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Abstract

Over the past three decades, virtual tours have been used in many contexts. In educational settings,
virtual tours have been used to replace on-site field trips, which can be difficult to execute due to a
variety of logistical concerns. While virtual tours are widely used, there is limited research pertaining to
their use in food and agricultural industry locations. To address this gap and gather student input, this
research explored students’ perspectives of virtual tours in an agricultural educational context.
Specifically, this study sought to explore learners’ perceptions of a virtual tour to learn about the cotton
ginning process. Guided by the Technology Acceptance Model (TAM), the research employed a
convergent parallel mixed methods design. Student scores were collected quantitatively on four TAM
constructs, while qualitative insights from focus group discussions were collected to elucidate the
quantitative data. Results indicated positive student perceptions of IVTs as learning tools but emphasized
their inability to fully replace traditional field trips. Participants found it easy to navigate the virtual tour
and appreciated the variety of content types — videos, photos, and text. They suggested additional
agricultural contexts where virtual tours would be informative. These findings contribute valuable
insights for researchers exploring IVT usage in agricultural education and provide guidance for virtual
tour creators, informed by student feedback. Additional research should collect insights from instructors
regarding the use of these educational tours in their courses.

Introduction

Field trips are a common way for educators to provide students of all ages with hands-on,
interactive learning experiences. As an experiential learning opportunity, field trips take students to
locations and give them experiences that typically cannot be replicated in a classroom setting (Behrendt &
Franklin, 2014). Experiential learning is “authentic, first-hand, sensory-based learning” (Behrendt &
Franklin, 2014, p. 237). This type of learning can help participants increase their knowledge, develop skills,
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and clarify personal values (Association for Experiential Education, 2023). Field trips have been used in a
variety of disciplines in both K-12 and higher education settings, such as language and writing (Rugaiyah,
2022; Alcantara, 2016), tourism (Arcodia et al., 2021), sociology (Wright, 2000), agricultural
communications (Partyka et al., 2019), and science, technology, engineering, and math subjects (STEM)
(Knapp, 2000; Lei, 2010).

In a STEM context, instructors said field trips were a good supplement to teaching in a classroom
or laboratory and recognized field trips as a way to reinforce the material taught in traditional learning
environments (Lei, 2010). Students said field trips “make learning more enjoyable and interesting” and also
appreciated the opportunity for “learning through active participation (hands-on experience)” that field trips
often provide (Lei, 2010, p. 44).

While these trips are valuable learning opportunities, they can be difficult to execute due to the
physical location as well as financial, safety, and other logistical concerns (Cassady et al., 2008; Han, 2020).
To overcome these challenges, virtual tours—along with electronic, online, and virtual field trip options—
can be used as an alternative. These types of field trips and tours seek to simulate the traditional field trip
experience through a variety of interactive features (Hosticka et al., 2002). An interactive virtual tour (IVT)
combines various multimedia content types with cutting edge 3-D spatial technology. They also often
include curriculum and other supplemental materials to encourage the integration of these tours in
educational settings (Mead et al., 2019).

Although prior literature regarding IVT use is limited, virtual tours have been used in food and
agricultural science education contexts (Herritsch et al., 2013; Karcher & Reid, 2018). In an undergraduate
chemical engineering course, a group of students explored an IVT of a milk powder plant (Herritsch et al.,
2013). To assess the usefulness of the IVT, students in the course were split into two groups: those who
toured the IVT and those who received the information presented in the IVT in a written document. After a
week of studying their respective materials, both groups of students were administered the same test.
Students who received the IVT scored better on the test and spent less time studying than the other group
of students. While students said the IVT could not completely replace the social (e.g., fun factor, hanging
out with friends) and real-world (e.g., smell, noise, dust) aspects of a traditional field trip, they
acknowledged the IVT was a good substitute if the site was not able to be visited in person. In a dairy
management course, Karcher and Reid (2018) assessed undergraduate students’ perceptions of using virtual
farm tours in the classroom. Students were able to explore three dairy farms through virtual tours. After
each tour, students completed a questionnaire to evaluate their perceptions of the experience. Near the end
of the semester, they went on an on-site tour of a dairy and completed a similar questionnaire. They found
students viewed virtual farm tours as a beneficial addition to their learning experience and student scores
on the virtual farm tour and live farm tour evaluation assignments were similar (Karcher & Reid,
2018). With the increasing availability and application of virtual tour technology in educational settings,
further research is needed to investigate students' perspectives on this innovative teaching approach.

Theoretical Framework

The Technology Acceptance Model was used to guide this study. Davis (1985) created the
Technology Acceptance Model (TAM) in an effort to measure one’s intention to adopt various
technologies. The widely used Theory of Reasoned Action (TRA) and the Theory of Planned Behavior
(TPB) are recognized as foundational pieces in the creation of the TAM (Maranguni¢ & Granié, 2014).
Davis (1985) adapted these theories to develop a model that could better predict the use of specific
technologies (Maranguni¢ & Grani¢, 2014). TAM has been applied in a variety of contexts but is most often
used in information systems and technology research.
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Since its inception, the model has been revised and adapted to fit a multitude of situations.
Originally, Davis (1985) postulated that a person’s attitude toward a technology was impacted by only two
factors: perceived usefulness and perceived ease of use. Perceived usefulness relates to a system enhancing
an individual’s job performance and perceived ease of use concerns whether an individual views using a
certain system as effort free or not (Davis, 1985). In this original model, actual usage is determined by
behavioral intention, which is affected by one’s attitude and perceived usefulness of a system (Davis,
1989).

