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Abstract—Site visits are a key pedagogical tool within natural science and
geographical education. Site visits provide an interactive experience to enable
learning through the exposure to a real-world spatio-temporal environment.
COVID-19 restrictions required the development of a virtual site visit for a land-
scape ecology course in North America. In this study, a series of digital tools
were coordinated to deliver site visit information focusing on multi-sensory,
multi-scalar, and multi-media information based on Kolb’s experiential learn-
ing model, particularly Step 1, the concrete experience. This research explored
student’s perceptions and opinions of the digital tools provided to complete
their ecological restoration management assignment and their effectiveness and
usability. 4th year natural resource and environmental science students (n=52)
reported predominately positive attitudes towards the use of the virtual site visit.
Though students did not prefer the virtual site visit over a physical site visit, they
noted that the virtual site visit digital tools did provide the same information as a
site visit and that they felt they were able to understand all aspects of the physical
site through the virtual site visit tools provided, particularly through the digi-
tal photographs and the 360-degree virtual reality imagery. Successful student
assignments illustrated experiential learning outcomes were met.

Keywords—uvirtual site visit, experiential learning, student preferences,
technology enhanced learning, pedagogical approach

1 Introduction

1.1 Site visits

A site visit (SV) is an interactive experience important within many natural science
and civil engineering curriculum [1, 2] where students are physically transferred to a
real-world outdoor environment. The learning objectives of a site visit require the stu-
dent to comprehend the state of the site or landscape [3] and integrate the knowledge
delivered within the classroom [4]. In the context of this paper, landscape is the term
used to indicate the intersection of geography and ecology within the natural sciences.
Natural sciences, thus, often reflect the concept of landscape and its physical, spatial,
and cultural characteristics [5] and, specific to earth sciences, considers it as a dynamic
system with spatial structure formed by natural and cultural elements [6].
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Site visits have traditionally been an integral component of educational curriculum
in many earth science domains. Site visits provide opportunities for students to
have experience with the dynamic and complex environment, to explore, document,
and analyze specific components of the landscape, and to communicate with fel-
low students and instructors in-situ the current state of the landscape. Challenges
exist when implementing physical site visits as a teaching method. In addition to
the social-gathering limits imposed through transmissible disease, there are safety,
access, weather, and site hazards which may impose limitations to a site visit. The
instructor has no control over environmental distractions such as inclement weather
and noise. Sites may not be located within reasonable distances to universities [7]. Site
visit expenses are often passed on to students, thus impacting student resource equity.
Additionally, students with little or no prior experience in the field may have difficulty
making detailed observations and taking meaningful notes about the site, thus missing
the main learning concepts [8, 9]. These are among the many issues creating barriers to
site visit learning experiences and their curriculum incorporation.

A virtual site visit (VSV) provides students the ability to not physically be present
at a location or place while being able to explore and learn from an internet-connected
device. VSVs are present in many natural science and geography curricula and sup-
ported by rapidly developing technology to deliver the important skills and achieve the
student learning objectives [10, 11, 12, 4]. However, it is unclear which specific tools
and delivery methods are best suited to student learning and whether a “virtual’ site visit
can replicate the experiential, in-depth learning of a ‘real’ site visit.

This study illustrates a VSV approach which facilitates learning though the construc-
tivist pedagogical elements of experiential learning [14] specific to site visit learning.
It is hypothesized that by actively engaging students in a multi-scalar, multi-media,
and multi-sensory VSV, student levels of satisfaction and perception of the VSV as
an effective learning tool are similar to those of a SV. The aim of this study thus is to
collect and examine student opinions and experiences with digital technological tools
used to enable a virtual site visit for a landscape ecology course.

This paper is structured as follows. First, a brief overview of learning frameworks
including technology and their applications to site visits is followed by a literature
review of virtual site visits as a pedagogical tool. David Kolb’s experiential learning
model is outlined and applied to the VSV. The methods for this study’s VSV delivery
are presented followed by the questionnaire format as the means to analyze student
opinions. The results are tabulated followed by their discussion. Reflection on pedagog-
ical implications and future areas of study are included in the conclusion.

1.2 Site visits and student learning frameworks

Common learning objectives for site visits include the visualization of theoretical
concepts, the understanding of site dynamics, and the awareness of contextual rela-
tionships [15]. The spatio-temporal component of a site visit is directly associated
with the environmental information [16] such as site location, landscape conditions,
trends of change with respect to ecosystems. This provides students with real-time,
first-hand exposure to observe, collect, record, perceive, evaluate, interpret, reflect
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and communicate the complexities and characteristics of the site [17]. This learning
through the experience of being in the physical site is key to knowledge acquisition and
reinforces class-based learning [8, 18, 19].

The concept of active-learning [20] requires student engagement within experiences
often separate from traditional lecture teaching formats and include fieldwork, site vis-
its, community engagement, and other pedagogical approaches where students are the
primary actors [21, 20]. Site visits include active learning, which incorporates a range
of constructivist and experiential elements that engage students in the learning process.
Constructivism [22] is the primary framework for contemporary learning [23]. Kolb’s
Experiential Learning Theory (ELT) [13] places experience as the key element in learn-
ing and acquiring knowledge [24]. Students are able to actively or passively process
their experiences to increase knowledge through that experience itself [25]. Experien-
tial learning is epistemologically structured through John Dewey’s notion of continuity
of experience and interaction [26].

Experience based learning is a cyclical learning model with 4 stages required by
student to engage in: concrete learning, reflective observation, abstract conceptualiza-
tion, and active experimentation [27, 28]. See Figure 1. A fifth stage, reflective per-
sonal observation, occurs when the learner reflects on the cycle as a personal growth
experience. This cycle allows re-application through the steps with the new knowledge
generated.

