pp.110-121.

Lawrence, A. and Dowey, N., 2022. Six simple steps towards making GEES fieldwork more
accessible and inclusive. Area, 54(1), pp.52-59.

Lee, H., Stern, M. J., and Powell, R. B. 2020. Do pre-visit preparation and post-visit activities
improve student outcomes on field trips? Environmental Education Research, 26(7), 989—
1007.

Lindsay, G., 2003. Inclusive education: a critical perspective. British journal of special
education, 30(1), pp.3-12.

Liubogoshchev, M., Ragimova, K., Lyakhov, A., Tang, S. and Khorov, E., 2021. Adaptive cloud-
based extended reality: Modeling and optimization. IEEE Access, 9, pp.35287-35299.

Lo, S.C. and Tsai, H.H., 2022. Design of 3D virtual reality in the metaverse for environmental
conservation education based on cognitive theory. Sensors, 22(21), p.8329.

Mackenzie, L. 2002. Briefing and debriefing of student fieldwork experiences: Exploring
concerns and reflecting on practice. Australian Occupational Therapy Journal, 49(2), 82—
92.

Maghool, S.A.H., Moeini, S.H.l. and Arefazar, Y., 2018. An educational application based on
virtual reality technology for learning architectural details: challenges and
benefits. Archnet-l1JAR: International Journal of Architectural Research, 12(3), p.246.

Makransky, G., and Mayer, R. E. 2022. Benefits of taking a virtual field trip in immersive virtual
reality: Evidence for the immersion principle in multimedia learning. Educational
Psychology Review, 34(3), 1771-1798.

79



Marinos, V., Farmakis, |., Chatzitheodosiou, T., Papouli, D., Theodoropoulos, T., Athanasoulis,
D. and Kalavria, E., 2025. Engineering Geological Mapping for the Preservation of Ancient
Underground Quarries via a VR Application. Remote Sensing, 17(3), p.544.

Mayer, R.E., 2002. Cognitive theory and the design of multimedia instruction: an example of
the two-way street between cognition and instruction. New directions for teaching and
learning, 2002(89), pp.55-71.

McKnight, R.R., Pean, C.A., Buck, J.S., Hwang, J.S., Hsu, J.R. and Pierrie, S.N., 2020. Virtual
reality and augmented reality—translating surgical training into surgical
technique. Current reviews in musculoskeletal medicine, 13, pp.663-674.

Messiou, K., 2017. Research in the field of inclusive education: time for a
rethink?. International journal of inclusive education, 21(2), pp.146-159.

Mikhail, E.M., J.S. Bethel, and J.C. McGlone, 2001. Introduction to Modern Photogrammetry,
John Wiley & Sons, New York, 479 p

Minocha, S., Tilling, S. and Tudor, A.D., 2018. Role of virtual reality in geography and science
fieldwork education.

Miseviciene, R., Ambraziene, D., Tuminauskas, R. and Pazereckas, N., 2012. Educational
infrastructure using virtualization technologies: Experience at kaunas university of
technology. Informatics in Education, 11(2), pp.227-240.

Mishra, S. and Sharma, R.C., 2005. Interactive multimedia in education and training. Idea
Group Pub.

Mogk, D.W. and Goodwin, C., 2012. Learning in the field: Synthesis of research on thinking
and learning in the geosciences.

Moore-Cherry, N., Healey, R., Nicholson, D.T. and Andrews, W., 2016. Inclusive partnership:
Enhancing student engagement in geography.Journal of Geography in Higher
Education, 40(1), pp.84-103.

Moreno, R., and Mayer, R. E. 2004. Personalized messages that promote science learning in
virtual environments. Journal of Educational Psychology, 96(1), 165.

Mosher, S. and Keane, C. eds., 2021. Vision and change in the geosciences: The future of
undergraduate geoscience education. American Geosciences Institute.

Mukherjee, S., 2018. Role of multimedia in education. Edelweiss Applied Science and
Technology, 2(1), pp.245-247.

Narciso, D., Melo, M., Rodrigues, S., Paulo Cunha, J., Vasconcelos-Raposo, J. and Bessa, M.,
2021. A systematic review on the use of immersive virtual reality to train
professionals. Multimedia Tools and Applications, 80, pp.13195-13214.

80



Neo, T.K. and Neo, M., 2004. Classroom innovation: Engaging students in interactive
multimedia learning. Campus-Wide Information Systems, 21(3), pp.118-124.

