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Abstract. The rise seen in the use of the virtual field trip
in 2020 and 2021 due to the global COVID-19 pandemic
was unprecedented. Virtual field trips aim to replicate the
learning outcomes and experiences of actual field trips by
providing a digital alternative to in-field courses. They pro-
vide valuable opportunities for those unable to visit the field
and alternative learning experiences for those that can. How-
ever, understanding their efficacy in terms of learning out-
comes, the effectiveness of the learning support offered, and
cohort cohesion generally remains untested. Here, we show
how negative aspects of a virtual field trip both pre- and
post-course are countered by positive outcomes in terms of
the breadth of learning outcomes and experience. As part
of our analysis, we tested methods to mitigate barriers to
inclusion and learning on a virtual field trip, including in-
ternet connectivity and hardware access; the use of printed
workbooks; and limitations to interaction, support, and co-
hort cohesion. Our results show that, although negative per-
ceptions (as evidenced by questionnaire responses) are dom-
inant, with 71 % of the 27 pre-course respondents and 88 %
of the 21 post-course respondents commenting on these as-
pects across both student and staff cohorts, positive aspects of
virtual field trips (43 %–57 %) also feature highly. Students
show a positive shift in their perception of online teaching
and learning over the course, with positive comments mov-
ing from 19 % pre-course to 71 % post-course, whereas pos-
itive comments by staff are low both pre- and post-course (at
14 %). Printed workbooks, staff-to-student ratios, and inter-
action are received positively. Overall, we find that negative
perceptions of virtual field trips pre- and post-course exist but
that both students and staff also identify positive elements,
including the breadth of learning outcomes, particularly re-

garding data synthesis and analysis. We suggest ways to learn
from these findings in order to design virtual field trips that
deliver effectively in blended learning environments for the
benefit of all.

1 Introduction

Geological fieldwork in the years 2020 and 2021 was signifi-
cantly impacted by the COVID-19 global pandemic (Arthurs,
2021; Rotzien et al., 2021). In the UK, the pandemic resulted
in the country going into “lockdown”, an effective stay-at-
home order, restricting travel and social interaction, from late
March 2020 (Iacobucci, 2020). Other countries were simi-
larly affected. The result of this situation was that no geolog-
ical fieldwork could be undertaken; thus, many undergradu-
ate programmes that were heavily reliant on summer field-
work were placed in jeopardy. For undergraduate students at
the end of their penultimate BSc year, this placed them (and
staff) in the difficult position of missed credits from Easter
and early-summer field trips. With no likelihood of a sum-
mer mapping camp (or dissertation), students were on track
to enter their final year with a significant credit deficit and
minimal field experience.

Prior to the pandemic, virtual outcrops and virtual learn-
ing environments had slowly been developing over recent
decades (Hurst, 1998; Tuthill and Klemm, 2002; Pringle et
al., 2004; Trinks et al., 2005; Buckley et al., 2010; Çaliskan,
2011; Tibaldi et al., 2020), with increasing use and applica-
tion in research (Casini et al., 2016; Cawood et al., 2017),
teaching (Tibaldi et al., 2020; Bond and Cawood, 2021), and
conservation (Martínez-Graña et al., 2013; Pasquaré Mari-
otto et al., 2021). However, prior to the above-mentioned
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lockdown situation, the effectiveness of virtual outcrops and
virtual field trips had been little evaluated (compared with
actual in-field experiences); for an early example, the reader
is referred to Dohaney et al. (2012). Nevertheless, with an
almost 100 % change in the sector from actual to virtual field
trips overnight in early 2020, there are now a growing num-
ber of publications and papers in this area (Mead et al,. 2019;
Whitmeyer and Dordevic, 2021; Bond and Cawood, 2021;
Bos et al., 2021), of which papers in this volume are an ex-
ample.

At the University of Aberdeen, UK, as at many global
academic institutions, staff moved quickly to replace field
training with virtual alternatives. In many respects, Aberdeen
was well placed with existing expertise and resources in vir-
tual outcrop model creation and use as well as with open-
access models that could be used by the broader geological
community (e.g. eRocK, https://www.e-rock.co.uk/, last ac-
cess: 23 September 2022, see Cawood and Bond, 2019, and
v3Geo, https://v3geo.com/, last access: 23 September 2022
see Buckley et al., 2022); in addition, Aberdeen possessed
previous expertise in using online resources, such as the UK
Virtual Microscope (http://www.virtualmicroscope.org/, last
access: 23 September 2022, see Herodotou et al., 2018) and
the Virtual Seismic Atlas. However, concerns remained re-
garding the efficacy of multiple aspects of online learning
and virtual field trips.

Rather than focusing on the design and delivery of the ge-
ological elements of the virtual field trip, in this contribu-
tion we consider the issues of the effect of student and staff
perceptions on learning outcomes, the provision of learning
support, and cohort cohesion, with a view to learning to in-
form future virtual field trip delivery. An initial key concern
was internet connectivity and digital infrastructure, which
was pertinent to the course design and delivery; a subsequent
concern was the lived experience of students in using on-
line resources and learning through participation in a virtual
field trip.

We were first interested in ensuring effective course design
and examining the impact on student learning and student
satisfaction/dissatisfaction with the course arising from the
digital infrastructure. Internet connectivity and digital infras-
tructure have been identified as a barrier to education, with
implications for equality, diversity, and inclusion (Laksana,
2021; Pearson and Reddy, 2021; Devkota, 2021; Ochieng
and Gyasi, 2021); although many studies focused on these
issues have been on developing countries, similar issues are
found in the most advanced global economic countries (e.g.
Sanders and Scanlon, 2021). Internet connectivity is essen-
tial for the delivery of online courses and for the real-time
use of 3D virtual outcrop models during virtual field trips. In
this regard, digital resources are particularly pertinent to the
delivery of virtual field classes, as they can require signifi-
cant internet speeds for live streaming. The rendering of 3D
geological models also often requires “higher-end” graphics
cards, causing specific challenges. Such digital capacities in

education are an issue identified and outlined in detail by Ab-
duvakhidov et al. (2021).

Our second focus – student perceptions of the challenges
that they would face in completing a fully online virtual field
course – was chosen because perceptions have important im-
plications for learning ability and learning outcomes. Evi-
dence from pedagogic studies show that student concerns
around learning environments, cultures, and other stresses
have an impact on learning ability and gains (Hess, 2002;
Christie et al., 2008; Xia, 2009). Effectively, being placed in
an unfamiliar environment increases the mental load and re-
duces the capacity for engagement in learning. Pre-fieldwork
anxiety has been demonstrated for students who are, for ex-
ample, unfamiliar with fieldwork and/or the outdoors or for
students who are concerned about the use of shared facil-
ities on a field trip (Boyle et al., 2007; Stokes and Boyle,
2009). Although familiar in one sense, working from home
during COVID-19 was unfamiliar and uncertain, as was the
delivery of a new and alternative course in a novel format us-
ing new software at short notice. Novel space has the poten-
tial to distract student participants from achieving the learn-
ing outcomes of the virtual field trip (Orion and Hofstein,
1994). The online environment also presents different chal-
lenges to learning, including a lack of connection, the pos-
sible absence of the development of a learning community
(sensu Tinto, 2008), and the possible absence of a positive
emotional setting for learning (Cleveland-Innes and Camp-
bell, 2012). We refer to these aspects as “cohort cohesion”
(as described by Wathington et al., 2010). We were interested
in the students’ perceptions of how their learning in this un-
familiar environment was affected.

