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Foreword
Abstract
This research explores the evolving landscape of fieldwork practice, particularly the integration

of digital tools in Higher Education (HE) fieldwork within the biosciences.

Informed by expert panel interviews, a facilitators of fieldwork survey and student focus groups,
the study examines the purpose of both traditional in-field approaches and emerging digital
fieldwork practice. A fieldwork taxonomy is presented within this research, which uses

pedagogic approach and delivery mode to define fieldwork practice.

It investigates the role students can play in co-designing digital tools to address specific
pedagogical challenges in fieldwork. Using an iterative design process, the research develops a
Digital Field Notebook (DFN), Digital preparation resources, and a Virtual Field Trip (VFT).
Student feedback is also used to exemplify the Technology Pedagogic and Content Knowledge
(TPACK) framework to support the integration of technology in fieldwork. Additionally,
expanding upon the role of student partnership, this research examines the feasibility of
working with students to design, develop and deliver low-cost live fieldwork broadcasts. In
evaluating the co-production partnership valuable insights into skill development and the future
role of live broadcasting in fieldwork are shared. Despite students being involved in developing
the DFN and recognising the benefits of this digital tool, barriers to the digital tools, barriers to

their adoption within biosciences fieldwork remain.

Recognising the need for practitioner training to address knowledge and skills gaps when
adopting digital tools and the potential for adopting open scholarship practice, the digital tools
were shared with the wider fieldwork community as Open Education Resources (OERs) during
participatory workshops. These workshops played a key role in disseminating the tools,
increases knowledge of the digital tools with participants, facilitating collaboration among
attendees, fostering new ideas and supporting the integration of digital tools in fieldwork

practice.
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categories of the assessment rubric (list features present, detailed description, specialised
vocabulary, interpretation offered).

Table 5.17 Digital Field Notebook (DFN) entries which offered explanation and specific detail
on the consequences of the identified physical processes and/or human impacts.

Table 5.18 Summary of the deductive content analysis undertaken on student responses to
the question ‘What does the term ‘Nature Connectedness’ mean to you?’ using the six
identified summary themes from the reflexive thematic analysis. Student quotes are
provided to to illustrate these themes.

Table 5.19 Student quotes to illustrate comprehensive responses to the question; 'What does
the term' Nature Connectedness' mean to you?' in the pre-fieldwork survey.

Table 5.20 Principal Component Analysis (PCA) values identifying three principal components
to the themes from the student responses to the questions 'What does the term 'Nature
Connectedness' mean to you?' and degree choice.

Table 5.21 Frequency of the content analysis within student responses to the Digital Field
Notebook (DFN) prompt; 'Three good things in nature' (Richardson et al., 2015).

Table 5.22 Frequency of students' responses to the Digital Field Notebook (DFN) prompt;
'Share something that has brought you joy and wonder at this location?' summarised into
themes.
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Table 5.23 Student quotes to illustrate the themes identified from students' responses to the
Digital Field Notebook (DFN) prompt; 'Share something that has brought you joy and wonder
at this location?"

Table 6.1 Engagement metrics from the participatory workshops.

Table 6.2 Total number of Padlet posts and Zoom comments across all five workshops
categorised by question or prompt used in the participatory workshop.

Table 6.3 Median Likert response of each digital approach (with range) and Mann-Whitney- U
Pairwise comparisons of the groupings of all four digital approaches indicating between
which digital approaches there is a significant difference between participant responses
assessing their current use of the approach; ‘How often do you use each of the digital
fieldwork approaches?’

Table 6.4 Median Likert response of each digital approach (with range) and Mann-Whitney-U
pairwise comparisons of the groupings of all four digital fieldwork approaches. Indicated
between which digital approaches there is a significant difference between participant
responses assessing the likelihood of adopting each of the approaches; ‘How likely after this
workshop are you to adopt each of the digital fieldwork tools?’

Table 6.5 Participant quotes to illustrate positive (yellow) and negative (blue) sentiments
expressed at the start of the workshop in response to the question; 'What are your opinions
on embedding digital tools in fieldwork?'

Table 6.6 Participant quotes to illustrate sentiments expressed in the post-workshop survey
in response to the questions; '"What are your opinions on embedding digital tools in
education?' and 'How will you use what you have learned?’

Table 6.7 Participant responses illustrating Virtual Field Trips (VFTs), Live broadcasts, Digital
Field Notebooks (DFNs) and digital preparation resources as a source of inspiration.

Table 6.8 Examples of participants Digital Action Plans (DAPs) illustrating development areas
post-workshop. (Digital Field Notebook = DFN; Virtual Field Trip = VFT).

Table 6.9 Participant quotes exemplifying areas of key learning from the workshops.

Table 6.10 Median Likert response of each digital approach (with range) and Mann Whitney-
U Pairwise comparisons of the groupings of all four digital fieldwork approaches. Indicating
between which digital approaches there is a significant difference between participant
responses to the statement; ‘The training workshop has increased my knowledge of Live
broadcast, Digital Field Notebooks (DFNs), Digital preparation resources and Virtual Field
Trips (VFTs).

Table 6.11 Least and most useful aspects of the workshop shared within the post-workshop
survey (n =48).

Table 6.12 Participant feedback on the workshop shared within the post-workshop survey (n
=48).
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Background to the research

Personal motivations for the research

Having worked in the fieldwork education sector since 2010 facilitating fieldwork for
students across a range of ages, | have witnessed firsthand the transformative impact that
outdoor education can have on young people. During this time, | have also worked to train
many practitioners and colleagues in delivering fieldwork to diverse learners. In this training
role | have advocated to dispel the assumption within the sector, that fieldwork is beneficial
for all learners, all the time. In my opinion, this assumption can perpetuate equality,
diversity, and inclusion (EDI) barriers in fieldwork. It can also result in the blame being placed
on learners themselves, if they do not have a positive fieldwork experience, rather than

acknowledging or addressing the systemic barriers they may face.

In my professional experience, there are learners who are currently underserved within
fieldwork, and as such do not fully benefit both educationally or personally from the
experience. During the Covid-19 pandemic and the first UK lockdown from March to July
2020, fieldwork was stopped, and access to outdoor spaces restricted. Like many in the
fieldwork sector, | worked to swiftly transition fieldwork to digital formats and delivery
modes. While these digital fieldwork approaches could not fully replicate the outdoor
experience, they provided an imperfect alternative that was necessary at this time. This
period (March to July 2020) highlighted to me the potential for digital tools and digital
delivery mechanisms to enhance existing fieldwork practice, better serve the needs of all

learners and extend the reach of fieldwork education.

These formative experiences, coupled with my work in educational development during the
Covid-19 pandemic inspire my current research, where | aim to explore the potential of
collaborating with students to develop digital tools that address the challenges learners face

in fieldwork, enrich their experiences, and foster a culture of belonging within the field.

Research positionality

| have always felt at ease in the outdoors, enjoying many positive fieldwork experiences and
taking pleasure in facilitating fieldwork for others for over a decade. Despite being an active

participant and advocate for EDI within the sector, | recognise that my perspective is shaped
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by my identity as a white, working-class, cisgender woman without disabilities. This

inevitably limits my understanding of the challenges that others may face during fieldwork.

To address this and to broaden my perspective and enhance my own practice, | have actively
sought opportunities to deepen my understanding of the experience of others during
fieldwork. This underpins the aims of this research and is reflected in my research design
where | have worked in partnership with students and engaged with other interested and
affected parties during the exploration phase to uncover experiences of in-field fieldwork
and digital fieldwork. Additionally, the insights gained from recent research projects and
trainings such as Inclusivity in the Outdoors, Equator 2.0, and Cultivate have been pivotal in
expanding my views. Like many in the field, | am continually working to increase my
knowledge and experience in supporting those learners who are currently underserved in

fieldwork environments.

Choice of language within this research

Although acronyms are defined within this research, certain terms used throughout the
chapters may be interpreted differently by various readers. Table 0.1 offers definitions to

ensure consistency of understanding of these terms within the context of this research.
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Table 0.1 Definitions of key terms used throughout this research.

Term

Definition within this research

Fieldwork.

Teaching and learning activities that incorporate observing,
collecting, and analysing information about the natural or built
environment. With the aim of understanding the natural or built
environment, developing subject-specific and/or transferable

skills.

In-field fieldwork.

Fieldwork teaching and learning activities that occur outdoors in

the natural or built environment.

Digital fieldwork.

The use of digital tools and approaches to deliver fieldwork

teaching and learning activities.

Blended fieldwork.

The combination of in-field and digital fiel[dwork components that

are integrated to present a learning pathway for fieldwork.

Hybrid fieldwork.

The combination of in-field and digital fiel[dwork components that
happen at the same time. For example, some students may be
collecting data in the field, while other students are analysing that

data in real-time and comparing to secondary data available.

Virtual Field Trip.

A digital representation of a fieldwork environment.

Student. Specific learners who are engaged within the research process
presented in this thesis.
Learner(s). A person(s) who is in the process of gaining knowledge and/or

developing skills through fieldwork but is not directly involved with

this current research process.

Practitioner(s).

Specific facilitator(s) who are engaged within this research

process.

Facilitator(s).

The staff member(s) that are involved in supporting the teaching
and learning during fieldwork but are not directly involved with

this current research process.

Open Education

Resources.

Free and publicly available teaching and learning resources.

Digital tools.

Software, hardware, websites, and applications (apps) that

facilitate and enhance teaching and learning.
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Pedagogy, Methods of practice that are used to teach and through which
pedagogic learning occurs.

approach.