STEP 1 STEP 2
CONCRETE REFLECTION
EXPERIENCE :> (making use of and
(being open to, investigating experience,
aware of, and valuing use of feelings/intuition,
experience) Sensing and ideas and options)
Feeling

ﬁ Watching/Reflecting
Doing/Behaving @

ACTIVE CONCEPTUALISATION

EXPERIMENTATION <: (analysing and creating
(prepaning for action meaning from the

and trying things out) experience)

Thinking

STEP 4 STEP 3

Fig. 1. Kolb’s 4 stage experiential learning model

In the natural sciences, and specific to site visits, the learning cycle is iterative and
often begins with the actual experience of a physical site visit and interaction (Step 1),
thereby allowing observation and reflection to occur (Step 2). Site visit information
is synthesized into abstract concepts of site interactions (e.g. site processes, impacts,
change, etc.) and meaning (Step 3). This then leads to potential actions (e.g. restoration,
management, etc.) and ideation (Step 4). Lastly, the new information and experiences
renews the learning cycle [29].
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Of course there are many more learning styles than those presented but Kolb’s foun-
dational concepts allow for important aspects within the process of learning. Learning
flexibility and adaption is an important concept to both the delivery and method of
information dissemination and uptake [30]. Learning is also impacted by interpersonal
beliefs and cultural background [31]. Furthermore, the cross-cultural capacity for con-
struction and co-construction of knowledge is increased [32] within the learning cycle.

Scientific research has shown that contextual awareness of any problem plays an
important role in the learning process [33]. However, learning is not simply about
doing the action outdoors. On a site visit, information and sources of knowledge are
more often related to seeing, hearing, and experiencing than to reading [34]. Learning
through visiting sites provides students with spatio-temporal awareness through unique
opportunities for observing a real context [35]. Field-based learning assists students in
better understanding core concepts [36] and raises learning avidity [37, 38]. A site vis-
it’s learning experience involves a direct, explicit encounter with the landscape, often
within complex and dynamic physical contexts, but there is an assumption that such a
direct experience is required to produce positive knowledge acquisition and meaningful
learning [39].

1.3 Site visits and technology

A significant amount of research has been conducted surrounding technology and
learning. Studies have shown the use of Information and Communication Technol-
ogy (ICT) or digital tools within classrooms increase the development and delivery of
knowledge for university students [40, 41, 42]. ICT tools include digital or electronic
devices such as computers, tablets, drones, virtual reality tools, the internet, video
conferencing, software, and other audio-visual multimedia. Current students are
often technologically competent in digital consumption and digital learning skills
[44]. Students less-proficient in English language skills noted improved learning
within technology-based courses taught in English, including language pronunciation
and comprehension [45]. Students appreciate digital technology’s ambient learning
(i.e. flexibility and differing learning approaches) to meet their needs [46, 47, 48].

Digital-based site visits as a learning opportunity bases much of its pedagogy on
principles of technology-enhanced learning (TEL) [49]. TEL incorporates ICTs in inno-
vative and transformative means, particularly for the natural science and environmental
study disciplines where TEL can impact the learning experience through new social and
cultural learning contexts and the convergence of practical and theoretical perspectives
[50]. TEL tools have previously been shown to be useful in higher education to help
natural science and environmental studies students achieve levels of academic success
such as higher grades [51, 52]. TEL has its challenges. Group collaboration, social con-
texts, and team dynamism can be difficult [53]. Research is unclear if digital tools can
provide similar experiential learning outcomes such as sustaining student engagement
and [54].
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1.4 The virtual site visit

The site visit is a multi-sensory environment which enables learning through obser-
vation, reflection, exploration, participation, and engagement [15]. The use of digi-
tal tools and technology is a rapidly expanding component of gathering site specific
information remotely [43] as well as delivery of curriculum. A virtual site visit (VSV)
provides students the ability to not physically be present at a location or place while
being able to explore and learn from an internet-connected device. Particularly with the
COVID-19 pandemic preventing many students from leaving their homes or attending
group classes, the need for an effective, interactive virtual site visit becomes critical to
meeting learning objectives within geology, landscape ecology, civil engineering, and
other natural sciences. The VSV framework offers instructors a new tool for working
with students where engagement with the landscape is a critical learning outcome.

Stainfield et al. [4] adeptly summarized the benefits of a VSV. First, curriculum
modification, like most other virtual classes, is more flexible and can occur at any time.
Secondly, the type of data is more diverse than traditional site visits — varied informa-
tion such as websites, videos, imagery and other types of digital data is easily added
and modified. Class sizes are not limited to physical constraints such as transportation
capacity, opening hours, and social-gathering limits. Furthermore, a VSV is less reliant
on in-person visitation requirements which could be adversely affected by weather,
accessibility, and site hazards. Lastly, a VSV is less impactful to sensitive areas required
for observation and analysis and increases overall student safety. For example, sites
once deemed ‘off-limits’ for various reasons may now be considered. Other benefits
of a VSV include reducing emissions and transportation costs and minimizing student
out-of-pocket expenses. Disabled or impaired students are not limited to physical site
visit requirements. VSVs provide student and instructor flexibility and diverse learning
approaches to meet their individual needs [48]. Other VSV benefits include time effi-
ciency, reduced paperwork, and reduced supervision issues [55]. Importantly, students
are able to complete their assignments more effectively at their own pace and in their
own experiential contexts [54].