Similarly, our third focus considered staff perceptions of
the programme and delivery challenges. We were interested
to see if student perceptions pre-course mirrored those of
staff, if likely challenges identified by staff and the associ-
ated mitigation strategies were apparent and effective, and
we were also interested in evaluating how perceptions of staff
and students changed over the course of the programme.

To evaluate the three above-mentioned foci, we designed
three online surveys (see Supplement). Here, we reflect on
the outcomes of the three surveys, discussing the implica-
tions for learning and teaching in new formats, drawing out
the potential benefits and challenges of different approaches,
and examining how staff and student perceptions changed.

2 Designing the course

After the lockdown was announced, a group of staff worked
as a team over the subsequent 6-week period to develop a
5-week training programme that would directly replace a
2-week field trip. The original field trip was designed for
penultimate-year undergraduate students, in the Northwest
Highlands of Scotland, and had previously acted as precur-
sor to their final-year 6-week individual mapping disserta-
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tion. Significant consideration was given to the length and
format of the replacement online training, with a longer pro-
gramme eventually favoured for inclusion purposes, e.g. stu-
dents ill with COVID, students working in critical supply
chain jobs, and students with caring responsibilities (schools
and other facilities were closed). This allowed a format of
two recorded “kick-off” sessions a week, essentially 10 work
elements over the 5-week period, with drop-in sessions at
various times, including some evening sessions, to accom-
modate the diversity of individual situations and availability
within the student cohort.

An initial exercise was undertaken amongst the staff team
to consider the learning outcomes of the “actual” field trip
and how these mapped onto the possibilities for delivery in a
virtual environment. The learning outcomes for the original
field trip were as follows: seeing rocks in their context in the
field; making detailed observations of rock outcrops and fab-
rics; collecting structural data; completing sedimentary log-
ging; interpreting and analysing structural data; interpreting
and analysing sedimentary logs; building and maintaining
a field notebook; field sketching; interpreting field observa-
tions to make predictions; interpreting field observations to
build a geological history; and synthesizing datasets to create
maps, cross sections, and evolutionary understanding as well
as to carry out analysis of palaeoenvironments. Through the
series of activities designed, the staff team felt that all of the
learning outcomes could be achieved, apart from the above-
mentioned physical aspect of “seeing rocks in their context
in the field”, although this could be done virtually. Along-
side the geological learning outcomes was the consideration
of how academic and peer support could be used in a virtual
environment to best achieve the learning outcomes and build
cohort cohesion to aid learning. These latter elements were
in many ways more challenging; the logistics of effective
learning strategies with the external factors and uncertainty
related to delivery during the early weeks of the COVID-
19 pandemic, including a 5-week-long programme with the
potential for fragmented learning and limited cohort inter-
action, were concerns. Mitigation measures to address these
concerns were built into the programme design. Further con-
cerns included the internet connectivity of the students and
staff required to attend and deliver the programme.

2.1 Internet access

The issue of the potential impact of internet connectivity was
addressed immediately to inform course design and delivery.
An initial questionnaire was conducted to test students’ inter-
net connection speeds, with respect to download speed, up-
load speed, and latency (through a linked testing service); to
determine what computer hardware they had access to; and
to find out about their daily availability over the duration of
the course. We were also conscious that the students would
be facing potentially new and additional challenges during
the course; thus, we included a free-form question entitled

“Other Issues” in which we asked students to “...highlight
any other issues that you feel you may have in completing
the work (e.g. childcare commitments, key-working, lack of
quiet space/time to work – note that these are just examples,
this list is not exhaustive). Please give as much information as
possible as to how any issues raised will likely affect you.”.
This initial questionnaire was completed by all students in
the course.

Students participating in the course were based in lo-
cations across the UK and Europe. Tests of the students’
internet quality (download speed, upload speed, and la-
tency) established that the overall quality of internet in
the student cohort was poor compared with published data
from SPEEDTEST (https://www.speedtest.net/, last access:
May 2021), using results obtained for global averages in
May 2020, and similarly from Ofcom for the UK (https:
//www.ofcom.org.uk; last access: May 2021), using results
obtained for May 2020; the reader is referred to Fig. 1a for
an overview of the internet speed data. The average UK up-
load speed in May 2020 falls out with the upper quartile of
student speeds, and the UK average download speed at that
time was bettered by the only student with an ethernet cable,
who had the fastest download speed in the cohort. It is worth
noting that students were asked to test internet connectivity
at a time during the day when they were likely to be attend-
ing the programme. We also recognized that home internet
at the time was under significant stress, with the potential for
several working adults on video calls during the daytime on
one home internet connection.

We also monitored connectivity during the live sessions, so
that we could react dynamically to issues. It was clear from
this monitoring that some participants had issues with con-
nectivity, identified by a red poor-connection signal within
the virtual classroom environment used for delivery. Evi-
dence from the virtual classroom software suggests that these
problems were, however, very limited, with most students
connecting just once to live sessions (Fig. 1b). The data pre-
sented in Fig. 1b are for 22 live sessions over the duration
of the 5-week virtual field trip. We assume that those join-
ing once or twice are joining and leaving sessions at will,
whereas those joining three or more times are having con-
nectivity or software issues. Note that 155 of the 180 total
joins to sessions were single joins, and 18 were double joins,
with only 7 joins falling into the ≥ 3 category. This also im-
plies that, for students who did on occasion experience is-
sues, problems were not persistent over the virtual field trip.

A series of mitigation measures were designed into the
course to minimize the potential impact of internet connec-
tivity issues as well as to maximize the effectiveness of the
hardware to which the students had access. Each live intro-
ductory session was recorded for student access after de-
livery. Similarly, question and answer sessions were also
recorded. The only sessions not consistently recorded were
smaller group sessions led by PhD students. A printed work
booklet was sent to all students in advance of the course;
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Figure 1. Internet speed and connectivity data. (a) Student internet upload and download speeds, presented in megabits per second (Mbps)
and plotted as full and interquartile ranges with the averages marked. The student cohort data are compared to UK and global averages for
the same time period as the virtual field trip (May 2020). Note that the one student with an ethernet cable plots as an outlier with respect to
download speeds. (b) Data from the online student classroom that summarize the number of joins per session to the virtual classroom to 22
live online sessions over the 5-week virtual field trip.

it contained a timetable of activities, explanatory sheets for
each session, information on formative and summative as-
sessments, and session material (e.g. detailed photographs
and maps). This helped mitigate potential internet and hard-
ware issues, for example, to render 3D models and visualiz-
ing images; given that most of the students were working on
laptops, with a single relatively small screen, it also allowed
them to refer to material whilst engaging with the staff on
a live video stream or looking at a virtual outcrop model.
Some sessions required Google Earth, the session instruc-
tions (PDF format), virtual outcrop models, and detailed pho-
tographs; thus, access to some of that material in hard copy
was useful, ensuring that more than one element could be
considered at the same time.