Digital delivery Delivery of and learning from material delivered via digital
mode, digital channels or using digital tools and technologies.

approach.

This research, Refers to the work within this PhD thesis, by this postgraduate
researcher. researcher.

Participant codes

Participant codes are used throughout to attribute quotes, Table 0.2 provides the detail on

the segmentation of codes across the different data collection methods used in this research.

Table 0.2 Participant codes used throughout the thesis to attribute quotes to different
individuals from different data collection methods.

Data collection method

Number of participants

Participant code

Expert panel interview. 10 Exp A-Exp J
Facilitators of fieldwork survey. 57 F1-F57
Exploration stage student focus group. | 22 S1-S22
Digital Field Notebook design. 7 $23-S29
Digital preparation design. 6 S30-S35
Virtual Field Trip design. 6 S36-S41
DFN impact. 107 S42-S148
Live broadcast. 5 S$150-S154
Participatory workshop (student). 21 $155-S175
Participatory workshop (facilitators). 48 F58-F105
Digital Action Plan (DAP). 25 DAP1-DAP25
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Chapter 1. Reviewing the landscape of fieldwork and the models which
support the development and integration of digital tools in fieldwork

1.1 Reviewing the landscape of fieldwork

1.1.1 State of fieldwork

It is widely accepted that fieldwork plays an important role in biosciences teaching, with
knowledge, affect, behaviour and skill-based outcomes for learners participating in fieldwork
(Maw et al., 2011; Scott et al., 2012; Mauchline et al., 2013; Shinbrot et al., 2022). The
Quality Assurance Agency (QAA) Subject Standard for biosciences does not specify the
number or type of fieldwork activities required, it does however establish practical fieldwork
skills as a graduate threshold standard (QAA, 2019; 2023). Notably, the 2023 QAA statement,
unlike its 2019 version, includes a reference to virtual fieldwork opportunities, reflecting the
increasing importance of digital fieldwork practice post-Covid-19 and the ongoing rethinking
of field trips by many institutions (Geange et al., 2021; Nicotra et al., 2022; QAA, 2019; 2023;

Oktavianto et al., 2023).

There was an optimistic outlook identified from a review of biosciences fieldwork provision
across 30 Higher Education (HE) institutions (Mauchline et al., 2013) with the total amount of
fieldwork remaining stable or increasing over the preceding five years. However, this review
is now over a decade old and pre-dates recent fieldwork changes due to the Covid-19
pandemic. Although the comprehensive study provided valuable insights into the logistics of
fieldwork provision, the quality of the fieldwork, a review of the pedagogic approaches and
considerations of equity of access were not evaluated within the research. There is a need
for more in-depth qualitative research to better understand the current state of biosciences

fieldwork in HE.

Beyond the quantity and quality of fieldwork, it is essential to consider trends in fieldwork
pedagogy. Communications and Information Technology (C&IT) were identified as an
emerging trend in fieldwork within geography, earth, and environmental science (GEES)
disciplines in 2002 (Fletcher et al., 2002). The adoption of C&IT in fieldwork includes
fieldwork web-based resources, using mobile geographical information systems (GIS) during
fieldwork and enhancing interactivity of fieldwork using virtual and multimedia tools. It is not

clear within the literature whether these emerging trends have become standard practice in



fieldwork beyond GEES disciplines or are there other trends representing new emerging

digital tools.

Mobile devices can be used during biosciences fieldwork to collect, present, analyse spatial
and temporal datasets and crowd-source fieldwork data (Stoyanova-Petrova, 2011; Huffling
et al., 2014; Medzini et al., 2015; Verdes et al., 2021). However, the majority of these are
shared with the academic community via individual case studies (France et al., 2015), and do

not represent an embedded practice of using mobile devices in fieldwork.

Barton’s 2020 Sankey mapping of fieldwork activities effectively summarises the fieldwork
substitutions made in response to the Covid-19 pandemic. While useful in showing the
adaptations made during a switch to remote teaching options, it does not explore the
potential of integrating digital tools beyond the pivot during Covid-19 pandemic. These
activities are also subjectively ranked from most learner-centred to most-instructor centred.
This ranking provides only a limited review of the pedagogy of the remote fieldwork
teaching. Within the literature on fieldwork practice there is no comprehensive taxonomy
that defines both digital and in-field fieldwork activities using different pedagogic
approaches. This research aims to address this gap by conducting a review of existing

practices and developing a broad, non-subject-specific taxonomy of fieldwork activities.

1.1.2 A move to a more balanced view of fieldwork

Positive experiences of fieldwork and outdoor learning are widely documented across all age
groups (English Outdoor Council, 2015; Streule and Craig, 2016; Peacock and Bacon, 2018;
Beltran et al., 2020; van de Wetering et al., 2022). During fieldwork, learners often enter a
state of liminality, where usual social structures and routines are temporarily suspended
(Morales et al., 2020). This creates opportunities for transformative experiences, leading to
positive outcomes such as increased confidence, resilience, and motivation (English Outdoor
Council, 2015; Streule and Craig, 2016; Peacock and Bacon, 2018; Beltran et al., 2020; van de
Wetering et al., 2022).

In addition to enhancing subject knowledge (Scott et al., 2012, Shinbrot et al., 2022)
fieldwork offers learners valuable opportunities to develop a range of skills, which can be
categorised into technical, transferable, and personal development skills. Fieldwork provides
an authentic learning environment (Ordon et al., 2020) where learners can hone these skills

in real-world settings. The development of such skills is a crucial component of degree



programmes (QAA, 2023) and is highly valued by employers. A particularly important skill in
the ecology sector is species identification, which, despite its significance, is often
underdeveloped in graduates (Palmberg et al., 2019). Fieldwork participation is often
compared to professional working environments, with learners forming collaborative
working communities (Streule and Craig, 2016) during group activities. In these settings,
learners engage in a team-based learning model that emphasises collaboration over

competition (Beltran et al., 2020).

In a landscape of educational inequality (Clegg et al., 2017) fieldwork can be viewed as an
equitable teaching and learning tool (Lavie Alon and Tal, 2015). However, with learner
monetary contributions to HE fieldwork remaining the norm across UK institutions
(Mauchline et al., 2013), perhaps the barrier of inequality lies not in fieldwork outcomes but

in the ability to participate in fieldwork.

While the overwhelming narrative both from anecdotal experiences and more recent
literature seeking to support fieldwork within HE is positive, the benefits of fieldwork are not
universal nor without exception, with barriers to participation and challenges present within
the fieldwork experience itself (Hughes, 2022; Tucker et al., 2022). While the author’s view
remains incredibly positive of the role of fieldwork in HE, it is important to identify, consider
and tackle the barriers and challenges present to ensure participation and success for all
learners. Although the barriers to participation were not explored in Beltran et al.'s (2020)
extensive longitudinal study of field courses in the United States, a diversity gap was
identified between those participating and not participating in fieldwork. Mean field course
attendance was -6% for under-represented minority students, -9% for students from low
socio-economic backgrounds and -12% for first-generation students. Some research has
attempted to reach learners who do not participate in fieldwork (Peasland et al. 2021),
finding that high cost, low utility and low intrinsic value impacts participation meaning

learners cannot prioritise attending fieldwork over other commitments.

Barriers to fieldwork can be classified into nine main themes; Risk, Learner Behaviour, Cost,
Social Inclusion, Red- Tape or School Organisational Practices, School Culture, Teachers
themselves, Utility, and Location (Cook et al., 2006; Scott et al., 2015; Peasland et al., 2021).
Within these studies barriers were identified by learners, fieldwork facilitators, school
leaders and by those facilitating the fieldwork. Zavaleta et al. (2020) noted that for field

courses to promote inclusion, steps need to be taken to recognise and remove barriers. This
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is an ethos promoted within the design of this research, as it seeks to capture challenges
experienced within fieldwork and design digital fieldwork approaches to address these

challenges.

Fieldwork is often seen by HE biology lecturers as an uninterrupted, intense, and efficient
way to achieve learning objectives (Smith, 2004). While its transformative and immersive
nature can be powerful, it also presents challenges. Learners are often placed in socially
intensive environments (Dunphy and Spellman, 2009; Streule and Craig, 2016), required to
adopt new roles (Glackin, 2018), work long hours, share accommodation, and participate in
activities in remote and unpredictable settings (Tucker and Horton, 2019). This experience,
though valued by facilitators of fieldwork, can be stressful and ineffective for some learners.
Additionally, the idealised norms of strength and fearlessness associated with outdoor
activities (Straker, 2018) can reinforce hegemonic masculinity (Oakley et al., 2018) further

alienating some from participating in fieldwork (Tucker et al., 2022).

Learners with disabilities or additional and/or specific learning needs often face significant
barriers to accessing and benefiting from fieldwork. Inclusive practices are particularly
challenging when disabilities or learning needs are hidden, unidentified, or undisclosed
(Taylor and Johnson, 2020). While there are recommendations for providing ‘equivalent as
possible’ fieldwork experiences (Houghton et al., 2020) and for designing more inclusive
fieldwork (Atchison et al., 2019; Houghton et al., 2020), these are typically based on small
case studies and are not universally implemented. However, these practices offer valuable
insights that can help institutions meet accessibility requirements outlined in the QAA
biosciences benchmark statement (QAA, 2023). This research seeks to promote a pro-active
approach where the development and integration of digital tools within fieldwork, can

support the broadest range of learners.