Through further research, Davis discovered that attitude did not fully explain the relationship of
perceived usefulness, perceived ease of use, and behavioral intention (Davis, 1989). Thus, a simplified
version of TAM was proposed that removed attitude from the model and included three constructs:
behavioral intention, perceived usefulness, and perceived ease of use. An additional construct was found to
be significant in predicting an individual’s usage. Perceived enjoyment relates to how enjoyable a user finds
the technology usage experience, despite any performance issues that may be encountered (Davis et al.,
1992). Davis et al. (1992) found that the combination of perceived usefulness and perceived enjoyment
mediated the effects of perceived ease of use and output quality on intention. Essentially, one’s intention to
use a new technology is preceded by perceived usefulness and perceived enjoyment. Additionally,
perceived usefulness and perceived enjoyment are influenced by perceived ease of use (El-Said & Aziz,
2021). While the factor of perceived enjoyment is not always included in TAM, in virtual contexts,
enjoyment is thought to play an important role in predicting users’ intention to adopt IT applications in
virtual environments (El-Said & Aziz, 2021).

Purpose and Research Questions

The purpose of this research was to explore students' perspectives of virtual tours in an agricultural
educational context. Specifically, this study sought to explore learners' perceptions of a virtual tour to learn
about the cotton ginning process. This mixed methods study was guided by five research questions.
Research question one sought to address the quantitative data that were collected and research questions
two through five addressed the qualitative findings.

Quantitative Research Question
RQ1: How did participants assess the virtual tour’s usefulness, enjoyment, ease of use, and
intention for future use?

Qualitative Research Questions
RQ2: What was the perceived educational merit of the virtual tour experience?
RQ3: What types of content and subject matter did participants enjoy most?
RQ4: How did participants describe the virtual tour's ease of use?
RQS5: What suggestions did participants provide regarding the development of virtual tours about
agriculture and food science facilities?

Methods/Procedures

This study utilized a convergent parallel mixed methods research design. In this approach,
quantitative and qualitative data are collected in a single study, either concurrently or sequentially, given a
priority, analyzed separately, and then brought together for comparison and interpretation (Creswell &
Plano Clark, 2011). The theoretical framework informed the study’s research questions, the items included
in the quantitative questionnaire, and the key questions asked during the focus group sessions. This allowed
for quantitative data and qualitative findings to be related, compared, and discussed after data analysis.
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Instrument Development

The instrumentation for this study was an online Qualtrics questionnaire and a moderator guide to
facilitate focus group discussions. The Qualtrics instrument contained 12 Likert-type scale statements to
measure participants’ perspectives about the virtual tour experience. It also had eight demographic questions
and two questions regarding participants’ connection to agriculture. The moderator guide included semi-
structured interview questions as well as a detailed script of instructions for the research session. The guide
began with an introduction and description of how the research session would flow, and instructions on
how to access the Qualtrics instrument, which contained the link to the stimulus and the questionnaire. After
participants had explored the tour and completed the questionnaire, the moderator guide shifted to focus on
the focus group discussion. A brief explanation of what a focus group is, how it functions, and the role of a
moderator and notetaker were provided prior to the question portion of the discussion. The semi-structured
interview guide included an introduction prompt for participants, five open-ended questions, and a final
question that summarized the discussion and asked for additional comments. These questions were crafted
so they would address the previously stated research questions, as well as connect to the four Technology
Acceptance Model constructs that were included in the quantitative instrument. This study also aimed to
collect user feedback and suggestions for enhancing current and future IVTs, which was addressed through
the fifth open-ended question.

To aid in creating the questionnaire and moderator guide, we adapted a portion of El-Said and
Aziz’s (2021) instrument pertaining to TAM and tailored it to fit the needs of the study. To establish face
validity, this adapted instrument was reviewed by a panel of experts with expertise in survey instrument
design, agricultural communications, and agricultural education. This panel also assessed content validity
to ensure the questions addressed all aspects of the TAM constructs. This review process refined the
questions to make them relevant to the context of the cotton gin interactive virtual tour. Following data
collection, we conducted post hoc reliability for the adapted items in the four TAM constructs. The
Cronbach’s alpha for each of the constructs is as follows: Perceived Usefulness a = .67; Perceived
Enjoyment a = .79; Perceived Ease of Use a = .78; and Intention to adopt VTs was a = .80. Prior literature
states that an alpha between .60 and .80 is acceptable (Hair et al., 2019; Hajjar, 2018; Saced & Kassim,
2017) especially in instances of exploratory research and preliminary instrument development (Peterson,
1994). Additionally, a pilot study was conducted with seven graduate students in the Department of
Agricultural Education and Communications at Texas Tech University to test the instruments and stimulus.
They provided suggestions on the flow of the session and moderator guide, which were implemented prior
to data collection. They did not have any revisions to the Qualtrics questionnaire.