2.2 Student availability and other issues

There was a range with respect to student availability, with
some students undertaking essential-worker roles in critical-
service sectors, whereas others were generally available.
Other issues identified by the students were Wi-Fi variabil-
ity, childcare, and the availability of a quiet working space;
these issues were compounded by many students having re-
turned to their family homes with multiple adults working
from home (online) and/or the presence of younger siblings.
Most of the mitigation measures that were put into place
were focused on the length, frequency, and scheduling of ses-
sions for the programme as well as the availability of session
recordings for all, with clear supporting written explanations.
The smaller group sessions were scheduled so that all stu-
dents had live access to at least these sessions. The purpose
of the small group sessions was, in-part, to allow a “safer”
space (e.g. Gayle et al., 2013) in which students could ask
questions in smaller groups and to a PhD student in order to

breakdown potential issues around fear of speaking up in the
larger full-class setting and to more senior staff members.
Although, a “there’s no such thing as a silly question” phi-
losophy was imbued, the permeation and acceptance of such
mitigation measures within student cohorts can be difficult.

3 Eliciting perceptions

3.1 Survey design

The main dataset analysed in this paper was sourced from
two sets of online questionnaires completed by the students
and staff participating in and delivering the course. Participa-
tion in the questionnaires was voluntary, and the University
of Aberdeen ethical procedure was followed. The aim of the
questionnaires was to inform our overarching research ques-
tions, which are as follows:

1. Did the participants and staff perceive that the learning
outcomes were achieved?

2. Were effective measures put in place to support the
learning outcomes and delivery?

3. Did the participants and staff perceive the peer–peer and
academic support to be effective?

The first pre-course questionnaire focused on participants’
perceptions of (i) the learning outcomes of the trip; (ii) the
learning support (i.e. peer–peer and academic–student inter-
actions); and (iii) some of the logistics and challenges asso-
ciated with online distance learning, particularly virtual field
trips. The questionnaire design and the statements for which
perceptions were elicited were informed by the original field
trip learning outcomes, and they were then further developed
by staff discussions during the design of the programme that
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reflected concerns regarding the delivery of the learning out-
comes and associated factors, such as cohort cohesion and
logistics, and issues involved with virtual field trip delivery.
The full set of the survey questions can be found in the Sup-
plement. All of the questionnaires eliciting perceptions were
answered anonymously.

The questionnaires started with two questions that elicited
student and staff perceptions using an open-text-box re-
sponse on the positive and negative aspects of a virtual field
course. The questions were as follows:

– What do you think the positive aspects of a virtual field
course might be?

– What do you think the negative aspects of a virtual field
course might be?

Participants were then asked to express the extent to which
they agreed with 25 statements (Supplement) using a Likert
scale response between 1 and 5, corresponding to how much
they agreed with the statement. We chose a mixed-methods
approach with a Likert scale to allow for easy analysis of the
survey, but we also included an open text box in which partic-
ipants could add qualitative statements to elaborate on their
quantitative answers. The open text allowed participants to
highlight any areas that they felt were important but that had
not been raised by the questionnaire statements. The student
and staff questionnaires mirrored each other and were simply
phrased for participation and delivery respectively. The sec-
ond post-course questionnaire was circulated after the course
and focused on the same statements as presented in the pre-
course questionnaire, although from the new perspective of
having completed the course or, for staff, having delivered it.
It is important to note that not all student participants com-
pleted the pre-course questionnaire in advance of the course
and that some students returned theirs after the first week of
the course.

3.2 Survey analysis

There were 22 students enrolled in the course and 11 staff
members, consisting of 6 full-time staff members and 5
PhD student demonstrators. Different staff were involved
in delivery for different weeks. For the pre-course ques-
tionnaire, there were 20 student respondents and 7 staff re-
spondents; for the post-course questionnaire, there were 14
student respondents and 7 staff respondents. There were a
couple of questions not answered by all respondents, these
were “Building and maintaining a field notebook” in the pre-
course questionnaire, which was not answered by one staff
member, and “Collecting structural data” and “I think the
ability for students (me) to engage in and complete work on
the Virtual Field Trip will be affected by caring responsibil-
ities” in the post-course questionnaire, which were both not
answered by one student. Likert scale answers to the state-
ments from all responding participants were summed, with

median and interquartile ranges calculated and plotted in
box-and-whisker format to show the range in the perceptions
of staff and students pre- and post-course with respect to the
25 statements. We chose to present our Likert data in box-
and-whisker format, as this shows the median, minimum, and
maximum choices as well as the interquartile range, follow-
ing Holzer et al. (2013) and Gregory et al. (2022). The full set
of ordinal responses are presented in the Supplement. In con-
trast, the free-text comments required coding before analysis.
The initial codes were developed by two of the author team,
who defined a set of correlative codes that spanned the range
of respondent opinions, both positive and negative. The cod-
ing was designed so that multiple codes could be assigned
to each comment to capture the breadth of respondent per-
ceptions during coding. Codes were then checked by the full
author team to ensure that they were relevant and that their
descriptors were explanatory. Detailed reflection and refine-
ment resulted in a final set of 10 codes and associated de-
scriptors (Table 1), which captured the critical elements of
participants’ comments. Codes were not explicitly designed
to be paired; however, 8 of the 10 codes were effectively posi-
tive and negative pairs: accessibility, equality, and inclusion;
time management; aspects of online teaching and learning;
and aspects of the virtual field trip. The codes were then
applied to the qualitative free-text responses, by the author
team, as three pairs and one individual to generate a set of
codes for each participants’ free-text responses. The four sets
of codes were then compared, and the discrepancies were mi-
nor. The full author team met, reviewed the codes, and agreed
upon a final set of codes for each free-text response.

4 Perceptions

First, we consider the responses to the quantitative state-
ments and then go on to consider the qualitative free-text re-
sponses from participants to the first two questions posed and
the open-question option. The full dataset is provided in the
linked data repository, and all questionnaires are given in the
Supplement.

