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Abstract: In response to the COVID-19 pandemic and resultant cancellation of geoscience fieldwork,
as well as outstanding accessibility issues inherent in conducting fieldwork, we developed a virtual
geological fieldtrip (VFT) to the Huronian age deposits in the Whitefish Falls area, Ontario, Canada.
This region is a geologically significant site in which many Ontario universities conduct undergraduate teaching due to the high-quality exposures. In this contribution we describe and comment on
the development of this openly available resource, the motivations in doing so, the challenges faced,
its pedagogical impact and relevance, as well as provide suggestions to others in the development
of such resources. Our multimedia VFT combines 360° imagery, georeferenced data on integrated
maps, and multi-scale imagery (aerial/drone, outcrop, and thin section images). The VFT was built
using the Esri Storymaps platform, and thus offers us the opportunity to review the effectiveness of
building such resources using this medium, as well as our approach to doing so. We conclude that
the Esri Storymaps platform provides a sound medium for the dissemination of multimedia VFTs,
but that some aspects of in-person fieldwork remain hard to replicate. Most notably, ‘hands on experience’ and specific activities such as geological mapping. In addition, while VFTs alleviate some
accessibility barriers to geoscience fieldwork, substantial barriers remain that should remain the
focus of both pedagogical and geoscience work.
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1. Introduction: Project rational, aims and motivations
Field trips and fieldwork have long been part of both the graduate and undergraduate curriculum in the Earth and environmental sciences [1,2]. Indeed, such experiences are
seen as an important training ground where crucial geoscientific skills and information
are disseminated [3]. This may, in part, reflect the fact that for many geoscience researchers, including the authors of this paper [4–6], fieldwork represents the means by which a
large proportion of their primary data is acquired. The effectiveness of field teaching as a
pedagogical tool has been shown to be substantial in the literature [7–10]. For example,
Elkins & Elkins [11] conducted a study demonstrating that student participation in an
intensive 9-week field-based course produced a statistically significant improvement in
geoscience concept knowledge. The effectiveness of field-based education has been shown
across many regions [8,12], and its value to student development is clear. In addition, undergraduate field work is usually considered to be one of the highlights of a geoscience
curriculum [13].
At McMaster University, as with many other universities [13] with an undergraduate-level geoscience program, a large proportion of undergraduate field teaching occurs
during dedicated field courses, for example the level-3 “Field Camp”, as well as other
courses in lower undergraduate levels. However, due to the COVID-19 pandemic, this
course, and other undergraduate field-based courses, were cancelled in 2020, and it was
unclear when an in-person delivery would be possible. Field Camp is a core course in the
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Earth and Environmental Sciences program at McMaster University, but is also taken by
many students from other programs such as those in the Integrated Science (iSci) program,
and is also required for professional registration as a geoscientist in the province of Ontario (P.Geo). The cancellation of Field Camp thus presented a substantial challenge to the
delivery of a ‘complete’ undergraduate program, that would equip students with the
skills and qualifications for their future endeavours.
In addition to the COVID-19 cancellation of fieldwork, the issue of accessibility and
inclusivity in fieldwork has been pertinent since well before the pandemic [14–17]. As
with many fields, accessibility and inclusivity in the geosciences represents an ongoing
challenge [18–22]. Indeed, geoscience fieldwork has been described as having a “culture
of exclusion” [23]. In addition, particular groups may experience safety concerns during
field-related activities and travel [24]. This is particularly pertinent when it relates to fieldwork where many barriers may exist that prevent a student from fully participating in the
educational experience, with implications beyond their university education including
limitations of career opportunities [19]. Such barriers include, but are by no means limited
to, physical and mental health issues [14,25], financial costs, and time commitments, as
demonstrated through interviews with students from underrepresented groups [26].