The location of fieldwork often presents a significant financial barrier to learners (Mauchline
et al., 2013). While alternatives within the literature such as campus-based field teaching are
successful in providing accessible ecology fieldwork (Peacock et al., 2018), learner enjoyment
and outcomes can decrease when fieldwork is confined to familiar, local sites (Burke Da Silva,
2014). Fieldwork locations are often chosen not only for educational value but also to attract
and retain students in HE courses (Peacock and Bacon, 2018). These capstone international
trips to exotic locations serve a pedagogic function and as a marketing tool. However, the

appeal of such locations must be carefully weighed against the inherent access, inclusivity,
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and sustainability issues they present (Gonzalez, 2024). This research will seek to explore a
novel method of providing access to fieldwork locations, which could be applied to
international fieldwork contexts, enabling access without the associated financial burden

placed on learners.

1.1.3 The role of digital tools in fieldwork

There are a number of digital tools and approaches for both biosciences and GEES
disciplines. Mobile devices are identified as a key digital tool in fieldwork education. Their
widespread availability among young people, combined with features like real-time data
collection and geo-location, supports efficient data collection and spatial data analysis (Welsh
et al., 2012; Bettinson and Bird, 2021; Maddison et al., 2023a). Virtual field trips (VFTs) can
provide immersive experiences of real-world field locations via guided observations,
enhanced temporal views of fieldwork locations and access to otherwise unreachable sites
(Klemm and Tuthill, 2003; Lee, 2009; Friess et al., 2016; Sasinka et al., 2019; Mead et al.,
2019; Cowles and Onthank, 2021; Jeffery et al., 2021; Rodriguez et al., 2022; Hutchinson et
al., 2024; Hagge, 2024). Some VFTs are enhanced through gamification principles and use
platforms like Minecraft to re-create a simplified fieldwork landscape and increase learner
engagement with the fieldwork environment through interactive elements (Rader et al.,
2021). By incorporating Augmented Reality (AR) with gamification, learners can develop a
stronger connection to fieldwork locations by visualising historical spatial data, and view 3D
representations of organisms that may be challenging without the use of AR (Oleksy and

Whnuk, 2017; Gazcédn et al., 2018; Verdes et al., 2021).

Many of these digital tools and approaches for fieldwork have been designed by facilitators
with learners reviewing the end digital fieldwork products (Xie et al., 2021; Wright et al.,
2023; Arrasyid et al., 2024). There is minimal learner voice in the development of these
digital tools, with learners also often omitted from research into the barriers of fieldwork
(Cook et al., 2006; Scott et al., 2015). Adopting the principles of a ‘Students as Partners’ (SaP)
approach (Healey et al., 2014) this research seeks to work with students to develop digital
fieldwork approaches by identifying their priorities for digital fieldwork and uncovering their

experiences of fieldwork.

Using live-streaming technologies means that real-time broadcasting of fieldwork to remote
audiences can make fieldwork more accessible, especially when physical access to the field is

limited (Stagg et al., 2022; Brown et al., 2023; Open University, 2023). Although live
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broadcasting has been used as a delivery mechanism in medical education (Wang et al.,
2021b; Williams et al., 2011; Brandt, 2020; Fang et al., 2022; Iwaki et al., 2013), its adoption
in fieldwork is limited perhaps due to the need for outdoor specific, specialised technology
and digital skills (Brown et al., 2023). Audience engagement has been identified as a
challenge within live fieldwork broadcasts (Stagg et al., 2022). This current research aims to
contribute to the small body of research on live fieldwork broadcasting by exploring its
application beyond institutions with remote learner populations and considering how
working with students in a co-production partnership can engage students with live
fieldwork broadcasting. It will also investigate the feasibility of a low-cost, low-tech solution

which has the potential to increase the uptake of live broadcasting in other institutions.

Virtual fieldwork has been identified as a significant factor in the decline of traditional
fieldwork (Maw et al., 2011), as it can eliminate the need to leave the classroom (Boyle et al.,
2007). However, some view virtual fieldwork as a valuable complement to traditional
fieldwork approaches (Stokes et al., 2012), providing an additional link between classroom
learning and the in-field experiences (Thorndycraft et al., 2009; Edwards and Larson, 2020).
All of these perspectives were shared prior to the Covid-19 pandemic, with this period during
the Covid-19 pandemic accelerating the shift towards digital fieldwork modes (Creech and
Shriner, 2020). As we transition to a post-pandemic period, facilitators are now blending
digital and in-field approaches (Creech and Shriner, 2020; McKinnon, 2020; Cowles and
Onthank, 2021; Verdes et al., 2021), and this research seeks to capitalise on this momentum
and integrate diverse delivery methods, potentially establishing a new norm in fieldwork

practice that draws upon diverse delivery modes and a range of pedagogic approaches.

The literature suggests that technology can play a crucial role in addressing the needs of
diverse learners. This integration of digital and in-field fieldwork components via a blended
learning approach includes enhanced preparation before fieldwork and better integration
between classroom and field experiences (Lang and Persico, 2019; Kingsbury et al., 2020).
Pedagogic considerations and the inclusion of learners must drive digital interventions to
avoid increased anxiety from learners (Kwet and Prinsloo, 2020), with careful scaffolding and
empowerment via co-design processes (Lawrence and Dowey, 2022), which will hopefully

minimise any anxiety among learners using the new digital tools.

Virtual fieldwork presents an opportunity to address access issues of traditional in-field

fieldwork methods (Cooke et al., 2020). However, new challenges arise for learners when
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accessing resources in blended or fully digital environments. Preparing learners to engage
effectively with digital fieldwork is crucial (Hsu and Chen, 2010). This preparation includes
not only familiarising learners with the technology but also helping them develop the skills

needed to maximise the learning potential of the digital approach.

Due to the self-directed nature of blended learning environments, there is a bi-modal
distribution of learner outcomes (Moore and Gilmartin, 2010), with learners who exhibit
effective time management and self-regulatory skills benefiting more from the blended
learning environment (Pizzi, 2014; Leatherman and Cleveland, 2020). Frequent interactions
are key to maintaining motivation in remote learning settings (Zahariadis and Voliotis, 2003),
yet peer interactions and the social construction of knowledge can be challenging to embed
within these environments, with facilitators concerned about this loss of interaction and
feedback (Bacon and Peacock, 2021; Stagg et al., 2022). While digital interactions can be
incorporated into both synchronous and asynchronous learning, learners may find these new
forms of interaction unfamiliar. Despite extensive use of digital tools in informal contexts
(Furlong and Davies, 2012), formal educational interactions such as discussion boards are

less frequently used.

The concept of interaction in digital versus in-field settings has been explored; finding that
while in-field interactions involve direct engagement with people and places, virtual
interactions often focus on time and space (Stainfield et al., 2000). This distinction highlights
the unique advantages of each interaction type. Although tools like GIS enhance spatial and
temporal thinking in geography (Pizzi, 2014), their use in biosciences may be less developed.
GIS provides opportunities for spatial and temporal interaction and helps develop key
employability skills, such as biological recording and habitat monitoring. This research will
seek to develop tools and approaches which support interaction between peers and

between peers and facilitators during digital fieldwork.

Research on plant identification indicates that learning in the field is generally more effective
than virtual learning (Scott et al., 2012). Although this study had a small sample size (n = 8), it
suggests that field-based tasks are perceived more positively and yield higher cognitive and
affective outcomes compared to virtual tasks. Perhaps the value of digital fieldwork lies in
other areas and this research will seek to identify what students and practitioners value in

digital fieldwork approaches.



Viewing digital tools as a complementary approach within fieldwork practice is supported
within the literature and has a role in enhancing the learning process for learners (Klemm
and Tuthill, 2003; Lee et al., 2020; Seifan et al., 2020; Leininger-Frézal and Sprenger, 2022).
Within GEES disciplines, logistics preparation via digital tools such as ArcGIS StoryMaps has
improved learner outcomes by linking classroom and the field and offering multiple low-
stakes opportunities for skill development (Mukherjee, 2019). Yet this practice is not

embedded across all disciplines and has not been explored within the biosciences.

But digital fieldwork poses challenges for learners and facilitators, with the technology
posing as a distractor and a barrier (Yeo et al., 2020). While simple and accessible solutions,
mobile GIS and live streaming, can benefit all learners but may still result in hidden costs

related to technology access (Power and Morven-Gould, 2011).

In conclusion, digital fieldwork offers both opportunities and challenges, it is essential to
gather feedback from interested and affected parties. This feedback is key to developing
digital approaches that address the difficulties faced during in-field fieldwork, find solutions
to challenges unique to digital fieldwork and ultimately enhance the overall fieldwork

experience for all learners.
1.1.4 Open educational resources for the biosciences

The literature consistently highlights a major barrier to the adoption of digital fieldwork
methods is facilitators' lack of knowledge, skills, and confidence (Fletcher et al., 2007; Welsh
et al., 2013). Although these studies were conducted before the Covid-19 pandemic, similar
concerns were reflected in a 2020 survey of facilitators, which revealed predominantly
negative perceptions of digital alternatives to traditional fieldwork during the pandemic.
Notably, ‘technology' emerged as the most frequently cited obstacle to effective remote

field teaching (Barton, 2020).

Despite the extensive range of digital fiel[dwork practices documented in biosciences
literature (Barton, 2020; Creech and Shriner, 2020; Edwards and Larson, 2020; McKinnon,
2020; Cowles and Onthank, 2021; Maddison et al., 2023a), only a few of these resources are
publicly accessible. Most of this digital fieldwork practice within the biosciences are designed
for specific institutions, using their in-house systems, and provide only limited guidance on
how these resources could be adapted by other institutions or applied in different contexts.