4.1 Quantitative statements

Numerical responses were collated for each statement and
plotted as box-and-whisker diagrams. Responses are collated
into the three key themes: learning outcomes, peer–peer and
academic support, and logistics. The key findings are shown
in Figs. 2, 3, and 4 respectively, and they are grouped by
statement to enable comparison between the student and staff
responses and between pre- and post-course differences. As
the questionnaires were anonymized, changes in individual
opinion could not be tracked; however, by analysing the me-
dian and interquartile ranges (IQRs) of the sets of responses,
it is possible to interpret the collective perceptions of the two
cohorts (students and staff) both pre- and post-course and,
thus, to track changes in perceptions with time. Differences
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Table 1. Summary of codes and descriptors for the qualitative text analysis; the table is colour-coded to display the positive (green) and
negative (red) aspects.

between student and staff perceptions were observed for cer-
tain statements, and the key observations are described be-
low. It should be noted that one student responded with the
most negative option for all of the learning outcome state-
ments; from their response to the open question, it was clear
that this student was frustrated at not being able to go in the
field, and we interpret their responses as reflecting this frus-
tration. Often this negative response is shown as an outlier
(a dot) in the box-and-whisker plots. Despite the low num-
ber of participants, particularly in the staff cohort, we ran
a Mann–Whitney U test (Mann and Whitney, 1947) to as-
certain significant differences in perceptions for the student
pre- and post-course responses, staff pre- and post-course re-
sponses, and between the student and staff pre-course and
student and staff post-course responses. The full results of
the Mann–Whitney U test are available in our data reposi-
tory. The perceptions that show a statistically significant dif-
ference at the p < 0.05 level and, in one case, at the p < 0.01
level are highlighted in Figs. 2, 3, and 4 and are discussed in
Sect. 4.1.1–4.1.3.

4.1.1 Learning outcomes

Key responses to the learning outcomes statements are shown
in Table 1. Responses of 1 reflect an opinion of unlikely to
be achieved, whereas 5 reflects an opinion of likely to be
achieved. The statement “students are likely to see rocks in
their context in the field” (Fig. 2a) was typically met with
neutral responses prior to the course, with students and staff
scoring the statement with a median response of 3.7 and hav-
ing the same IQR of 2–3. Post-course, the IQR increased for
both cohorts: 2–4 for students and 1–4 for staff. The median
student response decreased slightly to 3.5, whereas staff per-
ception decreased to 2. For the statement “students are likely
to make detailed observations of rock outcrops and fabrics”
(Fig. 2b), the students and staff had median scores of 3 and
IQRs of 3–3.75 (students) and 2–3 (staff) pre-course. Post-
course, the IQR for students narrowed to 2.5–3, whereas the
staff IQR increased 2–4. The median responses remained
consistent at 3.

There was diverse opinion both pre- and post-course from
students and staff with regard to the “ability of students to
complete sedimentary logs” (Fig. 2c), with the IQR span-
ning from 2 to 4 in all response sets, but most participants
agreed that the “interpretation and analysis of sedimentary
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Figure 2. Quantitative responses to learning outcome statements.
Panels (a)–(i) summarize staff and student responses to a series of
statements related to learning outcomes on a scale of 1–5: 1 is un-
likely to be achieved, and 5 is likely to be achieved. Responses are
grouped by statement and presented as pre-course and post-course
responses for the student and staff cohorts.

logs” would be possible (Fig. 2d), with an IQR of 4–5 pre-
and post-course; the staff opinion remained unchanged with
a median of 4 pre- and post-course, whereas the student me-
dian increased from 4 pre-course to 5 post-course . Similarly,
students and staff were optimistic about the “interpretation of

Figure 3. Quantitative responses to peer and academic support
statements. Panels (a) and (b) summarize staff and student re-
sponses to statements related to peer–peer learning and student co-
hesion on a scale of 1–5: 1 is no to little impact, and 5 is a significant
impact. Panels (c) and (d) summarize staff and student responses to
statements on support level on a scale of 1–5: 1 is less support, and
5 is more support. Responses are grouped by statement and pre-
sented as pre-course and post-course responses for the student and
staff cohorts.

structural data” (Fig. 2e) pre- and post-course, with an IQR
of 4–5 and median scores of 4.5 both pre- and post-course
for students and 4 pre-course and 5 post-course for staff;
the responses to the “interpretation of field observations to
make predictions” (Fig. 2f) were similar, with an IQR of 4–
5 both pre- and post-course for staff and students. Note that
these statements do not refer to the method of data collec-
tion; therefore, the responses do not refer to the acquisition
of field data, only the analysis and interpretation of that data.

Students and staff both predicted that they would be able
to “build and maintain a field notebook” (Fig. 2g), with an
IQR of 4–5 (students) and 3–4.25 (staff) in the pre-course
questionnaire; however, a significant difference was found
between student and staff perceptions pre-course, with stu-
dents significantly (p < 0.05) more confident than staff that
they would be able to build and maintain a field notebook
(Mann–Whitney U test value of 24.5; U at p < 0.05 was 27).
The post-course perceptions between the two cohorts were
not significantly different, with the IQR broadening for stu-
dents (3–5) and decreasing slightly for staff (3–4). The stu-
dent median was 5 both pre- and post-course, whereas the
staff median increased from 3 pre-course to 4 post-course;
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Figure 4. Quantitative responses to logistics statements. Panels (a)
and (b) summarize staff and student responses to statements related
to the length of the virtual field trip on a scale of 1–5: 1 is bad,
and 5 is good. Panel (c) summarizes staff and student responses to
statements related to the impact of internet access issues upon the
completion of the course on a scale of 1–5: 1 is not much, and 5 is
a lot. Panels (d)–(f) summarize staff and student responses regard-
ing the usefulness of printed workbooks on a scale of 1–5: 1 is not
really, and 5 is a lot. Responses are grouped by statement and pre-
sented as pre-course and post-course responses for the student and
staff cohorts.

thus, both students and staff felt it likely that this learning
outcome had been achieved post-course.

Similarly to the question on building and maintaining a
field notebook, “field sketching” was thought likely to have
been achieved by the student cohort pre-course, with a me-
dian of 4 and IQR of 4–5. For staff, the pre-course median
was 3, and the IQR was 2–4.25. These values are statistically
different: the U for p < 0.05 is 34, and the U returned was
25.5. Post-course, the medians remain the same, but the IQR

for the students increases to 3.75–5, whereas it decreased to
3-4 for the staff. These values are not statistically different.

Students were unsure about their potential “ability to inter-
pret field observations to build a geological history” (Fig. 2i)
prior to the course, with responses across a range of 2 to 5,
with an IQR of 3.25–4.75 and a median of 4. Post-course,
the IQR narrowed to 4–5 and shifted with a median score of
5. The Mann–Whitney U test showed this to be a significant
change (giving a U of 25.5; U at p < 0.05 is 34), with stu-
dents perceiving that this learning outcome was more likely
to have been achieved post-course. Staff responses showed
a similar, although not statistically significant, trend, with a
narrower IQR post-course, shifting from 3–5 pre-course to
4–5 post-course, and a post-course median of 5. This re-
sulted in very similar distributions for the staff and student
cohorts post-course. With respect to a similar statement on
being able to “synthesize datasets to create maps, cross sec-
tions, and interpretations” (Fig. 2j), students and staff had a
neutral to positive opinion pre-course, with an IQR of 3–5
(students) and 3–4 (staff). Post-course, the IQR was 4–5 for
both staff and students, and the median score increased from
4 pre-course to 5 post-course for students and remained at 4
for staff.