As educators, it is therefore our duty to maximise accessibility and strive to remove
these barriers. VFTs provide a means to facilitate participation of marginalised students,
that may have otherwise been excluded from fieldwork (such as Field Camp), to undertake a comparable experience. The reason for this is because VFTs do not exclude participation of students with social, cultural, physical and/or mental health issues. In addition,
VFTs have a substantially lower participation cost, in our case $0 for students. For example, a regular iteration of Field Camp costs approximately $700 per person, plus expenses
for food, equipment, and lost earnings from other employment. A realistic estimate of the
full cost of participation in Field Camp at McMaster University is likely > $1,000. The financial burden of fieldwork has been recognised as a substantial barrier to participation
[27]. Whilst we are not suggesting that our VFT will represent a full replacement for Field
Camp, it may be able to reduce the time and financial costs, and thus make progress towards alleviating some of the above issues. Indeed, the COVID-19 pandemic has been
claimed by previous workers to represent an opportunity to address outstanding geoscience fieldwork accessibility challenges associated with geoscience fieldwork [28]. The concept of a VFT is not a new one however, and well before the COVID-19 pandemic VFTs
for specific educational and outreach purposes were made available (e.g., petroleum geology [29]).
To address the educational requirement gap created by both the COVID-19 situation
and ongoing accessibility challenges, our team created a VFT to Whitefish Falls, Ontario
to replicate a physical Field Camp. The final VFT can be found here on the Esri Storymaps
platform: https://storymaps.arcgis.com/stories/9cac859fac964837bc662492287ae8f0
The aims of creating our VFT were as follows:
1) To provide a field experience when a physical trip is not possible (e.g. the
COVID-19 situation), and also for future students who may not be able to undertake fieldwork due to accessibility barriers;
2) To supplement future physical trips by providing background context to increase
effectiveness of the physical trip.
The intended use of our VFT is to facilitate students to progress through the VFT
independently, be exposed to the same rock formations, and thus engage in a comparable
educational journey they would have experienced in the field. The concept of VFTs is not
a recent development, and in fact they have been used as a pedagogical tool for several
decades [30]. In addition, the use of digital technology in the field has been an ongoing
area of development for some time [31,32]. Nonetheless, the COVID-19 situation brought
VFTs to a more widespread and mainstream educational standpoint. This is reflected in
both the scientific and geoscience education literature where an influx of recent works is
apparent [1,2,33–36]. In addition, organisations such as the National Association of
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Geoscience Teachers (NAGT) have built spaces for the compilation of “remote field experiences” emphasising the growing importance of this topic [37].
In this contribution we describe the development of our openly available VFT resource to the Whitefish Falls area of Ontario, Canada, the motivations in doing so, the
challenges faced, its pedagogical impact and relevance, as well as provide suggestions to
others in the development of such resources. The information in this commentary is intended to supplement the VFT.
2. Development of the Whitefish Falls VFT
2.1. Logistical considerations
During a typical in-person iteration of Field Camp, 30-40 students spend ~7 days at
Whitefish Falls, Ontario, where they learn to make geological observations, and acquire
data and map their results. Here, they apply and build upon the skills and knowledge
gained in the classroom by applying them in a practical setting. Geoscience is a practical,
hands-on discipline, with a focus on making real-world observations [8,12]. Remote learning therefore presents challenges to the delivery of a high-quality geoscience education.
Specifically, students can experience difficulties in comprehending geoscience concepts
through remote or virtual learning, and instructors can experience difficulties in designing activities that achieve the desired learning outcomes. As such, creating adequate and
inclusive resources is challenging. Prior to the creation of our VFT there were no open
resources for the intended study area to deliver this content. This was particularly pertinent and relevant as many Ontario-based universities also use the Whitefish Falls location
for teaching.