Newman, M.A.R.K., Gatersleben, B., Wyles, K.J. and Ratcliffe, E., 2022. The use of virtual
reality in environment experiences and the importance of realism. Journal of
environmental psychology, 79, p.101733.

Nikolakopoulos, K., Kyriou, A., Koukouvelas, I., Zygouri, V. and Apostolopoulos, D., 2019.
Combination of aerial, satellite, and UAV photogrammetry for mapping the diachronic
coastline evolution: the case of Lefkada Island. ISPRS International Journal of Geo-
Information, 8(11), p.489.

Nufez, A.M., Posselt, J.R., Hallmark, T., Rivera, J. and Southern, D., 2021. The organization of
learning in geoscience fieldwork and implications for inclusion. Journal of Women and
Minorities in Science and Engineering, 27(3).

Ok, E., 2025. Traditional Surveying vs. UAV Drone-Based Structure-from-Motion
Advancements in Topographical Mapping Accuracy and Efficiency.

O'Leary, N., Murphy, D., Condon, E., Lonergan, D., Lordan, N., Ni Théachdin, D., O Buachalla,
C., Ui Ghealbhain, C., McHugh, M., O'Hehir, C. and Reen, F.J., 2025. Immersive virtual
reality in second level education: a partnered narrative on the challenges and
opportunities for STEM engagement. Access Microbiology, pp.001028-v3.

Orion, N. 1993. A model for the development and implementation of field trips as an integral
part of the science curriculum. School Science and Mathematics, 93, 325—-331.

Orion, N., and Hofstein, A. 1994. Factors that influence learning during a scientific field trip in
a natural environment. Journal of Research in Science Teaching, 31(10), 1097-1119.

Oyler, M., 2014. Does the Use of Virtual Field Trips Increase Vocabulary and Comprehension
Scores for Students with Learning Disabilities? (Doctoral dissertation, Northwest Missouri
State University).

Ozdemir, M.A., 2021. Virtual reality (VR) and augmented reality (AR) technologies for
accessibility and marketing in the tourism industry, ICT Tools and Applications for
Accessible Tourism,IGl Global, pp. 277-301.

Pasquaré Mariotto, F. and Bonali, F.L.,, 2021. Virtual geosites as innovative tools for
geoheritage popularization: A case study from Eastern Iceland. Geosciences, 11(4), p.149.

Pathak, R.K. and Upadhyay, P., 2024. Integration of Digital Twins Technologies in Education for
Experiential learning: Benefits and Challenges. International Research Journal on
Advanced Engineering Hub (IRJAEH), 2(03), pp.442-449

81



Peace, A.L., Gabriel, J.J. and Eyles, C., 2021. Geoscience fieldwork in the age of COVID-19 and
beyond: Commentary on the development of a virtual geological field trip to Whitefish
Falls, Ontario, Canada. Geosciences, 11(12), p.489.

Petcovic, H. L., Stokes, A., and Caulkins, J. L. 2014. Geoscientists' perceptions of the value of
undergraduate field education. GSA Today, 24(7), 4-10.

Piccardi, L., Massidda, M., Travaglini, L., Pescarin, S., Giancola, M., Palmiero, M., Deflorian,
M., Apollaro, S., Lista, R. and Nori, R., 2025. Comparing Immersive and Non-Immersive VR:
Effects on Spatial Learning and Aesthetic Experience in Museum Settings. Brain
Sciences, 15(8), p.852.

Pugsley, J.H., Howell, J.A., Hartley, A., Buckley, S.J., Brackenridge, R., Schofield, N., Maxwell,
G., Chmielewska, M., Ringdal, K., Naumann, N. and Vanbiervliet, J., 2022. Virtual field trips
utilizing virtual outcrop: construction, delivery and implications for the future. Geoscience
Communication, 5(3), pp.227-249.

Punch, S. 2012. Hidden struggles of fieldwork: Exploring the role and use of field diaries.
Emotion, Space and Society, 5(2), 86—93.

Qui, W. and Hubble, T.,, 2002. The Advantages and Disadvantages of Virtual Field Trips in
Geoscience Education. The China Papers, 13, 75-79. Ramasundaram. V. Grunwald S.
Mangeot, A. Comerford N.B.& Bliss C.M. (2005). Development of an environmental virtual
field laboratory, Computers & Education 45 (1), 21-34

Rackaway, C., 2012. Video killed the textbook star?: Use of multimedia supplements to
enhance student learning. Journal of Political Science Education, 8(2), pp.189-200.