To address concerns of reliability and validity in qualitative research, the measure of
trustworthiness is used. Lincoln and Guba (1985) identified four criteria needed to establish trustworthiness
in a qualitative study: credibility, transferability, dependability, and confirmability. Credibility was
established through triangulation of multiple data sources, including the questionnaire, focus group
transcripts, participant notes, and field notes (Creswell & Miller, 2000). Credibility was strengthened
through conducting member checks at the end of each focus group and peer debriefing with the notetaker
at the conclusion each focus group (Creswell & Miller, 2000; Shenton, 2004). To support transferability,
the study used thick, rich descriptions of the study's context and findings (Connelly, 2016). Dependability
was achieved by keeping a detailed audit trail throughout the research, and confirmability was reached
through the audit trail, triangulation of data sources, and peer review of the analysis process (Thomas &
Magilvy, 2011).

When conducting research then drawing conclusions based on the results, researchers must be
reflexive. According to Creswell (2013), for researchers to exhibit reflexivity, they must be aware of the
potential biases, values, and experiences they bring to their research and how these factors can impact
findings and conclusions. Based upon this, it is important to acknowledge these external elements and how
they may affect the research. At the time of data collection, three members of the research team were part
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of the 1Visit grant project, which supported the stimulus development. The IVT used as the stimulus in this
study was created by iVisit project members to meet the grant’s objectives. To minimize researcher bias,
we maintained an open mind throughout data collection and invited a researcher outside of the grant team
to provide expertise regarding this study’s methodology, data analysis, and summary of results.

Data Collection

All participants were exposed to the same stimulus, an IVT of a cotton gin. This IVT was created
as a part of a grant project, The 1Visit Project. The IVT contained “stops,” which are markers within the
tour that provide information about the cotton ginning process (Figure 1). This tour incorporated different
multimedia aspects to walk viewers through the cotton gin. Videos were used to explain the most important
parts of the ginning process while photos and plain-text descriptions were used to enhance video content,
provide further detail, and address items that did not have explainer videos. The markers were color-coded
by subject type and also have icons representative of the type of subject covered in the stop. For example,
content pertaining to equipment are marked with a wrench icon. This tour contained 22 stops: video stops
are green, photo stops are red, plain-text description stops are blue, and yellow markers act as directional
guides. Participants were given a demonstration of the different ways to navigate the tour prior to their
viewing. Students were given 15 minutes to navigate the tour.

Figure 1

Screenshot of the floorplan view of the cotton gin interactive virtual tour.

The target population for this study were undergraduate students at Texas Tech University in the
Davis College of Agriculture and Natural Resources. The participants were a convenience sample of
students who chose to attend the focus group sessions (N = 32). It should be noted that participants may
have had a pre-existing interest in virtual tours. Additionally, students were entered in a drawing to win one
of four $25 cash prizes for participating. Selecting an appropriate sample size and number of interviews in
qualitative research can be challenging due to the varying characteristics between studies; however, data
saturation can be used as a guiding principle for guaranteeing qualitative rigor (Hennink et al., 2019). “Data
saturation refers to the point in data collection when issues begin to be repeated and further data collection
becomes redundant” (Hennink et al., 2019, p. 1483). After each focus group, researchers identified common
themes. By the fourth focus group, no new themes occurred. While there is limited research on exact
methods for assessing data saturation (Hennink et al., 2019), prior literature has found that two to three
focus groups typically capture 80% of themes, including the most prevalent ones, and three to six groups
account for 90% of themes in homogenous populations using a semi-structured discussion guide (Guest et
al., 2017). While five to eight participants have traditionally been considered the ideal size for a focus
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group, smaller, or mini-focus groups, are becoming more popular. These focus groups have four to six
participants, and are considered easier to recruit for, host, and are more comfortable for participants
(Krueger & Casey, 2014). With these considerations in mind, six focus group discussions were held with
four to eight participants in each session, resulting in 32 total focus group participants. Due to the sampling
approach and small sample size, this research is not generalizable to a larger population. However, the
insights gained are transferable to similar participants and other IVTs related to food and agricultural
science (FAS) facilities.

Data Analysis

Quantitative data were originally collected in Qualtrics then exported into IBM SPSS v. 29.
Descriptive statistics were calculated for participants’ demographics, connection to agriculture, and the
TAM scale items. Qualitative data were collected by recording the focus group discussion using Otter ai.
Each transcript was then verified for accuracy and personal identifiers were removed and replaced with
participant numbers. Using DelveQDA, the data were analyzed using open, axial, and selective coding
methods (Williams & Moser, 2019).

Population and Sample

The descriptive characteristics of participants can be found in Table 1. Most participants (n = 23,
71.9%) identified as female. All participants identified as Caucasian (n = 32), and two participants also
identified as American Indian, Native American, or Alaska Native (n = 2, 6.3%). The majority (n = 20,
62.5%) were classified as seniors by credit hours. All participants were enrolled in the Davis College of
Agriculture and Natural Resources at Texas Tech University (n = 32, 100%), and agricultural
communications was the most common major (n = 29, 90.6%).