One of the first challenges in building our VFT was obtaining support and funding
for the project. This support was crucial to the success of the project as fieldwork is a costly
activity and the expenses associated with the development of pedagogical materials do
not align neatly with many traditional funding avenues, which are often largely geared
towards research activities. Our project found support within the open access movement
(see “Acknowledgements” and “Funding” for more details). Also of note here is the fact
that conducting fieldwork following COVID-19 protocols was found to be more expensive
as participants (A.P. and J.G.) were prohibited from sharing transport and accommodation. Based on our experiences, our suggestion to future VFT developers is to seek funding
from outside of traditional research channels such as research councils. This is not to say
that these avenues do not offer funding opportunities for VFT development, but the authors of this work found more success in obtaining funding through the organisations
noted in the Funding section of this manuscript.
2.2. Data types, materials, and resources
Once project funding and support were obtained, the next challenge was to conduct
fieldwork to obtain the resources to develop the VFT (e.g., data, photos, observations etc).
The following section describes the integration of multiple media types into our VFT and
the reasons for doing so. In addition to the limitations placed on undergraduate teaching
due to the COVID-19 pandemic, restrictions were also placed on other university travel
activities due to both internal and external policies that included fieldwork. Although it
was eventually possible for the project team to conduct fieldwork, this aspect highlighted
the importance of having materials available for construction of the VFT before they are
needed. Amongst our colleagues, data and materials previously collected from the mapping area greatly facilitated VFT development prior to fieldwork permissions being
granted. As such, we were able to begin VFT development before fieldwork began and
offer an encouraging note for geoscience researchers and educators who may not realize
how much content they already have through their colleagues.
In the field, the following data types were obtained and eventually integrated into
the VFT: 1) Digital photos, 2) digital 360° images, 3) structural orientation data, 4) other
field-based observations, and 5) rock sample acquisition. These data were amalgamated
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alongside data already held by the authors and colleagues that included: 1) further digital
photographs, 2) regional geoscientific knowledge, 3) aerial photography and digital elevation data (DEM) from a previous drone survey of part of the area. Upon return from
the field, the above materials and data were supplemented by thin section preparation
followed by microphotograph acquisition.
In designing our VFTs, and specifically considering the media types it would contain,
we drew heavily on aspects highlighted in previous work as contributing to successful
implementation of VFTs. One such aspect was the use of 360° and 3D materials [38,39]. As
such, we include abundant 360° imagery in our VFT. The importance of 3D visualization
and penetrative thinking skills in the literature is noted [40]. The incorporation of observations at multiple scales is another important aspect highlighted in previous work [41].
Indeed, a multi-scale approach is a central aspect in some previous VFTs [41] and some
work focuses on the development of virtual microscope environments [42]. In fact, multiscale observations are potentially more possible in VFTs than regular in-person fieldwork
because it allows the students to focus on pertinent details without being overwhelmed
by the larger scale processes, geometries and other aspects. This may represent one of the
few areas in which VFTs truly exceed regular in-person fieldwork. However, we are
aware of some geoscience educators that combine their field teaching with other activities
that facilitate a more multiscale approach so the latter statement may not be universally
true. To enable multi-scale observations in our VFT we sought to include regional scale
observations (km scale), as well as outcrop scale (m scale), hand specimen (cm scale), and
thin section scale (<mm scale) observations. The purpose of this was to allow students to
consider how geologic processes at different scales affect and link to one another.
2.3. Choice of dissemination medium
A range of dissemination media have been utilised to deliver VFTs and other remote
educational experiences including, but in no means limited to: webpage based; Google
Earth [1,43]; and Esri StoryMaps [38]. In addition, some workers are actively developing
their own platforms for this purpose, including “synthetic virtual worlds” [44] and other
game-like virtual environments [45–47]. Each of these platforms comes with its own pros
and cons and some media are likely more suitable for certain VFTs than others.