In contrast, the geoscience education community has begun to address this gap by
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developing databases for sharing digital fieldwork Open Educational Resources (OERs), such
as VR Glaciers and Glaciated Landscapes (McDougall, 2024), V3Geo (Buckley et al., 2022) and

other location specific geoscience OERs (Horota et al., 2023; Nazarkulova and Strobl, 2023).

VzGeo (Buckley et al., 2022) is intended to facilitate the sharing of virtual 3D models for
embedding within VFTs for the geoscience community, it offers limited interpretative
content. Although the models can be searched spatially via a map function, they are
presented without the necessary contextual information beyond the 3D visualisations
themselves. This lack of context may present a challenge for facilitators which lack the
knowledge and skills to effectively integrate these models into their own VFTs. In contrast,
VR Glaciers and Glaciated Landscapes (McDougall, 2024) provides high-quality, 360°
interactive linked panoramas, enabling spatial exploration and providing a sense of scale.
These web-based resources are easily accessible and user-friendly. However, their design
emphasises open-ended exploration in unfamiliar environments through observation, with
little to no guided enquiry or specific fieldwork tasks included. Therefore, they do not offer a

digital alternative for all of the teaching and learning activities within fieldwork.

1.2 Models and frameworks to support the development and integration of digital tools in
fieldwork

There are a number of pedagogy and technology frameworks that can be reviewed and
applied to support the development and integration of digital tools in fieldwork. It is vital
that both pedagogy and technology are considered, with pedagogy leading the direction of
the development through gaining an understanding of the educational situation and the role

that technologies can play in it (Laurillard, 2008).

1.2.1 Pedagogy frameworks

1.2.1.1 Experiential learning cycle

Fieldwork inherently offers rich opportunities for discovery-based, active, and real-world
learning (O’Connell et al., 2020). It is an experiential learning approach using participatory
activities (Seifan et al., 2020). However, due to constraints related to logistics, residential
field trips often become intensive learning experiences with limited time for reflection
between stages of the experiential learning cycle (Kolb, 2015). These pre- and post-learning
reflections are crucial for maximising learning opportunities for all (Lee et al., 2020). Ongoing
reflections help learners to better understand their experiences during individual fieldwork

activities (Scott et al., 2019) and to recognise skill development (Nicotra et al., 2022).
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The experiential learning cycle (Kolb, 2015) is an underpinning teaching and learning
framework that can be applied to fiel[dwork (Dummer et al., 2008). The four stages of this
cycle have been applied in numerous studies within fieldwork contexts (Kent et al., 1997;
Krakowka, 2012; Scott et al., 2012). Although the experiential learning cycle has been used to
support the development of a blended learning pedagogy to support inclusive geography
teaching (McPhee, 2021), there is a gap in the literature on the role that digital tools could
play in enhancing this experiential learning cycle during fieldwork. Digital tools were not
necessarily widely available previously and as such there was less understanding and
identified ‘need’ for the use of digital tools within fieldwork. Additionally, some perceive
technology use as a distractor to the immersive, experiential nature of fiel[dwork (Smith et
al., 2016) and as such digital tools are at odds to fieldwork approaches, limiting the

collaborative nature of in-field and digital fiel[dwork approaches.

Building on previous work that applied the experiential learning cycle to specific stages of
fieldwork (Healey and Jenkins, 2000; Krakowka, 2012; Scott et al., 2012), Figure 1.1 illustrates
how digital tools can facilitate learners' progression through the various stages of the
experiential learning cycle. This list of activities within Figure 1.1 is not exhaustive, but serves
to illustrate how this model could be applied to the process of planning fieldwork, which

includes a combination of digital and in-field fieldwork in the different stages of fieldwork.
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Increasing awareness of the Reviewing and reflecting upon

fieldwork experience the fieldwork experience

» In-field questioning. » Reflective fieldwork logs.

« Different lenses and » Debriefing.
perspectives to view the * Self-assessment and
fieldwork environment review of learning.
through e.g. nature e Student creation of digital
connectedness. content to reflect upon

» (Digital) field note books. their fieldwork experience.

Experience
Experimentation Kolb’s Learning Cycle Reflection

Conceptualisation

Planning for the fieldwork Connecting learning into
experience fieldwork progression
s Objective setting. » What delivery modes were
* Interrogation of data and used?
secondary sources to « What were the roles of
develop understanding of learners and facilitator?
study site. « How does the experience
e Virtual environments to connect with prior and
support design of future knowledge?

methodologies.

Figure 1.1 In-field and digital fieldwork activities that support learners moving through Kolb's
(2015) Experiential Learning Cycle during fieldwork.

1.2.1.2 Community and social learning
A learning community is defined as ‘an intentionally developed community that exists to

promote and maximise the individual and shared learning of its members’ (Lenning et al.,
2013 in Jessup-Anger, 2015). Fieldwork, being inherently social, naturally fosters the
development of interpersonal skills, which are valuable soft outcomes for learners. The
principles of a learning community can be specifically tailored and applied to a cohort of
learners enrolled in a particular module (Atchison et al., 2019). Drawing on evidence from
the literature, Table 1.1 outlines how fieldwork can create opportunities to embed these

principles within a learner community.
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Table 1.1 A summary of how fieldwork promotes the principles of a learner community.

Principle of the Learning

Community

Examples from the literature of how fieldwork can be

used to promote this principle in practice

1.

Using research to

inform practice.

Ensuring principles of inclusive access are embedded and
that alternative fieldwork activities or adjustments are
available (Houghton et al., 2020; Taylor and Johnson,
2020).

Share pedagogic theory behind group approach with
learners (Stokes et al., 2012; Rogers, 2020).

2. Foster bonds between | Development of group through informal field trip activities,
learners and sense of | and opportunities for inclusion and whole group
belonging to the development through tasks that support an ‘inward-
collective group. trajectory’ from novice to professional (Streule and Craig,
2016).
Group fieldwork tasks, learner group establishing criteria
for assessment and group formative assessment tasks.
(Lonergan and Andresen, 1988).
3. Engaging learners as Mini-research projects and sharing of findings through
active learners as part | research seminars (Marvell et al., 2013). Contribution to
of the community. citizen science data collection exercises (Callaghan et al.,
2022; Pernat et al., 2023). Place-based interdisciplinary
learning approach via engagement with local stakeholders
to gain an understanding of a fieldwork location linking
fieldwork to society and local communities (University of
Glasgow, 2025).
4. | Create a positive Embed opportunities to identify and develop soft fiel[dwork

message of
achievement and

change.

outcomes (Peasland et al., 2019).
Using learners to co-design field trip objectives, logistics
and preparation resources to develop ownership.

(Mukherjee, 2019).
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5. | Advocating on behalf | Learner evaluation of field trips are undertaken and used to
of the learner for inform future planning (Scott et al., 2019).

improvement.

While the community and social learning that occurs within in-field fieldwork are well-
understood and documented within the literature (Table 1.2), there is a more complex
narrative surrounding these within the context of digital fieldwork approaches. Virtual
fieldwork fosters situated learning (Duncan et al., 2012) by providing an authentic context
that enhances social interaction and supports social constructivist learning approaches.
While virtual fieldwork facilitates different forms of interaction (Stainfield et al., 2000),
technology also enables digital engagement (Furlong and Davies, 2012). However, to fully
realise the benefits of working in an online community of practice, learners need
encouragement and support to identify its value (Klemm and Tuthill, 2003). Although online
communities can bridge the gap between experts and learners and free learners from the
constraints of time and space (Zahariadis and Voliotis, 2003), the switch to remote learning
during the Covid-19 pandemic highlighted significant challenges. Many learners reported
feelings of isolation from their peers and a sense of disconnection from their learning

experiences due to the lack of on-campus interaction (Bryson and Andres, 2020).

1.2.1.3 The Interactive, Constructive, Active and Passive (ICAP) framework
The Interactive, Constructive, Active, and Passive (ICAP) framework was developed to

address the challenges associated with active learning, particularly in adapting existing
strategies to enhance active learning and clarify its criteria (Chi and Wylie, 2014). The
framework allows for a single activity to be structured in various ways, each fostering
different modes of learning and yielding distinct engagement outcomes. By analysing
learners' affective responses to tasks, the ICAP framework infers the cognitive engagement
involved and provides a hierarchy of active learning activities. The ICAP framework can be
applied to fieldwork teaching and learning activities based on their mode of engagement and
learner outcome (Table 1.2). Given the frequent concerns about the engagement and
interactive nature of digital fieldwork methods (Barton, 2020; Stagg et al., 2022), Table 1.2

applies the ICAP framework to an asynchronous VFT.
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When designing and implementing any digital tool for fieldwork, it is essential to consider
and reflect on learner behaviours during their engagement with the approach. The ICAP

framework offers structure to classify learner engagement.
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Table 1.2 Applying the ICAP framework to three fieldwork activities, two in-field and one
digital (Adapted from Chi and Wylie, 2014).

Fieldwork Activity

Listening to an expert in

the field

Observing a fieldwork

methodology

Asynchronous Virtual

Field Trip (VFT)

Learner Behaviours

Learner listening.