Table 1

Demographic Characteristics of Participants (N = 32)

Characteristic n %
Gender
Female 23 71.9
Male 9 28.1
Non-binary / Third Gender 0 0.0
Prefer not to say 0 0.0
Spanish, Hispanic, and Latino Origin
No 31 96.9
Yes 1 3.1
Ethnicity
Caucasian 32 100.0
American Indian/Native American or Alaska Native 2 6.3
Black or African American 0 0.0
Asian 0 0.0
Native Hawaiian or Other Pacific Islander 0 0.0
Other 0 0.0
Classification by Credit Hour
Senior (90+ hours) 20 62.5
Junior (60-89 hours) 6 18.8
First-year (0-29 hours) 4 12.5
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Sophomore (30-59 hours) 2 6.3
College of Enrollment
Davis College of Agriculture and Natural 32 100.0
Resources
Academic Major
Agricultural Communications 29 90.6
Agricultural Education (Teacher Certification) 2 6.3
Animal Science (Science) 1 3.1

Participants’ connection to agriculture was determined through two questions: rural-urban
hometown classification and prior exposure to cotton gins. Half of the participants (n = 16, 50%) classified
their hometown as a farm in a rural area. Other participants’ hometown classifications were as follows:
subdivision in a town or city (n =7, 21.9%), urban or suburban area outside of the city limits (n =5, 15.6%),
and rural area, not a farm (n = 4, 12.5%). Regarding prior exposure, 16 participants (50%) selected they
had previously visited a cotton gin in person, and 15 participants selected they had not visited a cotton gin
before. One participant selected “not sure.”

Findings

Quantitative Research Question

The first research question sought to describe how participants assessed the virtual tour’s
usefulness, enjoyment, ease of use, and intention for future use. Each TAM construct consisted of three
Likert-type statements where 1 = strongly disagree and 5 = strongly agree. The upper limit for each scale
was 5.00 and each construct’s grand mean was a 4.00 or greater. In Table 2, we provide the means and
standard deviations for each Likert scale item as well as the grand means for each construct and their
reliability coefficient (Field, 2024).

Table 2

Means, Standard Deviations, and Cronbach’s Alpha for TAM Constructs and Scale Items (N = 32)

Constructs and Items M SD a
PU: Perceived Usefulness .67
PU1: Experiencing the virtual tour increased my knowledge about the 4.66 .83
cotton gin.
PU2: In my opinion, virtual tours are a useful way of experiencing cotton 4.59 .67
gins.
PU3: The virtual tour was a convenient way to visit the cotton gin. 4.47 712
PU Grand Mean 4.57 .58
ENJ: Perceived Enjoyment .78
ENJ1: I enjoyed experiencing the virtual tour. 4.41 7
ENIJ2: I would describe the virtual tour experience as very interesting. 4.38 83
ENJ3: The virtual tour experience was fun. 4.00 92
ENJ Grand Mean 4.26 .70
PEOU: Perceived Ease of Use 78
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PEOUL: It was easy for me to understand how to experience the virtual 4.53 .62
tour.
PEOU2: I found that the virtual tour experience was flexible to interact 4.34 .83
with.
PEOU3: It was easy for me to become skillful at experiencing the virtual 431 1.03
tour.
PEOU Grand Mean 4.40 70
INT: Intention to Adopt IVTs .80
INT1: The virtual tour stimulated my interest to experience other virtual 4.22 .83
tours in the future.
INT2: I intend to experience other virtual tour sites in the future. 4.19 78
INT3: I will consider visiting some other agricultural sites virtually. 3.59 88
INT Grand Mean 4.00 70

Note: Scores were based on a Likert-type scale with 1 = strongly disagree and 5 = strongly agree.

Qualitative Research Questions

Questions two through five sought to describe the qualitative insights gained through the focus
group discussions. Table 3 summarizes the emergent themes for the research questions. Themes were
developed using open, axial, and selective coding methods, and are supported by participant statements
(Williams & Moser, 2019).

Table 3

Summary of Emergent Themes, Organized by Research Question

Research Question Emergent Themes
RQ2: What was the perceived educational merit of 1. IVTs Have a Place Inside of the Classroom
the virtual tour experience? 2. IVTs vs. Traditional Field Trips
3. Using IVTs in an Informal Setting
RQ3: What types of content and content matter did 1. Variety is Appreciated, but Videos are Elite
participants enjoy most? 2. Quick Facts are Best
RQ4: How did participants describe the virtual tour’s 1. Multiple Ways to Navigate the Tour
ease of use? 2. “Go at Your Own Pace”
3. It’s Easy!
4. Getting the Hang of It
RQS5: What suggestions did participants provide 1. “Showcasing Any Process Within
regarding the development and improvement Agriculture”
of virtual tours about agriculture and food 2. Improving Clarity

science facilities?

Findings related to each research question are presented through the description of emergent
themes. Themes are supported with narrative statements from participants. To ensure participant
confidentiality, participant names were replaced with participant numbers.

Research Question Two

This research question addressed how participants viewed using virtual tours in an educational
context. Three emergent themes were found with some corresponding subthemes.
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IVTs Have a Place Inside of the Classroom

Participants agreed that IVTs could be used inside of the classroom in a variety of ways. They
mentioned it was more engaging than a typical lecture, appealed to a variety of learning types, could spark
class discussions, or be integrated in an assignment context. Participant 17 said, “This is for sure an effective
learning tool and there’s no doubt about that... I definitely think this could be a really awesome discussion
board tool or maybe just a ‘what facts did you take away from this’ assignment.”

Additionally, participants noted that information is also shared through a variety of formats, making
the IVT appealing to a variety of learning types. Participant 28 said:

What I think is nice about it is it appeals to many different learning types because it appeals
to your visual learners. And it also will appeal to your auditory learners, but also your
learners who learn by interacting. So, I feel like it would be beneficial in a classroom setting
to appeal to a variety of learning types.

IVTs vs. Traditional Field Trips

While participants did not say IVTs could entirely replace field trips, they recognized the benefits
IVTs provide as well as different ways to use IVTs. The emergent subthemes were: (1) IVTs Provide
Flexibility, (2) IVTs are Great, but They’re Not a Replacement, (3) IVTs as Supplements to Field Trips.