However, VSVs require substantial preparation and production and the hardware
and software required may be cost prohibitive. Additionally, VSVs can be digital device
memory consumptive and wi-fi signal dependent. Another new learning platform
required by students and staff is also a shortcoming. Futhermore, the lack of physical
exposure to the site and landscape processes may result in a lack of real-world problem
solving and in-depth analysis of site-specific contextual issues. For example, Jacobsen
et al. [13] reported that although VSV’s provided limited observational opportunities,
they do allow for longer and more in-depth field sample enquiry. Repeated physical site
visits present multiple environmental conditions. Nevertheless, benefits are notable,
allowing for increased access within a safe and controlled (i.e. virtual) environment.

The concept of site-based learning opportunities through digital environments is not
new [4, 12]. Experiential learning is a core principle within digitally delivered cur-
riculum and teaching [56], sometimes referred to as electronic experiential learning
(EEL) or digital experiential learning (DEL). Many TEL tools exist for interactive
learning within site visit contexts. They include photographs, sound recordings, videos,
virtual environments, augmented reality, and 3-D modeling among others in a rapidly
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expanding technology sector. Available tools which provide information to various
aspects of a VSV include PanoraMap thru Google Images, VRGIS, LandSerf, and oth-
ers. Beyond static data, interactive media such as virtual reality (VR) headsets, immer-
sive virtual environments, augmented reality, and synchronized audio-video mapping
facilitates a unique learning opportunity. Additionally, 360-degree VR images create an
immersive experience when viewed from a computer screen (i.e. no headset required)
similar to the continuum of Google street-view images. Since 2016, immersive vir-
tual reality (iVR), now referred to just as VR, entered the mainstream though headsets
though the primary application was for virtual tours such as in museums, natural parks,
and real estate.

Web-based VSVs have been widely used within geology education. For example,
researchers at Arizona State University designed and developed VSVs with embedded
diagrams, hi-res images, and URLs to with 360° imagery of sites [ 12]. Geology instruc-
tors at Duke University in 1992 created 18 computerized field trips by integrating sat-
ellite images and topographic maps with 3D rock samples and placed on CD-ROMs
for student use [57]. Shi et al. reported in a comparative study of VR and in-situ site
visits that the VR was reliable in creating similar cognitive responses [87]. In a recent
United States study, a virtual reality platform was used to conduct an overseas site visit,
thus reducing the associated costs and environmental impacts typically associated with
a physical visit, providing a less environmentally harmful approach to allow student
learning while minimizing carbon emissions [59]. The UN’s Sustainability Develop-
ment Goals and universities world-wide continue to advocate for environmental sus-
tainability and it is anticipated that VSVs will increase in the future.

The use of VSVs has increased mostly due to technological innovations [10], and
studies have reported positive learning outcomes within geoscience courses [12, 58].
Jacobson, Militello and Baveye [43] reported the development of a series of VSVs
to sites worldwide in order to present students with complicated real-world situations
and to apply critical analysis skills. In another study, students in an introductory geo-
sciences course were divided into two groups with one attending a physical site visit
and second group utilizing a VSV and VR. The virtual students reported increased
enjoyment, learning experience and actual lab grades [11]. Alternatively, Makransky
et al. [60] reported that the use of VR may not be positively correlated with learners’
performance, likely the result of the extra cognitive load required by the VR system.
Similarly, lack of ‘realism’ [61, 62] and that a VSV will not produce a meaningful emo-
tional connection [63] has been a common critique of virtual site visits.

Beyond simply looking at static photos, digital technologies offer the ability to view
the site more holistically and thoroughly. Virtual site visits which use diverse technol-
ogies allow for a more in-depth understanding of site dynamics, providing a means
to see the varied scales of landscape forms and processes and the interrelationships
among landscape elements. A VSV should also create an emotional engagement to the
student, similar to a physical site visit [64]. This requires data found within various
spatially-explicit levels of geographies [65] and their different landscape typologies
[66] and multi-dimensional information (e.g. biophysical, socio-cultural, eco-spatial)
[67, 68], reflecting a student’s interaction with the physical site.
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1.5  The virtual site visit and the experiential learning model

The VSV accommodates diverse learning styles or modes of learning and can have
direct pedagogical benefits [69]. Specifically, all four stages of the Experiential Learn-
ing Model [27] still occur. See Figure 2. In Step 1, ‘concrete experience’ in the truest
sense of an in-situ site visit is replaced by the VSV, but the VSV is still a learning expe-
rience and perception, even digitally, activates this step of the learning cycle. Here, the
student receives a stimulus through TEL tools which acts as the concrete experience
—the VSV and its varied digital media and tools — for which information is processed
and thus begin the Experiential Learning Model (ELM).

In Step 2, the student reflects upon that VSV experience by formulating an observa-
tion or processing the information and analysing the landscape’s qualities to reach Step 3
where a conclusion or summary about the landscape can be made. This step’s abstract
conceptualization synthesizes and contextualizes the VSV experience within each stu-
dent’s unique information assimilation process. Lastly, Step 4 expands reflection-based
thought to engage in exploration and action such as developing management strategies
or ecosystem restoration approaches. Overall, the Experiential Learning Model and its
4 Steps illustrate the transformation of experience into applied knowledge.

STEP 1 STEP 2
Enact with VSV media. Analysis and integrated
Familiarise with the CONCRETE REFLECTION thought begins.
components and context EXPERIENCE (making use of and Revisit and confirm/
of the landscape. (being open to, investigating experience, deny via VSV media
aware of, and valuing - use of feelings/intuition, .
) g and ideas and options) components, qualities
Feeling and relationships

Synthesise goals.
Develop management
strategies or
approaches within

i)

Doing/Behaving

Vi
EXPERIMENTATION
(preparing for action

&

Warching/Reflecting

4

CONCEPTUALISATION
(analysing and creating
meaning from the

of landscape.