Learner watching and

Learner reading and

listening. listening to content
.“25 within a pre-determined
E linear VFT.
Learner listening whilst Learner can repeat method | Learner making summary
taking verbatim notes themselves during data notes from the VFT where
from expert. collection. learners have control
over which aspects of the
VFT they engage with and
a>5 to what extent they
§ engage with it.
Learner creates Learner is able to justify the | Learner complete tasks
summary notes, concept | methodology, use the within the VFT which
map or sketch map of method and critically replicate tasks that may
the location. reflect upon that fieldwork | be completed in the field
Learner makes their own | method. such as creating a sketch
observation and map of the fieldwork
guestions the location from
environment photographs and 360°
themselves. images or use
dichotomous keys to
.% identify species found in
:_,é the VFT from multiple
§ photographs.

15




Different hypotheses or | Learner acts as a decision Learner interacts with
viewpoints of a maker during the their peers and the
fieldwork location are construction of a facilitator of the
discussed, with methodology, they take fieldwork via
judgement formulated part in debate with asynchronous digital
on the relative iterative developments of communication tools
importance and value of | the method. such as discussion boards
those hypotheses or and community
viewpoints. whiteboards where they
a>5 can post comments,
g upload documents and
E receive feedback.

1.2.1.4 ‘Students as Partners’ approach
The SaP approach is an educational ethos and practice where students and educators

collaborate (Healey et al., 2014). The level of partnership can be defined in various ways,
including student representation or participation (McCulloch, 2009; Matthews and Dollinger,
2022), a framework based on values that promote partnership (Healey et al., 2016), and the

use of a ladder of student participation in curriculum design (Bovill and Bulley, 2011).

There are a number of benefits to engaging students in co-design processes. These include
increased awareness of teacher-student roles (Garcia et al., 2018), a deeper understanding of
the role of collaboration (Prescott et al., 2020; Woods and Homer, 2021), and the

development of essential graduate skills (Pauli-Hones et al., 2016).

Although this partnership approach has been identified as enhancing student reflection on
the learning process when using digital tools (Senger and Nordmo, 2021) and supports
inclusive practices in fieldwork education (Lawrence and Dowey, 2022), within the literature
there are limited examples of students being involved in developing and integrating digital

fieldwork approaches (Welsh et al., 2013; Gros and Lépez, 2016).

By applying the SaP framework to the design and development of digital fieldwork and
working with students at differing levels of partnership, this research seeks to address the
student engagement challenges of digital fieldwork (Barton, 2020; Stagg et al., 2022) and

create engaging, learner-centred digital tools which can be used in fieldwork.
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1.2.2 Technology frameworks in education

There are several relevant technology frameworks that can be used to support the
integration of digital tools in fieldwork (France et al., 2020) or education more broadly

(Koehler and Mishra, 2005).

1.2.2.1 Technological Pedagogical and Content Knowledge (TPACK) Framework
Building on the Pedagogic Content Knowledge framework (Shulman, 1987), the Technological

Pedagogical and Content Knowledge (TPACK) framework was developed by Koehler and
Mishra (2005). TPACK offers an integrated approach that examines how deep knowledge of
technology, pedagogy, and subject content interact, and how understanding these
interactions can support the integration of technology to address challenges and enhance
learning (Koehler and Mishra, 2005; Voogt et al., 2013). Reflections from science and
geography teachers on digital fieldwork during Covid-19 have been applied to the TPACK
framework, illustrating how teachers adapted their pedagogic content knowledge for new
digital delivery methods (Stagg et al., 2022). Involving learners in the integration and creation

of digital tools in education has yielded mixed results.

While studies show that learners enjoy using digital tools to create their own blended
learning resources (Mukherjee, 2019; Treves et al., 2021; Tian et al., 2022), they also
highlight that this process can be challenging (Mukherjee, 2019), with technical difficulties
(Treves et al., 2021) and the requirement of extensive onboarding or training (Tian et al.,
2022). These findings highlight the importance of this research in drawing upon the
experiences of HE learners to better understand and support the integration of the digital

tools and enhances existing work by applying these insights to the TPACK framework.

In looking broadly at generalised models of technology acceptance, there are several factors
that are identified as influencing users’ willingness to adopt new technologies. These are the
ease of use, perceived usefulness, and the role of social influence (Davis, 1989; Marikyan and
Papagiannidis, 2023). In educational settings, perceived usefulness plays a crucial role in
behavioural change and technology acceptance, in particular in the adoption of OERs (Teo,
2009; Kuo et al., 2024). Research on fieldwork education identifies that effective training is
essential for building the skills and confidence needed to use digital tools, as staff time and

expertise are barriers to technology adoption (Fletcher et al., 2007; Welsh et al., 2013).
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According to Martec’s Law (Brinker and McCellan, 2014; Brinker, 2016; 2020), the shift to
digital technologies is a disruptive process driven by rapid technological advancements and
corresponding organisational changes. The Covid-19 pandemic exemplifies this disruption,
forcing educational institutions to rapidly adopt digital solutions (Barton, 2020; Whalley et
al., 2021). This research is timely, leveraging the experiences and skills developed during this

period of the Covid-19 pandemic to enhance the integration of digital tools in fieldwork.

1.2.2.2 The Pathways Diagram
The Pathways Diagram (France et al., 2020) supports the adoption of mobile technologies in

fieldwork education by integrating a pedagogical framework with technological
considerations. It is a comprehensive tool that enables facilitators to reflect holistically on
mobile learning within fieldwork. However, it does not offer a link between the pedagogical
framework and the technological logistics identified within the framework. Introducing a
bridging question, such as "Does the proposed benefit of the intervention outweigh the

associated costs of time and expenditure?" could be beneficial.

Additionally, instead of having two starting points, a single starting point that allows
facilitators to identify a specific pedagogical challenge would better focus the intervention on
pedagogy. This focus on identifying a specific pedagogical challenge, guides the development
of the digital tools within this research. Ensuring that the adoption is driven by educational
needs rather than technology, which aligns with key recommendations for integrating
technology-enhanced learning in fieldwork (Fletcher et al., 2002; Welsh et al., 2013; Burden,
2017; Rogers, 2020; Shinneman et al., 2020).

1.2.2.3 Digital Technology in Outdoor Experiential Learning (DTOEL)

Beyond the use of mobile devices in fieldwork (France et al., 2020), a broader approach for
the adoption of digital technology is provided by the Digital Technology in Outdoor
Experiential Learning (DTOEL) framework, which has been constructed through the review of

case studies within the literature (Hills and Thomas, 2020).

Similar to TPACK, the DTOEL framework emphasises the importance of pedagogy, but it goes
further by offering a detailed scaffold with six key pedagogical considerations (1. Overall
context, 2. Session objectives, 3. Technology users, 4. Facilitator attributes, 5. Learner
attributes, and 6. Available resources). DTOEL is designed to guide the planned use of digital
technology in a pedagogically driven manner, evaluating individual aspects of the technology

and considering its consequences. These consequences are examined through the
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Substitution, Augmentation, Modification, and Redefinition (SAMR) model (Puentedura,
2006; 2013; Romrell et al., 2014). Integrating SAMR within the broader framework of
Pedagogical Considerations (Section A) addresses the contextual limitations often associated

with the SAMR model (Hamilton et al., 2016).

Although the DTOEL framework (Hills and Thomas, 2020) and its use of SAMR can be
critiqued as somewhat subjective (Hamilton et al., 2016), it can serve effectively as a
decision-making tool, similar to the Pathways Diagram (France et al., 2020). The DTOEL
framework facilitates discussions and consultations regarding technology adoption and
provides a comprehensive approach to decision-making in digital technology integration. This
research will leverage the DTOEL framework to support the evaluation and dissemination of
digital tools within fieldwork, by using some of the same language associated with the
framework. This offers the opportunity to highlight and exemplify key aspects of the DTOEL

framework in practice via this research.

1.3 General research aims

Both learners and facilitators have experienced a significant shift in fieldwork practices,
accelerated by the Covid-19 pandemic. This research aims to build on that momentum by
capturing critical perspectives on both traditional in-field and digital fieldwork approaches
and using these to develop digital fieldwork tools which can be integrated within existing
fieldwork practice. This research hypothesises that digital tools can enhance fieldwork and

can be integrated within HE fieldwork teaching in the biosciences.

This research seeks to deepen our understanding of digital delivery modes, exploring how
expanded definitions of fieldwork can be integrated into existing models of fieldwork
practice. The concept of the ‘learner community’ within these digital fiel[dwork contexts will
also be further explored within this research. Additionally, this research also aims to develop
a new, inclusive fieldwork taxonomy that can guide the planning of progressive fieldwork

experiences.

Informed by this initial exploration, the second phase will investigate the extent to which
students can be involved in designing digital tools to address specific identified pedagogical
challenges in fieldwork. An iterative design process will be used to develop three distinct

digital fieldwork approaches for use within the biosciences in HE.
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The concept of student partnership will be further investigated by collaborating with small
groups of students in a co-production partnership. Together, they will design, develop, and
deliver fieldwork using live broadcast methods. This partnership will be evaluated,
considering the overall experience and skills developed. The future role of this novel delivery

mechanism within fieldwork will also be considered.

Finally, this research aims to disseminate key findings and provide guidance based on the
study's outcomes. Adhering to the action research (AR) ethos, it will capture case studies and
highlight actions taken by the broader fieldwork community to integrate digital tools into

fieldwork, ultimately enhancing the overall experience.