IVTs Provide Flexibility. Participants recognized the obstacles that often come with taking
traditional field trips and said I[VTs could be a great alternative. Participant 9 said:

You can do it from wherever. If you’re at home, you’re at school, you’re at the coffee shop,
you can sit there and do it. It’s convenient—you don’t have to go out to the gin to just go
tour it.

IVTs are Great, but They’re Not A Replacement. Participants indicated they enjoyed the IVT
but noted it was not a replacement for an actual field trip. Many of them wanted to be able to walk around
inside of the actual facility. Participants who had toured a gin in person before said it was harder to take
information from the IVT because of their prior experiences. Participant 4 said, “The virtual tour was harder
for me to obtain information having done a tour with a gin in person. I didn’t obtain as much virtually.”
Participant 1 said, “I feel like nothing can compare to in-person tours, but I feel like this did a really good
job of making it realistic.

IVTs as Supplements to Field Trips. While IVTs may not be a replacement for in-person field
trips, participants said they could be a valuable supplement. Participants mentioned the IVT could be
explored prior to students taking an actual tour to inform them about the location or after a tour as a
reference material. Participant 1 said:

Virtual tours like this one could be used in the classroom setting if you were taking your
class on a tour. Maybe give them this virtual tour ahead of time, so they can think of those
questions. Because we all know it can get awkward whenever they’re like ‘Are there any
questions?’ and nobody asks.

Using IVTs in an Informal Setting

Participants perceived IVTs as having educational merit not only inside of the classroom but also
to educate beyond the classroom setting with people from diverse backgrounds. Participants recognized the
value of “bridging the gap” between the agricultural industry and consumers as well as identified this as a
potential tool to assist in those efforts. Participant 1 said, “As an agriculturist, there’s always controversy
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on why is the outside world not understanding what we’re doing in agriculture... So, I liked this aspect of
not telling them but actually showing them what goes on in agriculture.”

Research Question Three

Research question three sought to understand participants’ preferences, if any, for differing types
of content (e.g., videos, photos, descriptions) as well as the subject matter they enjoyed most. From this,
two main themes emerged: (1) Variety is Appreciated, but Videos are Elite, and (2) Quick Facts Win. These
two themes also had subthemes that are discussed below.

Variety is Appreciated, but Videos are Elite

Participants made many comments, critiques, and suggestions regarding how the information
within the tour was presented. Based on participant feedback, it is clear that while participants did enjoy an
assortment of content delivery methods, they preferred videos. This led to the development of the following
subthemes: (1) Include a Variety of Content Types and (2) (Short) Videos are the Favored Content Type.

Include a Variety of Content Types. Many participants mentioned they enjoyed the varying ways
content was presented. The tour of the cotton gin included five video stops, six photo stops, and 11 text-
only description stops. Participants said the combination of delivery methods helped them stay interested
and appealed to a variety of learning styles. Participant 17 said, “I also liked that there was a lot of
transitioning between a video here and then a picture here with a scenario. I liked that it always kept you
guessing like what was next.”

(Short) Videos are the Favored Content Type. While participants appreciated the variety of
content types, it was apparent videos were the preferred content type. Participants mentioned videos helped
to keep them engaged throughout the tour and they made it easier to understand the information. The
majority of participants also mentioned they enjoyed how short the videos were. The five videos ranged
from 34 seconds to 50 seconds in length. Participant 19 said, “The videos were my favorite part of the
experience because they’re short, they give you a whole lot of information really quick and effectively. It’s
honestly easier to retain the reading.”

Quick Facts are Best

Beyond how the content was presented, participants also noted the content they remembered from
the tour and were asked to describe why they recalled the information. Participants noted “quick facts” were
what they picked up on most, with varied reasoning on why this was so. Two subthemes arose from this:
(1) Make it Easy to Consume and Interesting, and (2) Quantification Helps.

Make it Easy to Consume and Interesting. During the focus group, participants were asked to
recall any facts or bits of information they remembered from the tour and were then asked to explain if
there was a particular reason they remembered this information. Participants emphasized making the
information presented “easy to consume” or “digest.” Additionally, some participants said it was the
smaller, more random facts they remembered best, rather than the larger picture items. Participant 20 said,
“It’s good that the information was pretty digestible. Especially for somebody who has no background in
agriculture or a gin.”

Quantification Helps. When asked what they remembered, many participants recalled facts that
included numbers. Some participants specifically stated numbers helped them to recall facts. Participant 19
said, “It’s the quantification of something that helps me remember it. You give me a number and now it
feels more important because it is an amount of something.”
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Research Question Four

The fourth research question sought to understand how participants described the virtual tour's ease
of use. Four themes emerged: (1) Multiple Ways to Navigate the Tour, (2) Go at Your Own Pace, (3) It’s
Easy!, and (4) Getting the Hang of It.

Multiple Ways to Navigate the Tour

Participants recognized there are multiple ways to navigate the tour and uses for the floorplan and
dollhouse view tools. Two subthemes emerged from this discussion: (1) Use the Arrows and (2) The
Floorplan is Your Friend.