Contextual refinement.
Summarisation of
ideas and concepts
of landscape.

and trying things out) experience)

the landscape. Thinking

STEP 4 STEP 3

Fig. 2. Kolb’s 4 stage experiential learning model within the virtual site visit

Experience, as per ELM, occurs primarily within Stepl, apprehension, and Step 2,
comprehension, though all four stages combine to facilitate an integrated, construc-
tivist learning outcome [29]. Apprehension-comprehension involves the perception of
experience, while intension-extension, found within the last two Steps, involves the
transformation of the experience. One without the other is not an effective means for
acquiring knowledge [29]. Synergistic learning transactions between the person and
the landscape still occur with the VSV in the ELM cycle where students are able to
co-develop their own situated knowledges about the site [70, 25]. Students are able
experience tangible learning experiences, both observational and participatory [54]
within the VSV [71, 72]. Repeating this Model’s cycle, or creating new ‘concrete
experiences’ at Step 1, develops new knowledge and pathways to critical and interdisci-
plinary thought, for example, in engineering problem solving or resource management.
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Site visits, ELM’s Step 1, the concrete experience, or an interaction with the world,
provides a learner with a reference point through physical stimuli, textures, feelings,
meanings, and emotional impulses [26] in which to complete the remaining steps and
is the foundation for this paper’s VSV framework and study. Additionally, the VSV
allows Step 2’s reflection and comprehension to occur without the need for a physical
site visit. The student can conduct analysis and integrated thought, important compo-
nents of ELM’s Step 2 and Step 3, by revisiting the site through the VSV data at any
time, creating a new ‘concrete experience’ in which to facilitate learning [29]. Further-
more, in-situ environmental distractions or safety concerns are alleviated with the VSV,
thereby promoting reflective observation and conceptual meaning development critical
to this pedagogical framework.

Many tools or vehicles exist to facilitate experiential learning within site visit con-
texts. New technologies have enabled virtual experiential learning to succeed in the
limitations of in-situ site visits primarily though ICTs which actively engage and stim-
ulate the senses [63, 73]. Virtual site visits have been shown to be an effective inter-
active learning tool [54]. The experiential qualities of a VSV allow students to re-visit
the data with new conceptual learning thus increasing observational skills and focus of
assignment requirements [74]. VSVs can be an alternative or complement to field activ-
ities [75] and allow for more efficient time spent on-site allowing for a more focused
analysis [4].

However, questions remain as to what are the best procedures and technological
tools to engage students in virtual site visit learning within the earth sciences. Whether
a ‘virtual’ site visit can replicate the experiential, in-depth learning of a ‘real’ site visit
is not well understood; nor is their effectiveness and usefulness towards student’s learn-
ing across disciplines. For instance, civil engineering and construction courses have
used VSVs to assess construction management [76] and teaching construction technol-
ogy [77]. In the geosciences, virtual field trips using VR technologies have shown to
increase student engagement [78] and understanding [79]. Furthermore, studies have
not adequately assessed student perceptions, opinions, or behaviors of VSV tools [63].

The purpose of this research is to analyze natural science student’s behaviors, per-
ceptions and opinions in the use of various digital tools applied within a VSV in an
undergraduate landscape ecology course assignment. This research seeks to better
understand its efficacy, usability and generate constructive knowledge in the use of
digital technologies within VSVs, including potential obstructions to the initial steps
of experiential learning, methods of pedagogical development and delivery, and site
comprehension in the site visit context.

2 Methodology

The objective of this study is to explore through descriptive research student
responses and reactions to the use of a virtual site visit in an undergraduate landscape
ecology course. Students included those from the natural science disciplines including
geology, landscape ecology, natural resources, landscape architecture, plant science,
and environmental science. Students were traditional 4th year within a Canadian Uni-
versity-based institution. In this study, the VSV was required to complete the class
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where an actual site visit could not be completed per COVID-19 restrictions and safety
concerns. Students had completed physical site visits in prior courses and had lectures
to prepare them for the assignment and context.

For this study, the site analysis assignment required students to individually inven-
tory and document the many landscape elements of the site including biophysical, geo-
graphical, and cultural aspects through a site analysis map and a written report. The
site used was a large forest and field tract next to a 40-acre decommissioned military
base and airfield in Nova Scotia, Canada. The assignment required the completion of
a landscape management plan or ecological restoration program. This assessed student
learning outcomes of abiotic and biotic component identification and documentation,
cultural and natural influences within ecological pattern assessment and interaction,
landscape process and disturbances, and mediation recommendations which meet
appropriate ecological goals and objectives.

The VSV for this assignment was constructed and delivered by synthesizing litera-
ture surrounding Kolb’s ELM with available digital tools and technology focusing on
Step 1 of the ELT model — ‘Concrete Experience’. The aim was that the VSV should
replicate to the best degree possible an actual, physical visit to the site thereby encom-
passing multi-dimensional exploratory and educational learning opportunities.

2.1 Multi-scalar, multi-media, and multi-sensory site documentation

The comprehensive documentation of the site included purposeful organization
through three distinct yet interrelated approaches to capturing experiential site informa-
tion and characteristics to present a ‘concrete experience’: multi-scalar, multi-media,
and multi-sensory. Multi-scalar data includes site imagery and data of different scales:
macro- and micro-scale such as satellite orthophotos, forest tracts, and site-specific
photos of surface soil texture, insects, and leaf buds. Multi-media data incorporates dif-
ferent delivery mechanisms such as photographs, video, audio, VR capture, sketches,
reports and maps, physical samples, and notes collected during multiple site visits by
the instructor. Multi-sensory refers to the five human senses: sight, sound, smell, taste,
and touch.