Building on recommendations to transform field-based sciences in response to Covid-19
through digital archives and open science principles (Scerri et al., 2020), this research aims to
address this resource gap within the biosciences by developing publicly accessible digital
fieldwork resources. In attempting to address the issue faced by some institutions that do
not possess the skills needed to develop their own digital fieldwork approaches (Guillaume
et al., 2023), this research will also attempt to address issues of staff knowledge and skills
(Fletcher et al., 2007; Welsh et al., 2013) and the digital divide in educational technology
(Afzal et al., 2014) by offering sector-wide training workshops. These workshops will
introduce the newly developed resources, foster participatory discussions on their use, and
address practical challenges. The effectiveness of these workshops will be evaluated based

on increased knowledge and enthusiasm for adopting digital resources.

Although the factors that influence the willingness to adopt technologies in education are
well-understood, there is limited research addressing the development and integration of
digital tools in fieldwork. This research aims to explore current fieldwork practice to inform
the design of digital tools that address specific pedagogical challenges (Chapter 2).
Collaborating with students, the digital tools will be evaluated and refined to enhance the
usability of the tool (Chapters 3 and 4), with the impact of one of these tools evaluated
(Chapter 5). Finally, drawing upon the concept of social influence, participatory workshops
will facilitate the dissemination of these tools within the broader fieldwork community.
These workshops will offer opportunity to discuss the tools with a focus on adoption and

adaptation (Chapter 6).
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Although the Pathways Diagram (France et al., 2020) is designed to support the integration
of mobile technologies in fieldwork, this research draws upon this framework more broadly.
It does this by considering the technology logistics and underlying pedagogy within the
design and development of all four digital tools within this research (Chapters 3 and 4), with

this same focus guiding discussions within the sharing stage of this research (Chapter 6).

Working with students within this research is important, as the perception of a digital
approach can influence the success of its integration (Moore and Gilmartin, 2010; Marikyan
and Papagiannidis, 2023). Within this research a SaP approach has been combined with the
views and experiences of fieldwork practitioners. This is to ensure that the digital fieldwork
development fulfils an identified pedagogic need, rather than focusing technology

innovation.

1.4 Overall context underpinning this research

The research is primarily qualitative, aiming to uncover the behaviours and experiences
associated with both traditional in-field fieldwork and the emerging practice of digital
fieldwork. These complex insights are unlikely to be fully captured through quantitative
methods alone, but where possible quantitative analysis is used to support the rich,
descriptive nature of the qualitative data. This research seeks to explore how digital
fieldwork is defined, as well as identify the factors that contribute to the effectiveness of

integrating digital tools in fiel[dwork education.

The exploration phase of this research (Chapter 2) adopts a broad approach, engaging with
interested and affected parties across the wider fieldwork sector to inform the subsequent
stages of the study. The design elements follow an Action Research approach (Chapters 3 and
4) and are grounded in biosciences fieldwork within HE, with a focus on the experiences of
Newecastle University Marine Science and Ecology students. One of these digital tools (Digital
Field Notebook) is then embedded within biosciences fieldwork at Newcastle University, with
the impact of this integration explored (Chapter 5). The final stage, involving sharing and
dissemination, once again takes a broad approach, extending the application of the digital
tools to the wider fieldwork community, demonstrating their versatility across diverse

contexts (Chapter 6).

As anticipated, Covid-19 is a recurring theme throughout all phases of this research. This

research began during Covid-19 and under lockdown restrictions. Even as restrictions have
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eased and in-field fieldwork has resumed, both practitioners and student participants within
this research have consistently referenced their experiences with digital fieldwork during the

pandemic across every phase of the research.

1.5 Significance of this research and original contributions

Learner voices are often absent from research that examines both the barriers to fieldwork
(Cook et al., 2006; Scott et al., 2015) and the integration of technology in fieldwork (Welsh et
al., 2013). With students actively participating via a SaP approach in this research, the
gualitative data offers valuable insights into students' experiences using digital tools in
fieldwork. This research provides insight into what they value in the digital tools such as the
sense of immersion, digital skill development opportunities and their role in preparing for in-
field fieldwork. These student experiences are particularly significant given that this current
generation of HE learners have navigated significant upheaval and transformation in their

education due to Covid-19.

While maintaining a focus on pedagogy and using low-tech, low-cost digital tools, this
research has trialled delivery modes within the biosciences that are currently under-explored
within the literature. Live broadcasting is a tool with limited application outside a single
fieldwork organisation (Stagg et al., 2022) and institution (Brown et al., 2023; Open
University, 2023), where in both contexts’ experts deliver content to novice learners. Drawing
inspiration from these examples, this research has collaborated with students to co-design,
co-develop, and co-deliver live fieldwork broadcasts. This peer-to-peer digital fiel[dwork
opportunity offers unique benefits, including enhanced engagement and opportunity for

science communication and digital skill development.

The fieldwork taxonomy and the three-step planning tool developed in this research
provides, to the best of the author's knowledge, the most comprehensive criteria to date for
defining the broad range of fieldwork practice across disciplines. The aim of this tool is to
help facilitators across the fieldwork sector to use a common language to define and plan

progressive fieldwork experiences.

Recent publications have emphasised the need to address EDI challenges within fieldwork
(Kingsbury et al., 2020; Lawrence and Dowey, 2022). Informed by fieldwork EDI best practice
and recommendations (Zavaleta et al., 2020; Yorke et al., n.d), this research places EDI at the

heart of the development process of the digital tools. It does this by drawing upon various
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EDI lenses to guide both the development and interpretation of themes identified in the
data. This includes the author's reflection on how each of the three developed digital tools
addresses the five key barriers to fieldwork - financial, information and knowledge, past
opportunity, identity, commitment, and personal circumstances (Zavaleta et al., 2020).
Additionally, through student partnerships, an iterative design process, and a proactive
approach to overcoming identified challenges, this research aligns with the core principles of
inclusive design: anticipatory, flexible, accountable, collaborative, transparent, and equitable

(Morgan and Houghton, 2011).

1.6 Summary

To address the hypothesis that digital tools to enhance fieldwork can be integrated within HE
fieldwork teaching in the biosciences this research will address the following research aims

(RA):

e RALl. Define digital fieldwork and use this to broaden existing models of fieldwork
(Chapter 2).

e RA2. Consider to what extent can students be involved in designing digital tools to
address pedagogic challenges and enhance fieldwork (Chapter 3).

e RA3. Explore the impact of working in a partnership with students to deliver
fieldwork using live broadcast methods (Chapter 4).

e RAA4. Identify the impact of using a digital tool during fieldwork (Chapter 5).

e RADS. Share key findings and guidance within the wider fieldwork community with the
aim of increasing knowledge, inspiring others and working to support the integration

of digital tools within fieldwork (Chapter 6).
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Chapter 2. Models of fieldwork post-Covid-19
Abstract
Despite fieldwork practice evolving since the onset of the Covid-19 pandemic, with an
increase in digital delivery approaches of fieldwork, definitions of fieldwork do not accurately
describe the broad range of fieldwork practice within the biosciences and geography, earth,
and environmental science disciplines. The literature presents a complex picture on the value

of digital fieldwork, but much of this is based on pre-pandemic studies.

Conducting a review of the literature and using expert panel interviews, a fieldwork
practitioner survey, student focus groups and participatory workshops this research examines

the practice of fieldwork post-Covid-19.

A diverse list of fieldwork activities was shared by practitioners. In reviewing the underlying
pedagogic approach and the delivery mechanism used to deliver the fieldwork, a taxonomy

of fieldwork was constructed that can be used to define the current practice in fieldwork.

Student-identified priorities of digital fieldwork include the opportunity to develop digital
skills and a feeling of immersion when using the digital tools. Students identified that digital
fieldwork should be used to both address access and equity issues in fieldwork, and to better

prepare for fieldwork.

Within this research practitioners strongly identified value in the necessity of in-person
fieldwork but shared a mixed-picture on the necessity of digital fieldwork. Although they did
identify value in digital tools to offer wrap-around support, prepare students and develop

digital skills.

There was very little overlap in the practitioner identified challenges and opportunities of
both in-field and digital fieldwork, supporting a view that digital fieldwork is not a direct
replacement for in-field fieldwork but offers alternative opportunities that may be difficult to

achieve during in-field fieldwork.

2.1 Introduction

2.1.1 Definitions of fieldwork

Fieldwork is a catch-all term that encompasses a wide variety of tasks. Classifying fieldwork
practice has been previously considered in the literature with a timeline of change observed
(Lonergan and Andresen, 1988), with each fieldwork ‘era’ defined by its own characteristics
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of the approach (Kent et al., 1997; Fisher, 2001). Whilst Kent et al., (1997) reviewed
geography fieldwork in Higher Education (HE), Fisher (2001) reviewed science fieldwork in
schools. Both reviews showed similarities in the cumulative change and growth of fieldwork
provision over time. Table 2.1 summarises this timeline of cumulative change and adds
comments on the underlying pedagogy of the approach and deduced learner outcomes. It
also includes a brief summary of the improvisation and pivot to digital fieldwork in response
to the Covid-19 pandemic (Bryson and Andres, 2020). Since the 1990s fieldwork has
encompassed a variety of observational and enquiry approaches, which provide
opportunities for learners to gain subject knowledge and develop both fieldwork and
transferable skills via progressive learning throughout a field trip (Kent et al., 1997; Fisher,

2001).
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Table 2.1 Cumulative changes in fieldwork. (Adapted from Kent et al., 1997; Fisher, 2001;
Bryson and Andres, 2020).