Ramasundaram, V., Grunwald, S., Mangeot, A., Comerford, N. B., & Bliss, C. M. 2005.
Development of an environmental virtual field laboratory. Computers & Education, 45(1),
21-34.

Rauschnabel, P. A,, Babin, B. J., tom Dieck, M. C., Krey, N., & Jung, T. 2022. What is augmented
reality marketing? Its definition, complexity, and future. Journal of Business Research,
142, 1140-1150.

Remmen, K. B., and Frgyland, M. 2015. Supporting student learning processes during
preparation, fieldwork and follow-up work: Examples from upper secondary school in
Norway. Nordic Studies in Science Education, 11(1), 118-134.

Richards, S., 2023. Student engagement using hololens mixed-reality technology in human
anatomy laboratories for osteopathic medical students: an instructional model. Medical
Science Educator, 33(1), pp.223-231

Ritter lll, K.A. and Chambers, T.L., 2022. Three-dimensional modeled environments versus 360
degree panoramas for mobile virtual reality training. Virtual Reality, 26(2), pp.571-581.

82



Rountree, S., 2024. Hundreds of Cork college students go to lectures hungry as cost of living
bites. Cork Beo, 21 September. Available at: https://www.corkbeo.ie/news/local-
news/hundreds-cork-college-students-go-29979669 [Accessed 8 April 2025].

Rouse, M., 2006. Enhancing effective inclusion practice. Knowing, doing, and
believing. Kairaranga, 7(3), pp.8-13.

Rumiantseva, K., Yevdokymova, N., Bratushka, S., Kharchenko, N. and lievliey, O., 2023. The
importance of multimedia means usage in improving the quality of education. Cadernos
de Educacdo Tecnologia e Sociedade, 16(3), pp.665-674.

Rutkofske, J.E., Pavlis, T.L. and Ramirez, S., 2022. Applications of modern digital mapping
systems to Assist inclusion of persons with disabilities in geoscience education and
research. Journal of Structural Geology, 161, p.104655.

Samala, A.D., Bojic, L., Soha, R., Miftachul Arif, Y., Tsoy, D. and Pereira Coelho, D., 2024.
Extended reality for education: Mapping current trends, challenges, and applications.
Jurnal Pendidikan Teknologi Kejuruan, 7(3), pp.140-169.

Schenk, T., 2005. Introduction to photogrammetry. The Ohio State University, Columbus,
106(1).

Schulze, D.G., Rahmani, S.R., Minai, J.0., Johnston, C.T., Fulk-Bringman, S.S., Scott, J.R., Kong,
N.N., Li, Y.S. and Mashtare Jr, M.L., 2021. Virtualizing soil science field trips. Natural
Sciences Education, 50(1), p.e20046.

Sefercik, U.G., Kavzoglu, T., Nazar, M., Atalay, C. and Madak, M., 2021. Integration of High
Resolution UAV Data Into the Virtual Environment. In International Symposium on Applied
Geoinformatics (pp. 1-5).

Silva, R.M., Martins, P. and Rocha, T., 2025. Virtual reality educational scenarios for students
with ASD: Instruments validation and design of STEM programmatic contents. Research in
Autism Spectrum Disorders, 119, p.102521.

Slee, R. 2018. Defining the Scope of Inclusive Education. United Nations Educational, Scientific
and Cultural Organisation.

Sleeman, A. G., Daly, E. P., & Pracht, M. 1994. Geology of South Cork: A Geological Description.
Geological Survey of Ireland.

Sleeman, A.G., Daly, E.P. and Pracht, M., 1994. Geology of South Cork: A Geological
Description of South Cork and Ajoining Parts of Waterford to Accompany the Bedrock
Geology 1: 100,000 Scale Map Series, Sheet 25, South Cork. Geological Survey of Ireland.

Sofiadin, A., 2024, June. Threats of Extended Reality (XR) Applications to Teaching and
Learning: Instructors’ perspectives. In 2024 IEEE 25th International Symposium on a
World of Wireless, Mobile and Multimedia Networks (WoWMoM) (pp. 76-78). IEEE.

83



Spicer, J. I., and Stratford, J. 2001. Student perceptions of a virtual field trip to replace a real
field trip. Journal of Computer Assisted Learning, 17(4), 345—-354.