The first objective was to document the numerous landscape features, elements and
characteristics through multi-scalar and multi-media data collection. This required a
physical site visit by the instructor. Multiple videos and audio recordings were created.
360-degree VR images were captured with a GoPro Fusion camera mounted on a tripod.
Real-time VR movement was not captured such as for use with WondaVR or Unity 3-D
— only multiple static 360-degree images. Sketches, drawings, and field sample imagery
were provided. The instructor also gathered comprehensive data from various sources
including remote-sensed information such as ortho photographs, google earth, google
street view, and others such as reports and maps. Overall, the data collected included a
diverse set of static and interactive media within each approach.

The second objective was to deliver this VSV information in an effective format to
meet student learning objectives which support the ELM. The virtual site visit’s data
and media was delivered through an interactive web-based application, Prezi (www.
prezi.com), considered most intuitive to navigate and coordinate course content, but
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many web-based applications exist (e.g. Camtasia, Powtoon, Canva) and all function
as a cloud-based repository for digital data and information. This interface allowed
for the singular depository and delivery of a comprehensive online learning tool. See
Figure A1 — Appendix) and included an interactive, geo-referenced map to access the
VSV information. See Figure A2 — Appendix.

The following paragraphs describe the data collection and virtual coordination
process in detail and is accompanied by a series of Figures. These Figures are rep-
resentative of only one area, Area #6, an intermittent wetland and grassland, as an
example of the interactive media and multi-sensory data collected and delivered. See
Figure A3 — Appendix. or the visual data was straightforward and included a plethora
of imagery including static photographs, videos and VR scenes as discussed prior. See
Figures A4 and AS — Appendix.

The instructor purposefully documented diverse locations as well as temporal differ-
ences (e.g. morning, afternoon, evening) where possible. Sound or the auditory data was
captured also focusing on diversity (e.g. edge of road, middle of wetland) and temporal-
ity. See Figure A6 — Appendix. Geo-referencing and text notes were provided to clarify
sound signatures. Smell or odorant data was a unique site element, research is not clear
on effective strategies for describing the characteristics of smell without scent-enabling
digital media or odor generators [80, 81]. The instructor documented descriptive words
and adjectives within a word cloud format noting the descriptors from a variety of
sources such as research articles, Wikipedia pages, google search responses, instructor
notes, and others. For example, the smell of a small wetland within the site produced
diverse odor descriptors such as organic, peaty, stinky, wet, fresh, mucky, sour and
others. No scale or level of odor strength was provided for each descriptor unless this
odor was distinctly noticeable (e.g. sulphur within a coastal tidal marsh). Additionally,
pollutants and other unique odor emissions were noted and geo-referenced such as air
drift from industry. Taste data was likewise difficult to capture and a similar descriptive
methodology to smell was utilized. Touch or tactile data required a similar approach to
documentation as smell and taste.

The author was responsible for determining the locations and those site characteris-
tics to include in the documentation, purposefully choosing a diversity of overall land-
scape locations and unique or noteworthy environments. See Figure A3 — Appendix.
For example, not every forest tract was documented in a thorough manner, as their char-
acteristics were similar throughout the site; but where disease or forestry management
practices were noticeable, or the edge conditions were unique, these were documented.
For the wetland areas, three diverse wetland types were chosen and multiple scaled
images and varied perspectives (e.g. ground level, eye level, long perspective, short
perspective, overhead) and images of physical samples (e.g. soil, plants, insects) were
provided. To be clear, the purpose of the VSV in this study was not to visualize data or
to graphically represent information; rather, it was to utilize technology to comprehen-
sively capture and deliver the physical qualities and characteristics of an actual site visit
to the best degree possible to assist students in their assignment. This was completed by
the author, considered an expert in the discipline.

The course was taught in two separate semesters with two unique sets of students,
n=25 and n=27, respectively, for a total number of 52 respondents, 22 female, 30 male.
Students worked alone to develop a 24" x 36" digital site analysis map and a 1500-word
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report. Traditional scientific data collection and field verification was not part of this
study’s assignment.

The questionnaire was provided to students once the site analysis assignment was
completed and grades received. The questionnaire had an introductory page outlin-
ing the goals of the VSV within the class and the approach to provide the VSV data
for the assignment. The survey generated quantitative and qualitative data and was
operationalized through SurveyMonkey with 8 questions for which 7 were discrete
multiple-choice Likert-scale gradients and one required a qualitative written response.
The questionnaire did not analyze the effectiveness of the VSV in terms of learning
outcomes or student grade success but was focused on assessing experiential learning
constructs of efficacy, usability, and practicality based upon experiential learning prin-
ciples. Specifically, how well did the VSV serve as a foundation or deliver the ‘concrete
experience’ of ELM’s Step 1 and the student’s perception in applying the VSV knowl-
edge within ELMs remaining steps.

Questions 1-4 assessed student’s agreement with statements and a 5-scale Likert
response of /-Strongly Disagree, 2-Disagree, 3-Neither Disagree nor Agree, 4-Agree,
5-Strongly Agree. Questions 5—6 asked for them to identify their most and least help-
ful VSV tool. Question 7 asked for their overall satisfaction level with the VSV and
Question 8 was a write-in for any comments. The questionnaire was anonymous and
did not ask for any demographic information such as gender, nationality, or age and had
no time limit.

Table 1. Student questionnaire

Question # Question

1 Please rate your level of agreement to the following statement: I was able to understand all
aspects of the physical site through the use of the VSV tools.