Use the Arrows. At the beginning of the research session, participants were given a demonstration
of the different ways to navigate the tour as well as some of the tools that were available to them. There are
two basic ways to navigate the tour. The first is to use the arrows to go through all of the stops in the way
they were ordered. The second way to navigate was to use a “free look™ approach, which is essentially
moving throughout the tour with no predefined path. Participant 9 said, “I wasn’t ever confused because I
clicked through the arrows, but if I would have just like clicked around then I might have gotten lost and
not followed the correct path.”

The Floorplan is Your Friend. One of the tools available to users is the option to view the entire
facility from a floorplan view. Participants mentioned this was a helpful aspect to orient themselves in the
facility. Participant 14 said, “The floor plan was really helpful; especially how it was labeled because
whenever I did get lost, I would go back there and kind of reposition myself.”

Go at Your Own Pace

As the previous theme and subthemes addressed, there are different ways to navigate the tour, and
each person had their own preferences to which method is best. Regardless of how users choose to navigate
the tour, participants mentioned they liked that they were able to go at their own pace and choose how they
experienced the gin. This allowed them to spend more time learning about content that interested them
specifically. Participant 10 said:

The ‘go at your own pace’ thing is really nice. Because I mean, in a tour, they’re probably
going to be busy. So, they want to get you in and out, and you’re not going to be able to go
back either.

It’s Easy!

Participants said they enjoyed how easy it was to move around and explore the cotton gin. As the
previous theme discussed, they liked being able to essentially control their trip. They also enjoyed
navigating through the tour, for the most part. Participant 11 said, “I found it was smooth and easy to
navigate your way around. Having those [numbers], even though the numbers are small, it was helpful to
have those up there, so you know which order you were in.”

Getting the Hang of It

While many participants described navigating the tour as “easy,” several participants noted there
were times they were lost, or a bit confused, and had to spend some time reorienting themselves. Participant
20 said, “It definitely got easier to navigate once I got further in. At the beginning I was kind of like, ‘OK,
it’s a little confusing,” but I think that might be in part because of how the gin is structured.”

Research Question Five

The final research question sought to identify future tour sites as well as improvements to be made
for future tours. This led to the development of two themes with corresponding subthemes.
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“Showcasing Any Process Within Agriculture”

Participants identified a variety of potential IVT sites in food and agricultural sciences (FAS). From this,
four subthemes were created: (1) Animal Sciences, (2) Commodities, (3) Recruitment, and (4) Other Areas
of FAS.

Animal Sciences. When asked what other virtual tours they would be interested in, many
participants first named sites related to animal sciences. Popular suggestions were feedlots, processing
plants, and dairies. Participants said these sites could be helpful in educating those outside of the agricultural
industry about where their food comes from and how it is made. Participant 10 said, “Definitely
feedlots...because that’s such a big part of the ag industry, and I think a lot of people don’t get to see that,
especially where I’m from... where we don’t have a lot of that kind of agriculture.”

Commodities. Many different types of commodities were also suggested as future tour sites. From
growing in the field to milling, participants were interested in seeing the many processes that various crops
go through. Participants even mentioned production processes of other staples such as timber, rice, fruit,
almonds, and olive oil. Participant 5 said, “All grain production like sorghum, soybeans, corn, kind of the
process of how all of that gets from the field to table or the field to whatever it gets turned into. I think any
grain production would be good.”

Recruitment. Participants also identified using IVTs as a recruitment tool. They suggested this
technology could be used to provide further insight into different facilities as well as various majors and
learning opportunities at the university.

Other Areas of FAS. Outside of the aforementioned areas, participants identified several other
sites for future tours. The sites mentioned pertained to a variety of the scientific processes that are seen
within the agriculture industry such as genetic engineering, greenhouses, and pesticide and herbicide
production.

Improving Clarity

Overall, participants provided helpful critiques for improving the development of future IVTs. Four
subthemes emerged, which concerned improving the clarity of IVTs: (1) More Structure, (2) Identification
Tags, (3) Provide a Beginning and an End, and (4) Additional Content Areas.

More Structure. Participants suggested adding structure to the IVT to make it seem closer to a
real tour. In order to do this, it was proposed to add more directional pieces to the tour such as arrows and
explainer “stops.” The current tour has four directional stops. Participant 19 said: “I think a little more
structure to the tour itself. When you’re taking an in-person tour, you have a guide that’s showing you
everything and so typically they’ll show you like the exact process and take you that way.”

Identification Tags. Participants suggested changing the identification tags to make them more
descriptive or numbering the stops instead. The identification tags for each stop were categorized by
content. For example, stops relating to machinery have a wrench icon and stops relating to crops have an
ear of corn icon.

Provide a Beginning and an End. Participants commented on the chronological organization of
content and suggested that in the future, creators should include a brief background piece to provide viewers
with more context. Participant 32 said:

To kind of help people that don’t fully understand what it is, I think having the farming

part at the beginning would add a lot of context to it. Because when it was at the end, [ was
like, “Oh, there it is. There’s the first step.”
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Additional Content Areas. Participants made note of a few different important content pieces, as
well as identified areas for additional content in future tours, or in the revision of the cotton gin IVT. Most
participants emphasized the importance of having a brief overview video at the beginning of the tour to
provide needed context for viewers who may not be familiar with the site. Additionally, participants said
they wished there was more of a human-interest aspect to the tour. Participant 18 said: “I wouldn’t mind,
like an interview. This is just me, knowing that people connect with people.”