Stainfield, J., Fisher, P., Ford, B., & Solem, M. 2000. International virtual field trips: A new
direction? Journal of Geography in Higher Education, 24(2), 255-262.

Stokes, A. and Boyle, A.P., 2009. The undergraduate geoscience fieldwork experience:
Influencing factors and implications for learning.

Stokes, A., Collins, T., Maskall, J., Lea, J., Lunt, P. and Davies, S., 2012. Enabling remote access
to fieldwork: Gaining insight into the pedagogic effectiveness of ‘direct ’ and ‘remote ’
field activities. Journal of Geography in Higher Education, 36(2), pp.197-222.

Stokes, A, Feig, A. D., Atchison, C. L., & Gilley, B. 2019. Making geoscience fieldwork inclusive
and accessible for students with disabilities. Geosphere, 15(6), 1809—1825.

Sweller, J., Ayres, P. and Kalyuga, S., 2011. The expertise reversal effect. In Cognitive load
theory (pp. 155-170). New York, NY: Springer New York.

Szyrocka, J.R., Zywiotek, J., Nayyar, A. and Naved, M. eds., 2023. Advances in distance learning
in times of pandemic. CRC Press.

Tavani, S., Billi, A., Corradetti, A., Mercuri, M., Bosman, A., Cuffaro, M., Seers, T. and Carminati,
E., 2022. Smartphone assisted fieldwork: Towards the digital transition of geoscience
fieldwork using LiDAR-equipped iPhones. Earth-Science Reviews, 227, p.103969.

Thomas, L., and May, H. 2010. Inclusive learning and teaching in higher education. York:
HigherEducation Academy.

Thonnessen, N.I.L.S. and Budke, A.L.E.X.A.N.D.R.A., 2020. The use of digital field trip guides
for’learning on-site’and’virtual excursions’ in a covid-19 world. What teacher educators
should have learned from, pp.255-266.

Tibaldi, A., Bonali, F.L., Vitello, F., Delage, E., Nomikou, P., Antoniou, V., Becciani, U., de Vries,
B.V.W., Krokos, M. and Whitworth, M., 2020. Real world—based immersive Virtual Reality
for research, teaching and communication in volcanology. Bulletin of Volcanology, 82(5),
p.38.

Tuthill, G. and Klemm, E.B., 2002. Virtual field trips: Alternatives to actual field
trips. International journal of instructional media, 29(4), p.453.

UNESCO. 2017. Education for Sustainable Development Goals: Learning objectives. Paris:
UNESCO.

Vagg, T., Balta, lY., Bolger, A. and Lone, M., 2020. Multimedia in education: what do the
students think?. Health Professions Education, 6(3), pp.325-333.

84



Vandelli, V., Migon, P., Palmgren, Y., Spyrou, E., Saitis, G., Andrikopoulou, M. E., & Lissak, C.
2024. Towards enhanced understanding and experience of landforms, geohazards, and
geoheritage through virtual reality technologies in education. Geosciences, 14(5), 127.

Vijayalakshmi, A. and Reddy, P.J.K., 2020. Role of multimedia on motivation and knowledge
retention. The International Journal of Analytical and Experimental Modal,(12), 4,
pp.1500-1509.

Vila-Concejo, A., Gallop, S.L., Hamylton, S.M., Esteves, L.S., Bryan, K.R., Delgado-Fernandez,
l., Guisado-Pintado, E., Joshi, S., da Silva, G.M., Ruiz de Alegria-Arzaburu, A. and Power,
H.E., 2018. Steps to improve gender diversity in coastal geoscience and
engineering. Palgrave Communications, 4(1), pp.1-9.

Vygotsky, L.S., 1978. Mind in society: The development of higher psychological
processes (Vol. 86). Harvard university press.

Waitoller, F.R. and Kozleski, E.B., 2013. Working in boundary practices: Identity development
and learning in partnerships for inclusive education. Teaching and Teacher Education, 31,
pp.35-45.

Walqui, A., 2006. Scaffolding instruction for English language learners: A conceptual
framework. International journal of bilingual education and bilingualism, 9(2), pp.159-
180.

Walsh, J., Boyle, F., Moriarty, P., Locke, A., McMahon, D., Katamreddy, S. and Riordan, D., 2019.
The development of VR expeditions for primary school learning. In EDULEARN19
Proceedings (pp. 8535-8540). IATED.

Wang, M., Wu, J., An, N. and Lin, M., 2023. The effect of emotional experiences in fieldwork:
embodied evidence from a visual approach. Journal of Geography in Higher Education,
47(2), pp.188-209.