4.1.2 Peer and academic support

Questions on peer and academic support were scored from
1 (no to little impact) to 5 (significant impact). There was
a diversity of opinion within the student and staff cohorts
pre- and post-course regarding whether peer–peer learning
and cohort cohesion would be/had been impacted compared
with an actual field trip (Fig. 3a, b). For the statement “A
virtual field trip will in comparison to an actual field trip de-
crease peer–peer learning”, the IQR changed from 4–5 pre-
course to 2.75–5 post-course for students, with a consistent
median of 4 pre- and post-course. Staff had a greater IQR of
3–5 pre-course and a median of 4. Post-course, the staff IQR
remained the same, but the median score decreased to 3.

Prior to the course, students were unsure as to the “level
of academic support that they would receive as individuals”
(Fig. 3d), with a median value of 3, an IQR of 1.25–3, and
a full-response range of 1–5. The range of opinions on com-
pletion of the course was still 1–5, but the IQR had shifted to
2.75–5, with the median score remaining at 3. For staff, the
IQR was consistent pre- and post-course (2–4), with the me-
dian shifting from 3 pre-course to 4 post-course. A positive
shift in perception was seen from pre- to post-course in terms
of the “academic staff support for the group as a whole”
(Fig. 3e), with median scores from students and staff ris-
ing from 3 pre-course to 4 post-course. The positive change
in student perception was significant according to a Mann–
Whitney U test, with a U value of 71 (U at p < 0.05 is 83).
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4.1.3 Logistics

Regarding the length of the course, students and staff re-
sponded to two statements comparing a 5-week period of
distributed learning with a 10 d intensive course, with one
question focusing on the benefit to them as individuals and
the other focusing on the benefit to the group. A score of
1 correlated with a bad perception, and a score of 5 corre-
lated with a good perception. There was a broad spread in re-
sponse to both questions (Fig. 4a, b); however, both cohorts,
students and staff, felt that the extended 5-week time period
was “beneficial to individual students”, with pre-course me-
dian scores of 3 (students and staff) and post-course scores of
3.5 (students) and 4 (staff). For the “benefit of the group as a
whole”, median scores were consistent pre- and post-course,
with scores of 4 (students) and 3 (staff).

Students and staff had quite different perceptions of how
much caring responsibilities would impact the students’ abil-
ity to engage in and complete work (Fig. 4c). Both the pre-
course student and staff perceptions and the post-course stu-
dent and staff perceptions were significantly different. Pre-
course, the Mann–Whitney U test gave a U value of 12 (U
at p < 0.05 is 34, and U at p < 0.01 is 24) for the differ-
ence between student and staff perceptions. The students had
a median of 1 pre-course, and the staff had a median of 4.
The IQR values were 1–1.5 (students) and 3–5 (staff). Post-
course, the student median remained at 1, with an IQR of 1–
2.5. For staff, the post-course median and IQR values were
3. Post-course, the Mann–Whitney U test for the difference
between student and staff perceptions gave a U value of 13
(U at p < 0.05 is 20, and U at p < 0.01 is 13).

Students predicted a range of outcomes regarding “inter-
net issues affecting progress” (Fig. 4d), with a score of of 1
indicating little impact, and a score of 5 indicating a lot of
impact. The full range of responses (1–5) were submitted by
students pre-course, but the median value shifted towards lit-
tle impact, from scores of 2 (staff and students) pre-course to
3 (staff and students) post-course. The opinion on the value
of a printed workbook were generally positive (Fig. 4e, f, g).
A score of 1 indicated that it had not really helped, whereas
a score of 5 indicated that it had helped a lot. Student opin-
ion was broad as to the usefulness of a workbook in terms
of “finding a quiet space to work” in advance of the course
(Fig. 4e), with an IQR of 2.25–4 and a median score of 4,
whereas staff more consistently believed it would be useful
(IQR 4–5 and a median score of 4). Post-course, the median
scores all remained at 4 (students and staff), although with
an IQR spanning 1–5 (students) and 3–4 (staff). In terms of
a workbook allowing “students to reflect on their work away
from a screen” (Fig. 4f), both students and staff agreed that
this was true, with positively skewed and narrow IQRs across
pre- and post-course questionnaires and median pre-course
scores of 5 (students and staff) and post-course scores of 5
(students) and 4 (staff). Students believed that the workbook
would “provide a resource for future reference” (Fig. 4g)

(median scores of 5 pre- and post-course); staff scored this
statement with a median score of 4 pre- and post-course.

4.2 Qualitative statements

The questionnaire asked for free-text answers to two ques-
tions: one on the positive aspects of a virtual field course and
one on the negative aspects. At the end of each of the ques-
tionnaires, there was also free-text space for respondents to
add anything additional that they felt had not been covered
in the preceding statements. Seven staff members involved
in the course design and delivery provided free-text com-
ments before and after the field trip, as did 20 of the partici-
pating students pre-course and 14 post-course. The free-text
responses highlighted issues ranging from technical aspects
of virtual environments and field trips through to learning
outcomes and experiences. Many provided context and rea-
soning for their scoring responses to the preceding questions,
with free-text responses clearly being led, to some extent,
by the preceding quantitative questions. A total of 10 the-
matic codes were created after analysis of the free text (see
Table 1 and Sect. 3.2). These thematic codes naturally fell
into positive and negative categories, and we used this clas-
sification (see Table 2, in which the full set of coded data is
summarized). Figure 5 shows radar plots of the same data
to visually represent the pre- and post-course perceptions of
students and staff respectively (Fig. 5a, b) as well as compar-
ison of staff and student perceptions pre-course (Fig. 5c) and
post-course (Fig. 5d). The radar plots are “split” vertically,
with positive aspects on the right side and negative aspects
on the left side. We describe the results of each radar plot
in turn.