We carefully considered the applicability of each of these platforms but ultimately
chose the Esri StoryMaps platform due to its ability to easily integrate maps containing
geographical data into a web-based format. The applicability of Esri StoryMaps to this
purpose has been documented in the literature where it was found to be an “effective
teaching tool in science education”[38]. The ArcGIS online tools have been shown in previous work to be useful for the development of VFTs [48], and the StoryMaps aspect in
particular has been found to be “user-friendly, interactive, and engaging” [49]. Strachan
and Mitchell (2014) [49] do note a number of barriers to the implementation of Esri StoryMaps as a medium for educational resources, such as access to adequate technological
resources. In addition, the creation of anything more than basic maps on the platform
involves integration with more advanced aspects of geographical information systems
(GIS). Nonetheless, Cope et al. (2018) [38] found that participants were positive about the
ESRI StoryMaps as a teaching tool.
3. Discussion: The future of in-person and virtual fieldwork
3.1. The necessity of fieldwork in an increasingly virtual world
For several years an ongoing discussion around the necessity of fieldwork in the
modern-day geoscience curriculum has been continuing amongst the geoscientific education community [10,50,51], and the old adage that “the best geologist is the one who has
seen the most rocks” is often widely quoted when discussing this topic [52]. The COVID19 pandemic, and resultant cancellation of fieldwork, has highlighted the importance of
this discussion that pre-dated the COVID-19 pandemic. Indeed, the educational value of
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these experiences has been questioned more than ever during the pandemic. The debate
centres around whether fieldwork still provides a worthwhile educational experience, despite the accessibility and inclusivity challenges?
The value of Earth and Environmental science fieldwork has been repeatedly well
documented in the literature. For example, a study presented at the Geological Society of
America (GSA) annual meetings in 2010 and 2011 found that 89.5% of respondents (n =
172) indicated that fieldwork should be an integral and required part of undergraduate
education [10]. In a separate study on the effectiveness of 3D outcrop models, it was found
that only 2% of participants felt that virtual outcrops could potentially replace in-field
teaching, although many positive aspects were noted [39]. From these works, it is clear
that in-person geological fieldwork is perceived as a necessity in the undergraduate curriculum.
Through our development of the Whitefish Falls VFT it has become even more apparent that aspects of in-person fieldwork are near-impossible to fully replicate virtually
with current technology. Specifically, the hands-on aspects of fieldwork cannot be easily
replicated virtually, and we need to both recognise and address this aspect in future developments. However, this raises the question of whether such ‘hands-on’ aspects truly
reflect a learning outcome of a fieldtrip or serve more as a “rite of passage” [53].
One such aspect of field trips that is hard to replicate virtually is geological mapping.
In our VFT we addressed this aspect by showing how such maps are constructed using
different layers of GIS-based information. However, we recognise that this in no way is
the same experience that students would obtain on an in-person fieldtrip. This challenge
has been previously noted with specific efforts made to mimic geological mapping in the
virtual environment. For example, through exploration of virtual environments created in
the computer game Minecraft some of the 3D elements of geological mapping may be
possible [45].
Another aspect of VFTs that currently does not fully replicate in-person fieldwork is
in testing the ability of students to make decisions. Instead, most VFTs (including our
own) guide students through the experience in a linear manner that is unlike real geological fieldwork where observations at one site are likely to guide a geologist to their next
location. We suggest that future VFTs try to build a more decisions-based environment
rather than the linear progression of trips such as the one we developed. However, at least
one study has shown that the lack of direction in fully open-ended virtual experiences
made students uncomfortable in their answers, often checking with the instructor to see
if what they were doing was correct [9]. These authors suggest a certain level of structure
in the VFT to increase student confidence in completing the assigned tasks.