2 Please rate your level of agreement to the following statement: Completing the site
analysis and report assignment through the VSV and without a physical site visit enabled
me to complete the assignment to a high level.

3 Please rate your level of agreement to the following statement: I prefer to engage in a
virtual site visit (e.g. video, VR, pictures, audio, movies, etc.) rather than a physical site
visit.

4 Please rate your level of agreement to the following statement: The VSV, as a whole,
including the diverse tools, information and media, provided the same sort of information
as visiting a real site.

5 Select the VSV tool which most helped you understand the site without being physically
there.

6 Select the VSV tool which least helped you understand the site without being physically
there.

7 Overall, rate your satisfaction level to the use of the VSV within this course to provide you

with the tools and knowledge to succeed in the site analysis and report assignment.

8 If there any other comments you would like to add about the Virtual Site Visit website
and information used in this course, please write them here. This survey is completely
anonymous and we will never know who submitted answers. Thank you for your feedback.
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3 Results

All students completed their assignment with acceptable grades — there were not fail
marks given. There was a total of 52 questionnaire responses (n=52, 100% response
rate). Figures 3—6 and Table 2 present results of each question.

Strongly Agree 4
Agree 4
2 ‘[
S Neutral {= --mmeee-- -- -
@
i
= Disagree -
) ‘
Strongly Disagree -

Ql Q2 Q3 Q4
Understood all VSV Prefer VSV VSV provided
aspects of assignment  over physical  same info to
physical site  completed at SV physical SV

with VSV a high-level

Fig. 3. Box-plot results for questions 1-4
Table 2 shows the minimum and maximum responses and the upper & lower quar-
tiles within the boxes. The question response median is shown by a thin solid line within

the boxes. The thick dotted line represents the median response of ‘Neutral’ to these
questions. There were no upper or lower outliers.

50.00%
37.50%
25.00%

12.50%

Student Response

0.00% — - - — - -
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Fig. 4. Results for question 5
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Fig. 5. Results for question 6

Student Response
(%]
[«
X

Very Dissatistied Neither satisfied ~ Satisfied Very satistied
dissatisfied nor dissatisfied

Fig. 6. Results for question 7

Table 2. Results for question 8

Write-in Response

Overall pretty good alternative! Can be a great resource to refer to on top of a physical site visit. Alone,
it seems to lack some of the nuances of a real site visit. VR example in Italy was impressive though! That
was very close to being there in person.

Under the impact of COVID 19 the virtual site visit is a helpful and safe way to help us have a better
understanding of the site. I like the videos most!

It maybe would be better if had a bird’s-eye view.

As a virtual site visit it is useful, especially during an epidemic or when you can’t visit in person.

The virtual reality aspect is more all around, I find sometimes with videos and photos it is hard to link it
all together and parts can seem not connected. Having a more immersive experience helps understand the
site, the connectivity, and overall understanding.

4 Discussion

The questionnaire results provided an overview of student’s perceptions and opin-
ions on the digital tools provided to complete the assignment and their effectiveness
and usability. Though students did not prefer the use of VSV over a physical SV, they
noted that the VSV digital tools did provide the same information as a SV and that
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they felt they were able to understand all aspects of the physical site through the VSV
tools provided. These results, coupled with the student’s assignment completion, point
to ELM’s Step 1, experience, and Step 2, comprehension, as an outcome of the VSV
delivery. This finding is similar to the use of digital media and VR in a geosciences
course where students yielded high rankings for learning experience [2].

The results also indicated trends in student perceptions about specific VSV digital
tools as a learning experience. The site pictures and VR images were most ‘helpful’ in
‘understanding the site’ with one response noting “The virtual reality aspect is more
all-around, 1 find sometimes with videos and photos it is hard to link it all together
and parts can seem not connected. Having a more immersive experience helps under-
stand the site, the connectivity, and overall understanding.”. The term ‘immersive’ is
often applied to VR contexts and, more specifically, those interactive VR environments
such as simulations where an active-user experience is provided (e.g. look and move
around). This study did not provide that specific type of ‘immersive’ data, however it
is encouraging that students perceived the multi-scalar, multi-media, and multi-sensory
site information provided as inclusive of that quality.

Students noted they did not feel they completed their assignment at a ‘high-level’
with the VSV digital tools provided, potentially indicating ineffective learning out-
comes found within ELT’s Step 3 and Step 4. These two Steps synthesized the prior
Steps 1 and 2 into applied knowledge. Though other variables exist within these Steps
of the ELM, it is important to consider such student perceptions. This result is dissimi-
lar to a prior study where VR in a geosciences course yielded higher perceived learning
outcomes when compared to the group which completed an actual site visit [2].

Notable results for the write-in comments included the mention of “safe way to
help...better understanding of the site” and that the VSC is considered a “good alter-
native”, “useful” and “helpful”. One respondent noted that the “virtual reality aspect
if more all-around” which assisted in their “overall understanding” of the site. Over-
whelmingly, the write in responses were positive towards the application and use of the
VSV tools provided. Lastly, while the result of question 7 pointed to positive responses
levels of satisfaction, they do not show overwhelmingly strong positive responses or
opinions. There are many potential reasons for this and the research findings must be
interpreted as such.