Era Fieldwork Approach Pedagogy Learner
Outcomes
1950- Cook’s Tour- Observation | Passive learner Subject
1960s. Fieldwork. engagement. Staff as knowledge.
expert.
1970s. Projects- Problem Based | Fieldwork through enquiry. | Subject
Fieldwork. Positivist. knowledge.
Staff-led projects. Fieldwork skills.
1985. Transferable Skills Fieldwork through enquiry. | Subject
through Projects- Positivist. knowledge.
Problem Based Learner-led projects. Fieldwork skills.
Fieldwork. Employment
skills.
1990s. Field courses Progressive fieldwork Subject
encompassing variety of | experiences. knowledge.
approaches. Fieldwork skills.
Employment
skills.
2020 Rapid pivot to Improvisation of online Understanding of
(expedited | digitisation of a teaching to curate topic and issues
by Covid- fieldwork environment. intensive and extensive and critically
19). experiences. review evidence
to inform
analysis.

2.1.2 Pivot in fieldwork delivery mode during Covid-19 pandemic

With the onset of Covid-19 in March 2020, there was a rapid substitution of in-person

teaching to online provision (Bryson and Andres, 2020). In fieldwork, the travel restrictions,

closure of in-person education operations and lockdown procedures resulted in in-person

fieldwork being cancelled (Creech and Shriner, 2020). Many institutions rapidly transitioned

their fieldwork offer to virtual, digital, or at-home fieldwork delivery modes. These
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alternatives included, for example, ‘lab in a box’ (Novo et al., 2021), self-guided trips
(Middlebrooks and Salewski, 2021), asynchronous virtual field trips (Friess et al., 2016),
synchronous virtual field trips (Dolphin et al., 2019; Cowles and Onthank, 2021), augmented
reality applications to visualise 3D models (Rogers, 2020; Verdes et al., 2021), live
broadcasting to delivery fieldwork via YouTube Live (Stagg et al., 2022) and fieldwork located
in learners’ own gardens (Bacon and Peacock, 2021). Yet facilitators noted that these
substitutions were more instructor centred, with a reduction in the learning outcomes when

compared to the in-person/in-field fieldwork alternative (Barton, 2020).

This pivot in delivery mode, with increased uptake of digital delivery, means that Butler’s
(2008) definition of fieldwork as “all outdoor teaching and learning activities” is lacking
accuracy, as it does little to define the diverse and broad range of practice currently present

within fieldwork.

2.1.3 Defining fieldwork post-Covid-19
Fieldwork can be classified on the type of fieldwork activity that is undertaken (Butler, 2008;

Krakowka, 2012). While this is descriptive and showcases the nature of the fieldwork
activities, no information is given on the relationship between individual opportunities of
fieldwork activities. Alternatively, relational classifications of fieldwork help to support
facilitators to develop fieldwork approaches that build progression in fieldwork knowledge
and skills for learners. The role of the learner and the facilitator are shown in two subject
specific relational fieldwork approaches; in geography (Oost et al.,, 2011) and in biosciences
(Peasland et al., 2019). Both models enable pathways of learner development to be
identified with learners increasing in confidence and autonomy. However, both models do
not consider the broad range of delivery modes and pedagogic approaches present within

fieldwork post-Covid-19.

Although some pre-pandemic models of digital fieldwork practice exist (Klemm and Tuthill,
2003), these are often focussed on the technology used to deliver the approach and not the
underlying pedagogy. Such a focus may limit the effectiveness and uptake of these
approaches, with perceived barriers of the technology outweighing any potential pedagogic
gains. Those models that place pedagogy at the heart of the decision-making process of
integrating technology in fieldwork (Hills and Thomas, 2020; France et al., 2020) do so in
isolation of in-field approaches and reinforce this distinction between digital and in-field

fieldwork. This may result in facilitators facing an artificial choice between digital and
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traditional in-field fieldwork approaches, rather than considering how both could work

together.

There is a disconnect between learners’ and facilitators’ views on the rationale and value of
field courses (Woodly et al., 2024), this is mirrored in digital fieldwork, where the literature
shows a complex picture of the role and value of digital fieldwork. Although facilitators note
that using technology throughout the fieldwork process provides benefits such as efficient
data processing, the development of learners’ digital skills (Welsh et al., 2013), increasing
access and inclusion (Smith and McNeal, 2023) and meaningful contribution to learning
(Medzini et al., 2015), digital fieldwork tools such as Virtual Field Trips (VFTs) have been cited
as one of the reasons for a decline in the quantity of fieldwork undertaken (Maw et al., 2011)
with the need to leave the classroom for fieldwork removed (Boyle et al., 2007). Some
consider that they are an inadequate replacement to in-field approaches (Smith and McNeal,
2023), with limited/no impact on overall learning outcomes (Juergensmeier et al., 2024), and
that the technology a distractor in fieldwork (Smith et al., 2016). In contrast, others see it as
complementing existing fieldwork practice (Stokes et al., 2012; Leininger-Frézal and Sprenger,
2022) with virtual fieldwork acting as a valuable additional link between the classroom and
the field (Thorndycraft et al., 2009; Edwards and Larson, 2020). Acceptance of virtual
fieldwork environments was found to be higher in facilitators than in undergraduate learners,
with facilitators finding these approaches more useable (Puhek et al., 2013). Although HE
learners identified that virtual fieldwork was enjoyable and a good way to learn, they did not
view it as an acceptable replacement to fieldwork (Spicer and Stratford, 2001), with
bioscience students preferring in-person and blended approaches over online options during
the Covid-19 pandemic (Mehta et al., 2024). Although other studies have identified that

virtual fieldwork improves intrinsic motivation of students (Juergensmeier et al., 2024).

The recent shift to digital delivery modes of fieldwork (Bryson and Andres, 2020; Creech and
Shriner, 2020) mean that a broadened field of practice exists within fieldwork post-Covid-19
(Creech and Shriner, 2020; Cowles and Onthank, 2021; Verdes et al., 2021) with learners and
facilitators both having experience of navigating this shift. Some fieldwork now incorporates
a combination of digital and in-field approaches (McKinnon, 2020; Lee et al., 2020; Geange et
al., 2021; Nicotra et al., 2022), yet these represent case studies of individual institutions
which do not represent embedded practice throughout bioscience fieldwork in HE and do

not use a common language to describe this fieldwork practice.
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Opportunities to capture interested and affected parties’ views are vital as much of the
literature focuses solely on facilitator views (Barton, 2020; Bryson and Andres, 2020; Scerri et
al., 2020; Firomumwe, 2022) or small number of learner views (West et al., 2023). These
views should be actively sought as we consider the role and value of digital tools within
fieldwork and support the transition to an integrated model of fieldwork which utilises both

in-field experiences alongside digital fieldwork components.

A consistent and accepted terminology for this broadened field of practice is yet to be
established within the geosciences (Foley et al., 2024) or the biosciences. Even within VFTs
there is variety in both the pedagogy and technology resulting in different outputs (Leininger-
Frézal and Sprenger, 2022). There is a need for a holistic non-subject specific classification
system that can be used to define this broad practice within fieldwork post-Covid-19.
Inspired by the notes within a review of virtual worlds usage in education (Duncan et al.,
2012) it should focus both on the activity (or delivery mechanism) and the learning theories
(or pedagogic approach) to define the fieldwork practice. Such a classification system would
seek to use a common language to define practice and enable a holistic taxonomy of
fieldwork opportunities to be identified. This holistic taxonomy of fieldwork would aim to
shift the focus away from competition between delivery modes, to one which enables
progression to be planned where variety in delivery mode can support diverse learners and
help to increase equality and inclusion within fieldwork disciplines (Cooke et al., 2020); an

identified challenge present within fieldwork (Beltran et al., 2020; Zavaleta et al., 2020).

2.1.4 Research aim and objectives

The overarching research aim (RA) of this chapter is to define digital fieldwork and use this
definition to broaden existing models of fieldwork (RA1). To address this aim, this chapter
will focus on two research objectives (RO). First, it will define post-Covid-19 fieldwork
practice in terms of delivery mechanism and pedagogic approach (RO1.1). Second, it will
evaluate how digital fieldwork is viewed and valued by interested and affected parties

(RO1.2).

2.2 Methods

2.2.1 Review of the literature

This research seeks to create a non-discipline specific classification system of all fieldwork
practice. Using the principles outlined in Cohen (2018), a post-positivist review of the

literature was used to construct a coherent understanding of fieldwork practice within HE. A
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comprehensive search strategy and abstract mining using inclusion and exclusion criteria was
undertaken in May 2021 for articles published in 2000-2020, and again in October 2024 for
articles published in 2021-2023, with Scopus identified as an appropriate data base (Table
2.2). As fieldwork is a signature pedagogy within both the biosciences, and geography, earth,
and environmental science (GEES) disciplines (Munge et al., 2017), two searches were

conducted each time.

For the biosciences a total of 306 papers (254 between 2000 and 2020; 52 between 2021
and 2023) were identified and reduced to 58 (45 between 2000 and 2020; 13 between 2021
and 2023). For GEES a total of 394 papers (344 between 2000 and 2020; 50 between 2021
and 2023) were identified and reduced to 124 (100 between 2000 and 2020; 24 between
2021 and 2023). This resulted in a total of 182 articles for analysis. The abstract screening

was undertaken using the inclusion and exclusion criteria identified in Table 2.2.

A full review of these 182 articles was undertaken to determine the frequency of five
overarching fieldwork delivery modes (In-field, Blended, Virtual, Technology in Field and
Augmented Reality) between the years 2000-2023, and to identify the pedagogic approaches

and delivery mechanisms used within fieldwork.