4.2.1 Pre- and post-course student perceptions

The radar plot of pre- and post-course student perceptions
(Fig. 5a) shows little change in student perceptions on the
aspects that they raised over the course. Most of the change
lies within the positive half of the plot, notably around pos-
itive aspects of online teaching and learning, with 71 % of
respondents mentioning this after the course in comparison
to 19 % pre-course. Phrases used by the students post-course
include aspects around the ability to ask questions and not be
affected by the weather – “Directly asking Q’s on sessions
easily” and “No rain!!” – and the ability to engage effectively
with staff – “Individual engagement with professors during
calls and being able to ask a lot of questions”. Negative as-
pects of online teaching and learning complement this with
a decrease from 63 % pre-course to 50 % post-course men-
tions, but there were still clear perceptions of having missed
an opportunity; for example, one student stated the follow-
ing:

– “Relationships between classmates and our teachers are
made on field trips, and there is nothing like it to drop
barriers and get people out of their comfort zone. These
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Figure 5. Radar plots of student and staff perceptions derived from free-text responses to questions: (a) student perceptions pre-course
(n= 20) and post-course (n= 14), (b) staff perceptions pre-course and post-course (n= 7), (c) comparison of student and staff perceptions
pre-course, and (d) comparison of student and staff perceptions post-course. The plots are split vertically with negative elements on the left
and positive on the right; the positive and negative equivalents are plotted opposite each other, except for two independent codes.

are the stories we take home with our degrees, and its
these memories we will cherish over any qualification
we achieve.”

There was also recognition that some aspects of an actual
field trip cannot be replicated:

– “Lack of the field experience, physical interaction with
rocks, and ability to interact and ask questions/discuss
things with examples to which you can point at”;

– “Not being able to look at the outcrop in person, look at
any features you perhaps cannot see in enough detail in
images”;

– “Nothing can replace actually seeing these outcrops in
person. Being able to touch the rocks and see the entire
setting of a location, being able to appreciate its beauty
in real light and feel the enormity of what was going on
with the geology from a first-hand perspective. Doing
geology this way is why I enjoy the subject so much.
I don’t get the same gratification from just analysing
data provided. Also there is no chance you might hap-
pen upon something new doing field work in this way.

Being able to contribute to the subject by finding some-
thing new for the first time must be really exciting...”.

Time management also shows a positive shift post-course,
from 25 % pre-course to 36 % post-course. Students enjoyed
the flexibility with respect to study time as well as the ability
to study at their own pace, stating the following:

– “Flexibility, can do the course work when it suits you”;

– “Tidy field notebook and the ability to move at your own
speed, as you may be rushed in the field”;

– “Learning at your own pace”;

– “You have a while to actually figure and process infor-
mation”.

However, this is balanced by negative mentions, which in-
crease from 19 % pre-course to 36 % post-course:

– “On the flip side, the fact that the virtual course was
spread out over a much longer period of time was
slightly annoying as well”;
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– “sometimes too much time to think about ideas, there-
fore causing confusion or overcomplicating things”.

Mentions of negative issues related to software/hardware and
Wi-Fi problems also increase from 25 % pre-course to 36 %
post-course:

– “Wi-Fi problems and the quality of image resolution
that will load on the programs”;

– “The course always required internet access to complete
the task”;

– “Some of the programmes could not run on my com-
puter, I did not have access to computers with higher
processing power”.

The students also recognized that their views were influenced
by the ongoing pandemic and the additional challenges this
raised:

– “I think that a lot of this, along with lockdown, is a psy-
chological challenge in the respect that the actual act of
going into the field; the build-up and pre-departure in-
formation, packing etc. all help to push the brain into
a place where it focuses on the task at hand and you
can immerse yourself within the geology fully. Being
at home doesn’t force yourself into that place, and it’s
difficult to try to get your brain into geology-mode as
it were. I’m sure all the staff are aware of this, but I
think, personally, it’s something that has become appar-
ent completing the first few virtual assignments.”;

– “We all had to do this during a global pandemic (staff
included), without our friends, isolated from our usual
coping mechanisms e.g. gym, uni routine, being in Ab-
erdeen, enjoying the great outdoors. So this is a particu-
larly challenging time for you as staff and us as students
to complete and set a virtual field trip.”.

4.2.2 Pre- and post-course staff perceptions

Figure 5b illustrates the changes in staff perceptions pre-and
post-course. Comments on the negative aspects of the virtual
field trip are dominant and increase slightly over the course,
from 71 % to 86 %, with the use of phrases such as the fol-
lowing:

– “Specific field techniques are not developed”;

– “Difficulty applying digital-learnt skills to real-world
scenarios when normal fieldwork practices recom-
mence”;

– “Some field skills cannot be replicated. The students are
shown the precise areas of the outcrop to look at rather
than having to search for field evidence themselves, and
broader skills such as map-reading are not developed.
Generally, the virtual environment is not as inspiring as

being out in the field for real (no matter how hard we
try!) and so may have been less enjoyable for students. I
know that I was greatly inspired by undergrad field trips
and so I think it’s a shame that these students couldn’t
experience that.”.

Concerns around inequality, inaccessibility, and exclusion
decrease from a pre-course percentage of 14 % to 0 % post-
course; this is mirrored by a similar decrease in positive com-
ments around accessibility, equality, and inclusion (57 % to
29 %) but included comments such as “Accessibility for all”.
Mentions of positive perceptions on the breadth of learning
outcomes and experience decrease slightly during the course
(from 57 % to 43 %) but included comments such as “Adds
versatility to standard field skills – i.e. implementation of
principles during challenging situations (digital). Also adds a
greater focus on digital skills that will become ever-more per-
tinent as geosciences embraces technological applications.”.
The number of comments on the benefits of virtual field trips
remained constant, focusing on aspects of cost, travel, and
variety of geology, including phrases such as the following:

– “independent of weather, distance between outcrops,
physical fitness of participants”;

– “no travelling costs”;

– “opportunity to revisit outcrops when a question comes
up at a later point in time”;

– “Access to many different field examples form [sic] dif-
ferent field areas showing clear geological features (i.e.
can pick and choose and are not restricted to the out-
crops within reach of accommodation).”;

– “Large-scale perspective that provides context before
zooming on details of field data.”.

Concerns of staff regarding time management appeared dur-
ing the course, rising from no negative comments pre-course
to 43 % post-course, which centred on the length of the
course – for example, “5 weeks is a long time to keep fo-
cused and, whilst I understand the reasoning for this, I think a
shorter time period may have been more beneficial in keeping
cohesion” and “Perhaps the 5 weeks was a bit long – 4 weeks
may have been better”. This is supported by a decrease in
positive comments regarding time management from the pre-
course analysis (43 %) to the post-course analysis (29 %).

4.2.3 Pre-course perceptions of students and staff

Figure 5c enables comparison of student and staff percep-
tions pre-course. The shape of the radar plots for the two
cohorts show a similarity in pre-course perceptions between
staff and students, with negative aspects of the virtual field
trip featuring most strongly for both cohorts: 88 % and 71 %
respectively. Students and staff appeared to have similar, al-
though relatively low, levels of concern regarding inequality,
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inaccessibility, and exclusion: 19 % for students and 14 %
for staff. Students were more concerned (63 %) than staff
(29 %) about the negative aspects of online teaching and
learning. Staff felt that there would be positive implications
for accessibility, equality, and inclusion (57 %), whereas stu-
dents barely mentioned this (13 %). Positive aspects regard-
ing breadth of learning outcomes and experiences (50 % for
students, 57 % for staff) and benefits of virtual field trips
(56 % for students, 43 % for staff) were similar. Concerns re-
garding time management were 0 % for staff and 19 % for
students.