5 Conclusion

5.1  Virtual site visits and the experiential learning model’s framework

Results showed that the VSV as a pedagogical tool enables experiential and active
learning. As a learning experience, the VSVs theoretical construct and comprehensive
digital media activated the learning process through similar constructs as an in-situ
site visit. Perception of the site, whether in-situ or through the diverse VSV tools
outlined herein, occurred through that VSV experience. Though the context of site
visits is spatio-temporal, the VSV indicated it does not detract from the acquisition
of site knowledge and dynamics. Student learning outcomes, within the context of the
whole class and required assignment (i.e. site analysis map and report), indicated site
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knowledge was assimilated and that transformation of experience into applied knowl-
edge occurred. Though students did not prefer to engage in the VSV more than the option
of a concrete or in-situ experience of a physical site visit, abstract learning, observation,
reflection, and conceptualization — important components of Kolb’s ELM’s Step 1 and
Step 2 — occurred as evidenced by the successfully completed student assignments. As
noted prior, the assignment required the completion of a landscape management plan
and ecological restoration approach to the degraded site and incorporated the synthesis
of diverse information, most of which was delivered through the VSV. The successful
student assignment submissions also indicated the entire cycle of the ELM was com-
pleted by the students as shown in Figure 2.

Specifically, the VSV first required students to engage or enact with the VSV media
in order to familiarize themselves with the components and context of the site and land-
scape. This is considered the ‘concrete experience’ of Step 1. Step 2’s ‘reflection’ or the
initial stages of site analysis was enabled by students being able to re-visit the site via
the VSV, if needed, in order to assess various qualities and relationships of the site (e.g.
where is best place for wetland ecological restoration). This integrated thought is only
capable through the VSV’s ‘experience’. Next, contextual site ideation, development,
and refinement occurs in Step 3, where continued meaning from the VSV experience is
synthesized (e.g. what impact will a particular wetland ecological restoration strategy
have on other landscape management goals or landscape typologies of the site). Lastly,
Step 4’s experimentation is actualized through revisiting any of the prior steps, such as
engaging in the VSV digital tools, in order to coalesce overall ideas (e.g. best overall
management plan). Step 4 required relational insight and can only be achieved through
experiential learning’s prior steps. Overall, the VSV, like the SV, offered synergistic
pathways to effective problem solving and knowledge development.

5.2 Pedagogical implications for natural science and experiential learning

The VSV has traditionally been an integral component of natural science educa-
tional curriculum but has applications within other earth sciences and disciplines which
require site visits and/or field trips such as urban planning, construction technology,
engineering, and geology to name just a few where a site visit or field trip is an import-
ant component of experiential learning.

There are strengths and limitations to both approaches as applied to Kolb’s
ELM. As noted, SVs offer a tangible, physical experience and direct contact with
multi-dimensional environmental phenomena through direct observation. VSVs allow
for more in-depth multi-scalar analyses and a repeated experience which improves
inter-relational context development in addition to learning flexibility and safety to the
students. Importantly, using both site visit methodologies simultaneously within the
class may offer further insight into pedagogical approaches to meet student learning
objectives [13], perhaps increasing the learning efficacy of ELM’s Steps 1 and 2.

Students indicated they preferred an actual SV compared to the VSV and felt they
could not complete the assignments to a high level with the VSV. Though the term
‘high-level” was empirically ambiguous, these results may have indicated a level of
unfamiliarity and apprehension to the digital tools within the VSV. Future curriculum
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applications can include a hybrid approach to the site visit where both VSV data and a
physical site visit is provided, allowing students to re-visit the site remotely at any time
throughout the class [55]. Interestingly, the VSV can be experienced before the physical
site visit, thus improving the efficiency of the students in the field and allowing focus
on specific areas of concern or clarification of data [4], important components of the
ELM and Steps 2 and 3.

Developing a measure for pre- and post-VSV would document improvement of
learning objective outcomes. Additionally, using the ELM’s Steps as a specific learning
objective and measure could prove beneficial to pedagogical implementation of VSVs.
A more robust exploration of this topic and methodology should be considered, partic-
ularly if an understanding of the efficacy of the VSV in improving learning objectives
and experiential learning can be gauged effectively. This research provides but one
approach to improving virtual experiential learning for which disciplinary and interdis-
ciplinary learning frameworks can be applied.

Questionnaire formats that ask for perceptions of learning outcome feedback should
offer an open-ended response to provide insight on their answers and improve the VSV
method’s efficacy to meet learning objectives. For example, question 2 asked if the stu-
dent thought that not physically visiting the actual site and using the VSV helped them
complete the assignment to a high level. Knowing what particular aspects of the VSV
correlated directly to a high- or low-grade would be interesting to know. For example,
what Step or Steps within the ELM could be improved. Perhaps more ‘active experi-
mentation’ within Step 4 is better served by a physical SV.

5.3  Questionnaire limitations

The student sample in this study was not large (n=52) however it did span two sep-
arate classes, supporting questionnaire reliability and consistency in its scoring. The
results did not assess student satisfaction nor predict or correlate relationships to learn-
ing outcomes and success (i.e. criterion-related validity) but simply generalized a set of
student preferences and attitudes towards utilizing a comprehensive set of new digital
tools. A few questions were predisposed toward positive statements (Questions 1, 2, 4)
potentially resulting in unintended response influence or context effect [82] the focus
would not be on the content of the question but the positive context of the question
format [83].