A review of the 145 articles (2000-2020) was undertaken to identify the defining
characteristics of digital fieldwork, which informed subsequent digital fieldwork design work

undertaken in Chapters 3 and 4.
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Table 2.2 Details of the search terms used on SCOPUS (Elsevier, 2024) and the
inclusion/exclusion criteria used within the abstract review.

Biosciences

Geography, Earth, and Environmental

Sciences

(bioscience OR ecology OR biology}
AND {“Higher Education” OR university}
AND {Fieldwork OR “Virtual fieldwork”
OR “Field trip” OR “virtual reality” OR
“m-fieldwork” OR “digital fieldwork”

(GEES OR geography OR geology OR
earth science” OR “environmental
science”}AND {“Higher Education” OR
university} AND {Fieldwork OR “Virtual
fieldwork” OR “Field trip” OR “virtual

§ OR “m-learning” OR blended). reality” OR “m-fieldwork” OR “digital
% fieldwork” OR “m-learning” OR
:;3 blended).
Inclusion criteria Exclusion criteria
Published in English. Published in a language other than
English.
Must be original research papers, Opinion articles.
review papers or case studies.
q;; Published after the year 2000. Published before the year 2000.
g Quantitative or qualitative No relevance to Higher Education
g methodology using descriptive or fieldwork teaching.
% experimental designs.

2.2.2 Expert panel interviews

Semi-structured interviews (n = 10) were conducted with identified eaders of the field’

(utilising direct knowledge of the fieldwork sector) to support the defining of the post-Covid-

19 fieldwork practice and to determine how fieldwork is viewed and valued by these

individuals.

Representatives from diverse HE institutions (Table 2.3) with contrasting fieldwork and digital

teaching experiences were sought, alongside teaching and learning colleagues within subject

associations and experts from industries involved with practical fieldwork and digital tools to

support fieldwork.

31




Semi-structured interviews (Appendix 2.1) enabled participants to share their background
and experiences within fieldwork, as well as their views on the purpose, challenges and
opportunities present within fieldwork and digital fieldwork. Many also shared and reflected

upon their knowledge of other institutions and organisations fieldwork experience.

Table 2.3 Job roles of the expert panel interview participants.

Participant Code | Role

EXP A. Industry (Environment Agency).

EXP B. Subject Association/Industry (Field Studies Council).

EXP C. Subject Association (British Ecological Society).

EXP D. Subject Association (Geographical Association).

EXP E. Higher Education (Cardiff University).

EXPF. Higher Education (Open University).

EXP G. Subject Association (Royal Geographical Society).

EXP H. Higher Education (Manchester Metropolitan University)/ Industry
(Ecological Consultancy).

EXP L. Teaching and Learning Community.

EXP J. Industry (ESRI UK).

2.2.3 Fieldwork practitioner survey

The themes and findings from the expert panel interviews helped to inform the construction
of the fieldwork practitioner survey. This survey had open questions to capture the
challenges experienced and the under-utilised opportunities of both in-field and digital
fieldwork. Closed questions were used for participants to share the different types of
fieldwork approaches they facilitated, to self-evaluate the in-field and digital fieldwork
experiences they had previously facilitated and to define the purpose of both in-field and
digital fieldwork. With the responses available in these ‘purpose’ questions coming directly

from the themes identified within the expert panel interviews.

The fieldwork practitioner survey (Appendix 2.2) was promoted through Newcastle
University School of Natural and Environment Science Academic Groups, Newcastle
University Teaching and Learning Groups, British Ecological Teaching and Learning Special

Interest Group, Enhancing Fieldwork Network, Field Studies Council education network,
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Nature Friendly Schools education network, geography and science 14—-18-year-old teacher

networks and through X (previously Twitter).

2.2.4 Student focus groups
Student focus groups (n = 4) (Appendix 2.3) were conducted with a total of 22 participants,

across different stages of study, using an adapted nominal focus group technique (NFGT)
(MacPhail, 2001; Varga-Atkins et al., 2017). This method was used to specifically capture
both individual reflections and views (Stages 1 and 3) as well as providing an opportunity for
group discussion (Stage 2), the identification of group priorities alongside ideas for
enhancement of provision (Stage 4) and finally further discussion (Stage 5). Figure 2.1
summarises the adapted NFGT technique with a copy of the focus group schedule is included

within Appendix 2.3.

Fourteen participants were current Newcastle University students; six were postgraduate
students enrolled on a Habitat Monitoring and Assessment module, three second year
undergraduate students undertaking a Residential Field Course module and five second year
undergraduate students enrolled on a Marine Practical Skills module. Focus groups were held
in person with student volunteers during residential field courses. Each focus group was

audio recorded with a whiteboard used to record participant contributions.

An online focus group hosted via Zoom was held with eight members of the Field Studies
Council (FSC) Youth Council who were invited to attend on a voluntary basis. The FSC Youth
Council is a group of young naturalists aged 16-25 from across the UK who act as
representatives for other young people who engage with the FSC. This focus group was
conducted with FSC’s Youth Engagement Officer present, for parity the session was recorded,
with a shared digital whiteboard used to record participant contributions. All focus groups
lasted between 60 minutes and 90 minutes, with recordings subsequently transcribed and

taken forward for analysis.
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Individual reflection and What are the defining characteristics of digital fieldwork and how do these
sharing 1 enhance existing in-field fieldwork provision?

¥

Stage 1

~
e o di ) What are the challenges and opportunities of in-field fieldwork?
8 REA.CISCYSS10n What are the challenges and opportunities of digital fieldwork?
7
™M
@ Individual reflection and What are the defining characteristics of digital fieldwork and how do these
S sharing 2 enhance existing in-field fieldwork provision?
7}
< Would any of these ideas benefit from further clarification?
s Clarification, Are you able to group together ideas which are similar?
g consolidation and voting Individually vote on your ranked top five priorities of characteristics of digital
fieldwork.
| Is anyone's view not represented?
2 Does anyone disagree, and why?
%  Priorities discussed Why are these important?
a What impact would these have on fieldwork outcomes?

Figure 2.1 Adapted Nominal Focus Group Technique (NFGT). Stage 1: Participants given time
for individual reflection on the defining characteristics of digital fieldwork and how these
enhance existing in-field fieldwork provision. Participants take it in turn to share all their
ideas, which are recorded visually for the whole group to see. Stage 2: Open discussion on the
challenges and opportunities of in-field and digital fieldwork. Stage 3: Revisit of Stage 1
questions, with further personal reflection time and individual sharing of additional defining
characteristics. Stage 4: Participants discussed the collated defining characteristics asking for
clarification from their peers where needed. The list was consolidated with similar
characteristics grouped. Participants asked to choose their top five priorities for the defining
characteristics of digital fieldwork, awarding their first choice five points, second choice four
points, third choice three points, fourth choice two points and fifth choice one point. Stage 5:
Total points are calculated with the groups top 5 priorities being identified and then
discussed.

2.2.5 Participatory workshops

Student workshops (n = 3) were conducted with a total of 22 participants. All participants
were second year Newcastle University students participating in a field-based ecology
module. Workshops were held in person and audio recorded, with student volunteers during

the residential field course aspect of the module.
A workshop task was set following the protocol below:

1. Introduction of the different learning activities within the model (Table 2.4).

2. Workshop participants invited to discuss their experiences of these learning activities
within the module.

3. Participants were tasked with placing these individual learning activities on a graph

axis depicting learner and facilitator roles (Figure 2.2).
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4. A discussion was facilitated where participants could share what knowledge, skills

Table 2.4 Summary of the teaching and learning activities for the field-based ecology module.

and/or behaviours they think were developed during these different learning

activities within the module.

Code | Activity/Session Mode of delivery

1. Overview of module. In-person lecture and discussion.

2. Fieldwork planning and preparation. In-person lecture and discussion.
Teamwork and inclusivity.

3. First aid, health, and safety. In-person lecture and discussion.
Mental health, wellbeing and
belonging.

4, Virtual habitat- marine. In-person workshop using virtual

fieldwork resources.

5. Digital Field Notebook and recording In-person lecture and discussion.
data in the field.

6. Information on individual projects Lecture.

7. Virtual habitat- woodland and In-person workshop using virtual
freshwater. fieldwork resources.

8. Mapping in the field & app recording. | Lecture.

9. Gosforth Nature Reserve field visit. In-person fieldwork.

10. Intro to R- reading in data. Workshop.

11. Meet your project groups. Hybrid small group seminar.

12. Group planning. Hybrid small group seminar.

13. Millport residential fieldwork. In-person fieldwork.
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Mentor

Facilitator role

Teacher

S
Ld

Passive Learner role Active

Figure 2.2 Axes used to define learner and facilitator roles during fieldwork (adapted from
Kent et al., 1997; Panelli and Welch, 2005; Herrick, 2010; Peasland et al., 2019).

2.2.6 Data analysis

This research produced quantitative and qualitative data from a review of the literature,
expert panel interviews, fieldwork practitioner survey, student focus groups and participatory
workshops. Table 2.5 summarises the quantitative and qualitative data analysis undertaken
for each of these methods and how these relate to each of the research objectives. This
combination offers a comprehensive and holistic view of the research data. The quantitative
analysis methods give insight into trends and relationships, and the strength of these, while
the qualitative data analysis enables us to understand these data, with rich interpretation of

participants’ experiences on this subject.
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Table 2.5 Summary of the da