Overall, based on our experiences both in developing this VFT and as educators generally, it is clear that we must continue to undertake in-person Earth and environmental
science fieldwork, but that VFTs may represent an avenue to address some of the challenges of fieldwork, particularly regarding accessibility and inclusivity. Additionally, as
has been noted in previous work, fieldwork must continue to evolve to meet the changing
educational goals, workforce needs, and actual learning outcomes of students [10]. Virtual
outcrop models may begin to facilitate virtual mapping in the future [39] but, despite the
best efforts of the geoscience education community, there is currently no way to fully replicate the experiences gained through geoscience fieldwork. One possible advantage of
the use of VFTs over in-person fieldwork is the ability to integrate a wider range of observational scales into VFTs. Specifically, thin sections of key lithologies could be integrated
alongside regional-scale data and observations. Additionally, aerial drone photography
and videos can provide a bird’s eye view of the site, which may reveal structures and
contacts that are difficult to distinguish on the ground. This may extend VFT into territory
that traditional in-person fieldwork cannot achieve, but this is a relatively minor consolation given the overall limitation of currently available VFTs.
One major use of VFTs may be found through augmenting in-person trips and/or
preparing students for their experiences on actual in-person trips. In addition, open access
VFTs allow more wide-ranging field experiences (including beyond national boundaries)
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that may not be otherwise available. VFTs may also provide value by opening the world
of field geoscience to younger students and members of the public to explore.
3.2. Future directions
Based on their experiences building a hybrid field-based course during COVID-19,
Rotzien et al. [13] felt that they were unable to confidently predict how geoscience fieldwork will evolve over the next 5-10 years, and instead offered a number of scenarios. We
concur with their findings, largely due to the high number and complexity of variables at
play and find their proposed scenarios plausible. Nonetheless, we do feel that, as with all
disciplines, the increased use of technology as an educational tool in geoscience is inevitable, and this will likely mean an increase in the delivery of material virtually. This increase in the abundance, and also sophistication of digital materials, will likely include
further use of immersive technologies [54,55]. In addition, we note that guidelines for creation of VFTs are beginning to be developed, with a particular focus on learning outcomes
[37], which should be integral to future VFTs. Given the above discussion regarding the
aspects of in-person fieldwork that cannot be fully replicated virtually, we highlight the
need for Earth and environmental science instructors to maintain a field-based component
in their curriculum but be more cognitive of accessibility and inclusivity issues. With careful consideration and adaptation in-person fieldwork can be inclusive. In addition, perceptions of virtual fieldwork versus in-person fieldwork should be investigated further,
with specific focus on whether the same learning outcomes can be achieved. With regards
to the future development of our own VFTs, we intend to continue the improvement of
this through the inclusion of the latest advances in the topic, and further digital media, at
this location and other geoscientifically significant sites.
Concluding remarks
In this commentary we have described our experiences planning and building a VFT
to the Whitefish Falls area of Ontario, Canada. In sharing these experiences, we hope to
facilitate a constructive discussion among the Earth and environmental science education
community leading to an increase in the availability and quality of virtual field resources.
Each field location presents unique educational opportunities and challenges. At the
Whitefish Falls field location that formed the focus of this work, abundant, quality exposure of the rocks facilitated the creation of the digital resources outlined herein. Other
potential sites for VFT development may not benefit from such quality exposures which
could present an additional challenge in developing materials.
We conclude that while VFTs alleviate some accessibility and inclusivity barriers to
geoscience fieldwork, substantial obstacles remain, as it is exceedingly challenging to replicate all aspects of fieldwork virtually. We offer the following as concluding remarks on
this topic:
• We found that Esri StoryMaps is a good platform for the development of
VFTs for several reasons but most notably for its ability to integrate geospatial data on maps into text-based dialogue.
• Throughout work constructing our VFT we found that integration of multimedia into VFTs is a worthwhile approach, particularly as this facilitates
multi-scale observations, which is one of the few areas in which virtual fieldwork can be seen to potentially excel beyond traditional in-person fieldwork.
• A notable, and reoccurring theme encountered during the development of
our VFT is that some aspects of in-person fieldwork remain hard to replicate,
for example geological mapping and decision based-learning.
Supplementary Materials: The VFT described in this commentary is openly available here:
https://storymaps.arcgis.com/stories/9cac859fac964837bc662492287ae8f0
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