4.2.4 Post-course perceptions of students and staff

Figure 5d enables comparison of student and staff percep-
tions post-course. The shape of the radar plots shows both
similarity and divergence. Negative aspects of the virtual
field trip feature strongly for both cohorts: 88 % students and
86 % staff. Students mention inequality, inaccessibility, and
exclusion (21 %), whereas staff do not. Students (50 %) and
staff (57 %) have post-course concerns around negative as-
pects of online teaching and learning. Perhaps surprisingly,
students commented on the positive aspects of the online
teaching and learning environment more (71 %) and were di-
vergent from staff (14 %). Staff were more positive (29 %)
regarding accessibility, equality, and inclusion than the stu-
dents (14 %). Breadth of learning outcomes and experience
were mentioned by 50 % of students and by 43 % of staff re-
spondents. Students (57 %) and staff (43 %) both recognized
benefits of the virtual field trip.

5 Discussion

The exercise of running the virtual field trip and eliciting per-
ceptions provided an opportunity to really consider the im-
pact of online course design and delivery choices on student
learning and experience. A caveat to our findings is that the
global pandemic created a very specific set of circumstances
for delivery and engagement of students, and the responses
will reflect the additional pressures of the time. Irrespective
of this, we feel our aim to use the opportunity to reflect on
online and virtual field teaching environments and practices
to inform future teaching strategies and pedagogy has value.
We discuss the findings of our research through the framing
of our research questions.

5.1 Did the participants and staff perceive that the
learning outcomes were achieved?

Before the course, staff held several sessions to discuss how
best to design and deliver the virtual field trip; these ses-
sions included both consideration of learning outcomes and
identification of areas or elements of online learning and vir-
tual field trips that might raise concerns in terms of deliv-
ery and learning. Despite not being in the field, staff felt in

advance of the virtual field trip that all of the main learn-
ing outcomes could be met, apart from observing rocks in
the field. Post-course, staff felt that the main learning out-
comes were met or exceeded, with medians of 3 or higher
for all learning outcomes apart from “seeing rocks in their
context in the field”. There was a recognition that the types
of skills and learning outcomes were different and broader
in scope than those that might have been learnt on an actual
field trip. This is reflected by positive perceptions around the
breadth of learning outcomes and experience, evidenced by
qualitative statements as well as high scores (medians of 4
and 5) in the Likert test for data analysis and synthesis. No-
tably, there was a statistically significant positive shift pre-
and post-course for staff with respect to the likeliness of the
learning outcome “interpreting field observations to build a
geological history”. Thus, although skills such as physically
taking strike and dip measurements in the field had not been
met, manipulating such measurements in an online Stere-
onet package, analysing larger datasets to build a geologi-
cal history, and digital literacy were, for example, much ex-
panded in comparison with an actual field trip. Other vir-
tual field trips have also reported improved digital literacy
as an outcome (e.g. Delacruz, 2019). Students had similar
(or more positive) perceptions compared to staff pre-course
about their ability to achieve the learning outcomes in ad-
vance of the course. Specifically, they were statistically more
positive than staff with respect to their ability to build and
maintain a field notebook and regarding field sketching pre-
course. The students remained positive post-course, with all
medians at 3 or above for the quantitative analysis of learn-
ing outcomes apart from for completing sedimentary logs
(median of 2 post-course). Students, like staff, also recog-
nized that they had more time to work on data, analysing and
synthesizing them to expand their understanding and learn-
ing, such as thinking about and creating cross sections that
worked with their maps to visualize a fully 3D subsurface
space. These types of skills in critical thinking and analysis
are developed through time and are transferable across dis-
ciplines; hence, in many ways, they are more desirable than
a specific ability to undertake a technique or measurement
which can be learnt at any stage.

5.2 Were effective measures put in place to support the
learning outcomes and delivery?

Staff identified concerns about the students’ ability to par-
ticipate fully in the online field trip in advance of the course.
These included internet connectivity; time and space to learn,
including work and caring responsibilities; and issues with
engagement and cohort cohesion. The results from online
internet tests that the students undertook in advance of the
course indicated that student internet speeds were poor rel-
ative to data for the whole of the UK and globally at the
time of the course. The mitigation measures put in place in-
cluded recording all sessions and providing a printed work-
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book for students to refer to alongside online course mate-
rial. The exercises were designed so that they could be com-
pleted through use of the workbook without the need to ac-
cess 3D virtual outcrop models; these added value to the ex-
ercises rather than being critical. The pre-course and post-
course perceptions of students and staff indicate that use of
the workbook to mitigate computing issues was at least par-
tially successful and enabled the completion of the exercises.
Rendering of large 3D virtual outcrop models caused a prob-
lem for some students, and we recognise that this mitiga-
tion strategy could have had negative implications with re-
spect to student inclusion and perceptions of inclusion. Is-
sues of accessibility and inclusion, most notably around mo-
bility, cost, and cultural issues, which are often thought to
be negated by virtual field trips (e.g. Bursztyn et al., 2015),
might in fact be replaced by other exclusionary barriers re-
lated to access to high internet speeds, hardware with pow-
erful processing, and the requirement for high-end graphics
cards, as recognized by Kelly et al. (2004), Laksana (2021),
Pearson and Reddy (2021), Devkota (2021), and Ochieng
and Gyasi (2021). For any of the questions posed, there was
the greatest difference between the perceptions of staff and
students, pre- and post-course, regarding the impact of car-
ing responsibilities on course engagement. The students felt
the impact was low in comparison to staff. Although we do
not know why this was, we can hypothesize that it may re-
flect staff concerns about both individual student situations
as well as their own.

5.2.1 Length of the virtual field trip

Students recognized the benefits, for themselves personally
as well as for the group, of running the course over a 5-week
time period. The length of time was difficult for some, as they
were concerned with changes to rules and regulations regard-
ing dynamic COVID-19 restrictions, evolving work commit-
ments, and the ability to travel to see relatives amongst other
things. We believe that this mainly reflects the uncertainty
regarding the period, rather than anything specific to the de-
livery. Time management was perhaps the most significant
issue that resulted from delivery over a 5-week period. For
students effectively in lockdown at home, there was a ten-
dency to spend a considerable amount of time, beyond that
advised, on the tasks and exercises. Students felt, in some
instances, that staff had underestimated the amount of time
they took for some of the exercises. These negative aspects
of time management, alongside the positive aspects of being
in control of when they chose to learn, are clearly reflected
in the questionnaire and statement responses. We believe that
the time spent by students, beyond that expected, resulted in
a greater breadth and depth of learning. The extended length
of time for delivery also allowed techniques and concepts
to embed and skills to develop, particularly critical analysis
and synthesis, as acknowledged in the post-course scores in
learning outcomes. However, this raises conflicting concerns

around time management, mental fatigue, and student wel-
fare when working from home, especially in a lockdown sce-
nario in which the world was all work with little opportunity
for “play”.