Watson, A., Kennedy, B.M., Davidson, J., Brogt, E. and Jolley, A., 2024. The implementation of
a virtual field trip to aid geological interpretation within an undergraduate volcanology
course. Journal of Geoscience education, 72(3), pp.220-232.

Welsh, K. and France, D., 2012. Smartphones and fieldwork. Geography, 97(1), pp.47-51.

Westoby, M.J., Brasington, J., Glasser, N.F., Hambrey, M.J. and Reynolds, J.M., 2012.
‘Structure-from-Motion’photogrammetry: A low-cost, effective tool for geoscience
applications. Geomorphology, 179, pp.300-314.

Whitmeyer, S.J., Atchison, C. and Collins, T.D., 2020. Using mobile technologies to enhance
accessibility and inclusion in field-based learning. Gsa Today, 30.

85



Williams, Chris and Patrick Harkin. 1999. “Multimedia Computer-Based Learning: A
Developing Role in Teaching, CPD and Patient Care.” Advances in Psychiatric Treatment5:
390-394.200 C. Rackawayhelp

Wohlgenannt, I., Simons, A. and Stieglitz, S., 2020. Virtual reality. Business & Information
Systems Engineering, 62, pp.455-461.

Zhao, J., LaFemina, P., Carr, J., Sajjadi, P., Wallgriin, J.0. and Klippel, A., 2020, March. Learning
in the field: Comparison of desktop, immersive virtual reality, and actual field trips for
place-based STEM education. In 2020 IEEE conference on virtual reality and 3D user
interfaces (VR) (pp. 893-902). IEEE.

Zhao, J., Wallgriin, J.0., LaFemina, P.C., Normandeau, J. and Klippel, A., 2019. Harnessing the
power of immersive virtual reality-visualization and analysis of 3D earth science data
sets. Geo-spatial Information Science, 22(4), pp.237-250.

Zheng, J.M., Chan, K.W. and Gibson, I., 1998. Virtual reality. leee Potentials, 17(2), pp.20-23.

Zulhilmi, A. and Hayakawa, Y.S., 2025. Immersive virtual reality fieldwork investigation of a
landslide in Hokkaido, Japan. Environmental Earth Sciences, 84(1), p.2.

86



Appendix |
Ethics Approval

Ethical approval for this study was requested by the Social Research Ethics Committee (SREC) in
advance of carrying out the research due to direct interactions with students to collect data on their
performance and experience using the Garryvoe VRF.

In the application, the following documents were included:

e Information sheet for both worksheets and reflective statements, to inform students of the
study's purpose and the fieldwork structure

e Research consent form for both worksheets and reflective statements, to obtain students'

consent to participate
o Sample worksheet featuring fieldwork activities

o Reflective statement featuring a Likert scale and open questions

The ethics form was drafted and submitted on 13/10/2024 under the log number 2024-241

and subsequently approved on 20/12/2024.
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Appendix Il

Reflective statement

After completing your VR fieldtrip, you are asked to answer the questions in the following sections.

I How strongly do you agree or disagree with these statements?

Strongly Disagree Neither Agree Strongly
Disagree Agree nor Agree
Disagree
The VR fieldtrip was easy to access. 1 2 3 4 5
The instructions in the VR fieldtrip were 1 2 3 4 5
clear.
The VR technology was easy to use 1 2 3 4 5
| found the use of VR challenging
The VR experience was more engaging 1 2 3 4 5
compared to classroom learning
The VR field trip enhanced my knowledge 1 2 3 4 5
of topics discussed in class
This VR fieldtrip improved my ability to 1 2 3 4 5
remember key topics studied during class
The VR field trip is a good alternative to 1 2 3 4 5

fieldwork

. Below you have five questions, for each provide a short answer based on your experience
in using the VR fieldtrip.

1. Please provide reflections on how the VR fieldtrip supported or enhanced your learning in
this module
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2. Please reflect on the ways you felt the VR technology allowed you to visualize and
understand geological phenomena.

3. Please reflect on the ways the VR technology helped you retain the information learnt in
class

4. Please describe what you found to be challenging about using the VR technology.

5. Inyour opinion should VR technology be used more frequently in geography classes and if so,
how could it be replicated in future modules or assignments?

6. Inyour opinion, what was the most important aspect of completing this VR fieldtrip to
support your learning in this module?
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