Conclusions & Implications

The purpose of this study was to explore the perceptions students hold regarding using IVTs in an
agricultural education setting. Virtual tours have been used in the classroom as an alternative to traditional
on-site field trips and to facilitate experiential learning opportunities for students (Caliskan, 2011; Cliffe,
2017; Petersen et. al, 2020; Spicer & Stratford, 2001). Virtual tours of food and agricultural science facilities
do exist and have been implemented in classrooms (Herritsch et al., 2013; Karcher & Reid, 2018); however,
there is limited literature on student perceptions of using virtual tours as a learning tool. This study utilized
the Technology Acceptance Model as a theoretical guide to understanding students’ perceptions of virtual
tours. Utilizing a convergent parallel mixed methods approach, the research team collected and analyzed
quantitative and qualitative data separately then brought them together for comparison, discussion, and
interpretation. Each of the quantitative TAM constructs were connected to a qualitative topic for comparison
and discussion as described below. The findings provide insights about the use of food and agricultural
science IVTs in agricultural education.

Perceived Usefulness and Educational Merit

The perceived usefulness scale had a high grand mean of 4.57 (the upper limit is 5.00), indicating
students had positive perceptions of the usefulness of the IVT. This supports the qualitative findings related
to perceived educational merit. Participants deemed IVTs as an effective learning tool. While they found
the IVT to be beneficial, participants reiterated that an IVT was not a substitute for an actual field trip to
the site. Previous literature evaluating student responses to the use of virtual tours in an educational setting
agrees with this sentiment (Cassady et al., 2008; Herristch et al., 2013; Spicer & Stratford, 2001). These
findings indicate that IVTs are valuable educational tools. As the TAM posits, perceived usefulness is
related to how technology can help one achieve a goal or complete a task (Davis, 1989). Participants
recognized that the IVT was a useful way to learn more about the agricultural site and this would help them
achieve classroom-related goals such as learning more about the topic. The comparison of perceived
usefulness and perceived educational merit allows educators and creators of tours more insight into how
participants view virtual tours, allowing them to create virtual tours that are nearly as stimulating as an
actual field trip.

Perceived Enjoyment and Content

Within TAM, perceived enjoyment is “the extent to which the activity of using the computer is
perceived to be enjoyable in its own right, apart from any performance consequences that may be
anticipated” (Davis et al., 1992, p. 1113). Quantitatively, perceived enjoyment was measured through three
scale items and had a grand mean of 4.26, suggesting that participants enjoyed the virtual tour experience.
This finding supports the qualitative data as participants made comments such as “I was interested the
whole time because I could either read it, or I could hear what they were saying in the videos.” Previous
studies have found enjoyment is an important factor when predicting users’ intentions to adopt technology
in virtual settings (El-Said & Aziz, 2021; Guo & Barnes, 2011; Kim & Hall, 2019; Vishwakarma et al.,
2020). Perhaps the most notable finding was how much participants enjoyed the video content. A vast
majority of the participants commented that they liked the videos because they were short (ranging from
30 to 50 seconds) and straight to the point. Participants even said they wished there were more videos. This
is consistent with previous literature. El-Said and Aziz (2021) had a similar finding regarding the use of
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virtual tours during COVID-19. One of their participants commented that “virtual tours may be combined
with an introductory video giving background and describing what these sites include. It is very important
to add sound (audio) explanation to the virtual tours as it is more convenient than reading” (El-Said & Aziz,
2021, p. 539). Tailoring content types to participant preferences will help ensure they stay engaged
throughout the entirety of the IVT, similar to how they would likely stay engaged in an actual tour.

Perceived Ease of Use and Navigation

Perceived ease of use had a grand mean of 4.40, demonstrating participants found the tour relatively
easy to use. TAM literature emphasizes the importance of perceived ease of use (Davis, 1985; Davis et al.,
1992), which is influenced by design features that make the technology easier or more difficult for users to
learn and implement. Participants appreciated that they could navigate the tour at their own pace, and most
described the tour as easy to navigate. However, some did say they first had to orient themselves and “get
the hang” of the tour before it was easy. While there are multiple ways to navigate the tour, notably, most
students said they preferred using the arrows to click through the tour so they could ensure they were seeing
all the content. This finding is consistent with that of Mead et al. (2019) who evaluated the ability of IVTs
to promote science learning in a high school AP biology class and undergraduate biology course in the
United States. While some participants in the current study did admit that it took a minute to get their
bearings and become accustomed to using the technology, they said it became easier to navigate as they
continued to explore the tour. Based on these findings, it can be concluded the virtual tour experience was
easy to navigate and use for most participants. Even those who had difficulties initially said that as time
went on, they became more comfortable using the virtual tour technology. Understanding how participants
perceived the ease of navigation of the tour is vital to improving users’ overall experiences and impressions
of the IVT, which can impact their intention to adopt future virtual tours.

Intention to Adopt and Future Development

The final TAM construct and qualitative question pertained to students’ intention to adopt future
IVTs, future FAS sites and facilities they would like to see, and any suggestions they have for future IVTs.
The intention to adopt scale had a grand mean of 4.00, which suggests most participants would use an IVT
to vicariously visit an FAS site again. Students had many suggestions for IVT improvement, all of which
included clarifying current “stops,” including more context about the facility at the beginning and end of
the tour and overall adding more structure to the tour so it more closely simulated an actual tour. They noted
IVTs could be used to showcase “any process within agriculture,” but the first suggestion was often an
animal science facility. Outside of animal science facilities, participants mentioned a variety of crop-related
sites, ranging from a farmer’s field to laboratories where scientists work with genetic modification
technologies. Participants often referenced the ability of an IVT to enable them to visit a site they normally
would not have access to. By ensuring [VTs are clear and structured, and implementing IVTs of facilities
that interest specific target audiences, tour creators and educators can ensure the tours that are employed
are a beneficial learning experience for their participants.