5.2.2 Recorded sessions

Evidence from the online learning environment and ver-
bal feedback from students indicated that they went back
and watched recorded sessions in their own time, includ-
ing “Q&A” sessions and formal introductions to the differ-
ent exercises, in order to go over material (repeating con-
tent) as well as to access elements that they had missed either
through clashes with other commitments or due to internet is-
sues. These positive aspects of the online virtual field trip and
learning environment were also reflected in answers to the
questions and the free-text responses. The advantages of be-
ing able to review recorded material have been evidenced by
others across a range of subject areas (Cascaval et al., 2008;
Manea et al., 2021).

5.2.3 Hard copy workbook

The workbook was identified by the students as a helpful ref-
erence for future learning, with a median of 5 pre- and post-
course, although staff perceptions of this were more spread,
with a median score of 4. The workbook was effective for
students in terms of allowing them to read and reflect off-
screen during the course, thereby mitigating internet connec-
tivity issues, as well as giving them the ability to manipulate
models etc. while reading instructions. This was particularly
important for students who were often working on relatively
small laptop screens.

5.3 Did the participants and staff perceive the
peer–peer and academic support to be effective?

Elements of student cohesion and teamwork that result from
an actual field trip, alongside peer–peer learning, are often
considered one of the benefits of face-to-face learning (Baker
and Woods, 2004) and the in-field experience. Staff were
concerned that these elements would not be replicated in a
virtual field trip. To mitigate or indeed to try and best repli-
cate these elements, students were divided into small groups
of five with a PhD student mentor and had drop-in sessions
each week to discuss their work and exercises. This helped
break down barriers between staff and students and encour-
aged students to share their work with their peers to discuss
issues. Some of these groups worked very well, others were
less effective. One group was amalgamated into the other
groups part way through the virtual field trip to increase ef-
fectiveness, and this dynamic ability to adapt based on stu-
dent feedback worked well.

Delivery of the virtual field trip benefitted from a rela-
tively small student cohort that had already worked together
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Table 2. Summary of qualitative text coding responses. The table shows the 10 codes and the frequency and percentage of coded occurrences;
these data are plotted in Fig. 5.

in the field and had spent 2.5 years at university ahead of
the COVID-19 restrictions. This meant that they were al-
ready effectively working well as a cohesive team in advance
of the field trip, with their own networks and social media
groups that helped with peer support. Students were encour-
aged to use the chat function in the online learning environ-
ment within their small groups and with the whole cohort;
however, use of the chat function in the virtual learning en-
vironment was limited outside of scheduled live Q&A ses-
sions. Nevertheless, these live sessions were run frequently
(minimum daily) throughout the virtual field trip, so extra
questions may not have been required.

There was some concern about how effective student sup-
port from staff would be in the online environment. Students
were positive in terms of many of the aspects of the on-
line teaching and learning environment, and the free-text re-
sponses indicate that students appreciated the large number
of staff and student sessions and the ratio of staff to students.
As Baker and Woods (2004) describe, this level of engage-
ment results in a feeling of immediacy. Actual field trips for
a student cohort of 22 may have two teaching staff and one
or two PhD student demonstrators, whereas there were three
or four lecturers available at any one time and five PhD stu-
dent demonstrators for the virtual field trip. It was felt, as
evidenced by the qualitative responses, by both staff and stu-
dents that the increased contact time was beneficial to help
identify and work through areas of misunderstanding. There
was also more opportunity for students who may not nor-
mally engage to ask questions of staff and PhD students.
This was also seen by a statistically significant shift in the
students’ responses pre- and post-course, with students rec-
ognizing the additional amount of individual student support
available from academic staff in comparison with an actual
field trip.

6 Conclusions and recommendations

The author team, consisting of students and staff involved
in the virtual field trip, feel that the virtual field trip was
successful overall with respect to achieving the learning out-
comes, based on student and staff perceptions. We acknowl-
edge the small number of student and staff participants and
recommend surveys with bigger cohorts to provide results
that can be statistically analysed. Here, we have considered
broader elements, including learning outcomes, peer and aca-
demic support, and student cohesion, thereby reflecting on
the running of a virtual field trip from student and staff per-
ceptions to inform future online learning and particularly vir-
tual field trips. Based on our findings, we recommend consid-
eration of the following elements in virtual field trip delivery:

– Hard copy workbook – the use of a hard copy work-
book delivered to students allowed them to have a tan-
gible overview of the field trip in advance, and it pro-
vided an easy-to-use set of reference material that en-
abled students to work off-screen and to evaluate mul-
tiple sources of material – online and hard copy – dur-
ing a single exercise. It also allowed those with internet
connectivity or hardware issues to participate in the vir-
tual field trip and complete exercises solely on paper,
although no students were in this position.

– Session recording – we recorded all formal sessions,
as well as informal Q&As. The students used these to
refresh their understanding of the material as well as
to catch up on missed sessions. The only sessions not
consistently recorded were small student group sessions
with PhD students, as our aim was to make these as in-
formal, relaxed, and open as possible. Students were
positive about the opportunities available through the
recording of online teaching to catch up on and revise
material in their own time.
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– Recognition of challenges – although we did not use
the data on internet connectivity beyond identifying stu-
dents who might have issues. We believe it was reassur-
ing for students to know that we had considered possible
barriers to participation in terms of factors such as in-
ternet connectivity, space to work effectively, and other
commitments. This helped to build trust and a shared
understanding, so that when issues did arise students
felt more able to raise them. The students, in compar-
ison to staff, did not feel that caring responsibilities af-
fected their ability to engage in the virtual field trip, but
we recognize that this is a cohort-specific issue.

– Multiple interaction opportunities – providing multiple
interaction opportunities with both academic staff and
PhD students throughout the field trip was important. It
is also important to recognize that students will likely
also have their own social networks and to build on
these.

– Breadth of learning outcomes – our main conclusion
is that virtual field trips offer an additional method
of training and in many ways complement actual field
trips. They can provide opportunities for greater and dif-
ferent interactions with staff that are not possible when
those same staff are also dealing with the logistics of an
actual field trip. They provide opportunities for greater
synthesis of data and the development of critical analyt-
ical skills over multiple geological field areas that are
hard to replicate on an actual field trip.

The radar plots reflect the nuances of positive and nega-
tive aspects of virtual field trips. We note that both pre- and
post-course negative aspects of the virtual field trip dominate
comments with respect to both students and staff. However,
we note that these are countered by positive comments on
aspects of virtual field trips and online teaching and learn-
ing, perhaps most notably by those regarding the breadth of
learning outcomes and experience. We can learn from this by
drawing on these findings to inform future design and deliv-
ery of virtual field trips in a blended learning environment to
expand and develop their positive aspects.
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