The instructor, to the best ability, comprehensively documented the site. Though the
instructor gathered data for specific ‘areas of concern’ and prime learning areas, there
were likely other areas of data gathering undocumented. As such, there will always be
areas which a student may wish to explore in further detail but is unable to without an
additional physical site visit by the instructor. Self-reported aspects of student learn-
ing, experience, and satisfaction is not an accurate way to measure student outcomes.
Though student outcome or improvement was not a direct outcome or measurement
within this study, disadvantages exist with self-reporting such as dishonesty, careless-
ness, and other misleading effects [84]. The questionnaire did not request clarification
or justification of student responses such as why they didn’t like the audio data and
suggestions for improvement.
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5.4 Future directions

As shown, the use and application of VSVs are encouraging to meeting both student
usability and learning outcome goals within natural sciences curriculum and others.
There are many improvements that can be applied to the use of VSV in future uses.
Both an in-situ site visit and the ability to reference the VSV materials remotely allow
for different learning styles and to assimilate knowledge in meaningful learning out-
comes (e.g. grades, quality of assignments.) However, it is not the only tool for learning
about a site, the landscape, and its dynamic qualities and any instructor should develop
course materials accordingly. Additionally, the VSV could be utilized in traditional cur-
riculum where an actual site visit is provided “fo introduce students to various aspects
and develop some of the basic skills needed and to prepare students for going into the
field or as follow up exercises after a real field trip.” [85, p. 24].

Future questionnaires should be developed to achieve a larger sample size with mod-
ifications based on findings from this questionnaire, academic community discussion,
and other resources to assess student use and perceived value of the VSV. For example,
what specific learning objectives are supported by the VSV and what are those factors
influencing that relationship? What type of comprehension is best enabled by the VSV?
Other student behaviors such as frequency of use and length of visit are also important
to understand as is a comparative analysis between in-situ and virtual methods.

Additional empirical research is needed to measure efficacy of the VSV, particularly
as how it can improve student learning outcomes [86]. A refined application including
a more specific set of questions could more clearly begin to establish relationships
between the VSV use and variables such as grades, preferences, and learning outcomes.

TEL and virtual learning methods will only become more common in academia.
Transmissible disease and personal safety concerns for physical site visits may require
such virtual pedagogical frameworks. ICT such as those present in this study’s VSV
are found in the current practice of many professional and governmental offices and
applied within public engagement. Alternative course delivery methods will continue,
and, developing a familiarity with interactive ICT such as the VSV and immersive VR
may increase student comfortability in unexpected situations, provide accessible and
inclusive accommodation, and augment an instructor’s teaching repertoire.

The various technologies and tools applied to the VSV must also consider the data
collection, not just the data presentation such as photos, VR and others. For example,
SV climatological and other experiential qualities may impact learning outcomes as
would the VSVs video image quality. VR tools can include ‘move-thru’ data, a visu-
alization which is different from simple 360-degree views and potentially increasing
student engagement. Drone technology is economically viable and should be employed
where possible at multiple heights and perspectives, even allowing students to con-
trol and analyze independently. As technology advances rapidly, modes for ‘complete’
engagement of a site visit may include 3-D modeling, adding virtual humans (VH) and
augmented reality (AR), as well as aspects of building information modeling (BIM)
within infrastructure and projective analyses.

A physical site visit’s visceral experience may never be replicated virtually nor be an
outright replacement, however this study’s multi-scalar, multi-media, and multi-sensory
site documentation and delivery through VSV digital tools indicates levels of success
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in meeting both student usability and learning objectives. The use and application of
VSVs in meeting experiential learning outcomes is encouraging. Ultimately, the com-
munication and knowledge sharing between instructor and student will remain para-
mount, yet such digitally interactive frameworks to enable experiential learning are not
disadvantageous.
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9 Appendix
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Fig. Al. The first page of the interactive web site showing the organization of the assignment
and site visit information
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MULTI-SENSORY

1. ACADIAN REMNANT FOREST

2.SMALL WETLAND IN FLOODPLAIN
3.CENTER OF RUNWAYS

4. FOREST

5.MASSTOWN ROAD ENTRY

6. WETLAND AND INTERMITTENT GRASSLANDS
7.RECREATIN TRAIL

8.FOREST NEAR INDUSTRIAL CENTER

Fig. A2. Eight diverse locations were chosen to provide comprehensive site documentation.
The instructor was responsible for determining the locations and those site characteristics to
include, purposefully choosing a diversity of overall landscape character locations and unique

or noteworthy environments

6. INTERMITTEN T WETLAND AND GRASSLAND

Fig. A3. Organization of experiential site analysis data for one area of the larger site
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6. INTERMITTEN TWETLAND AND GRASSLAND

VISUAL DATA 1

PICTURES

Fig. A4. Visual data, page 1 of 2. Each photo is clickable and interactive to allow for the full
screen view and/or download

6. INTERMITTEN TWETLAND AND GRASSLAND

VISUAL DATA 2

VR M- 360 VIEW

sl (e

VIEW VIEW|§:

MPEGS

SKETCHES & NOTES

Common Name Scientific Name
Duck Potato Saginaria laiifolia
Green Bulrush — Scirpus atrovirens

Blue Flag lIris dris versicolor

Cup Plant Silphium perfoliatiom
SHff Goldenrod Solidago rigida
Swamp Milkweed  Asclepias incaraata
Sandbar Willow Salix exigua

Fig. AS. Visual data, page 2 of 2. Each item is clickable and interactive to allow for the full
screen view and/or download
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6.INTERMITTEN T WETLAND AND GRASSLAND

AUDITORY DATA

WAV FILES

Fig. A6. Sound data

10  Author

Richard leBrasseur, PhD is an Assistant Professor in the Department of Plant, Food
and Environmental Sciences at Dalhousie University in Nova Scotia, Canada. He is
Director of the interdisciplinary Green Infrastructure Performance Lab (www.gipl.
land). (email: r.lebrasseur@dal.ca)

Article submitted 2022-04-26. Resubmitted 2022-06-13. Final acceptance 2022-06-13. Final version
published as submitted by the authors.

140 http://www.i-jet.org


http://www.gipl.land
http://www.gipl.land
mailto:r.lebrasseur@dal.ca