Recommendations

The current study adds to the limited prior literature regarding student perceptions of using virtual
tours in an agricultural education context. As virtual tour technology becomes more available and integrated
in educational settings, additional research is needed. A limitation of the current study is the low reliability
of one of the TAM constructs. Future studies should continue to test and revise the scales used in this study
to improve reliability, specifically the perceived usefulness scale. The Cronbach’s alpha for the perceived
usefulness index was o = .67. The lowest corrected item-total correlation was .27. Removing the second
scale item, “In my opinion, virtual tours are a useful way of experiencing cotton gins,” could have improved
the overall alpha coefficient to .84; however, Peterson (1994) recommended having at least three scale
items, so the alpha reliability coefficient is more accurate. While previous literature deems an alpha
reliability coefficient of .60 to .80 as acceptable, efforts should be made to improve all overall alpha
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coefficients to above .70 (Hair et al., 2019; Hajjar, 2018; Saced & Kassim, 2017). Revising the scale items
related to perceived usefulness may be necessary to achieve an alpha coefficient at or above .70.

Future research should also replicate this study with a larger, more diverse student population. Due
to the lack of diversity and small sample size of the current study, we cannot generalize the results to larger
populations. While students of varying majors within colleges of agriculture should continue to be a target
population, students outside of colleges of agriculture should be considered. Adult, or informal, learners
could also be a population of interest. Additionally, other IVT sites should also be researched to gather
insights into students’ perceptions of each specific tour. As more IVTs are evaluated, researchers can also
compare results between them to identify commonalities and areas of distinction. It is also recommended
to collect feedback from the instructors who implement IVTs in their classroom. By receiving feedback
from the instructors who are implementing them in their courses, we can learn more about how to improve
the content inside of the tour for teaching purposes and identify valuable supplemental and curriculum
materials. In that same vein, the students of these instructors should also be evaluated, as they have a more
natural, candid view of using IVTs as learning tools, and can provide insight into what the practical
application of IVTs. Finally, a general guide for creating IVTs and other virtual tours should be developed
that is informed by previous studies. While some literature and research pertaining to the use of virtual tours
in a classroom do address a few best practices in their discussion and conclusions, there has yet to be a
comprehensive list, review, or analysis created for best practices. If such research was conducted, it could
improve the content and overall effectiveness of virtual tours for educational purposes.

The findings of this research indicated students perceive IVTs as a valuable learning tool that can
be used in a variety of contexts. This research provides insight into how future virtual tours can be developed
to be as effective as possible. The findings of this research led to several recommendations for practice. The
first recommendation is for future IVT creators to utilize videos throughout their IVTs. Almost all students
stated that they enjoyed the video content best, as it simplified the information and presented it effectively.
Based on this, it is a strong recommendation that creators use videos that are less than 90 seconds as the
main source of information dissemination. Then, photos and descriptions can be used as complementary
content pieces to the videos. Additionally, it is recommended that there be “start of tour” and “end of tour”
videos to provide necessary context, as well as a more structured IVT experience, similar to a traditional
tour. Creators should consider integrating a human-interest aspect into these videos, as well as other videos
throughout the tour, if possible. Students noted that “people connect with people” and that they wished to
know more of the personal history behind the gin. Adding these aspects to future IVTs will ensure a well-
rounded and complete experience for students.

Future tour creators and researchers should also consider investigating the additional sites
participants recommended in this study. Based on their responses, it is apparent students are interested in
seeing sites of various animal science facilities, as well as different crop and other commodity processes.
Colleges of agriculture and other agricultural facilities (e.g., a vet school) should also consider creating
IVTs to highlight some of their more notable and most used facilities, which will contribute to recruitment
efforts. Further analysis of perceived learning should be another area of interest for future researchers. The
current study did not attempt to measure learning but simply asked students to recall some facts or
information they remembered and why they were able to remember that piece of information. Prior research
has studied what students learn through IVT. Herritsch et al. (2013) compared the test results of two groups:
students who received the unit material through an IVT, and students who received the material in a
document. Students who received the IVT performed better on the test and spent less time studying the
material. It is recommended that a similar study be conducted in an agricultural context so researchers can
attempt to determine the educational impacts IVTs can have in comparison to traditional teaching methods
regarding this content.
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Finally, it is recommended that educators begin to utilize IVTs more regularly in their classrooms
as a learning tool. Participants mentioned they enjoyed the tour experience and thought it was a nice change
of pace from a typical lecture. They also mentioned the tour could be useful in sparking discussion among
the class and could be the topic for a variety of assignment types. IVTs can provide educators with an
alternative to traditional field trips, which may not be feasible for everyone. The IVTs eliminate some of
the barriers of a traditional field trip and may enable students to visit sites that are not common in their local
area or would have restrictions on in-person tours. Moreover, IVTs can be used as a complement to
traditional field trips. Instructors can disseminate the IVT to their students prior to the actual tour as a
preparation tool, or the IVT can be used post-tour to review the material covered in the actual tour and to
learn more about the facility.
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