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A B S T R A C T

Growing public interest in understanding the origins and production methods of dairy products, driven
by concerns related to environmental impact, local sourcing, and ethics, highlights an important trend.
Nevertheless, a knowledge-trust gap persists between consumers and the dairy industry. Addressing this gap, in
this paper, we developed an immersive virtual farm simulation to provide realistic on-farm experiences to the
public. Within the virtual farm, users can explore various sites where dairy cows are raised and gain insights
into dairy production processes using a head-mounted display (HMD). This simulation was demonstrated
at local libraries, involving 48 public participants. We collected and analyzed participants’ feedback on
various aspects, including usability and their overall perceptions, to assess the simulation’s effectiveness as
an agricultural education tool. We investigated the impact of the virtual experience on participants’ perceived
knowledge gain and their awareness of the dairy industry. The results indicate that our dairy farm simulation
was positively received as an effective tool for public education. Emphasizing the potential of virtual reality
(VR) simulations in agricultural education and the industry, we discuss our key findings and future plans.
1. Introduction

The public is becoming increasingly interested in investigating the
origin of their food and how it is produced, with concerns about
environmental impact, local sourcing, and ethics [1–3]. However, the
average North American supermarket shopper is detached from how
the food they consume is actually produced. The information dis-
tributed by the agriculture industry is not effectively reaching the
public, and there is a knowledge-trust gap between consumers in
Canada and the industry [4]. For example, shoppers are used to seeing
the containers of milk and bricks of cheese on the supermarket shelves,
but may have never seen a cow or thought about how the livestock that
produces these goods are raised on farms outside their city.

Some argue that journalism can influence food consumption be-
havior [5,6], and social media are becoming increasingly powerful
in shaping public opinion based on the viewer’s connection to the
source [7]. There are also entertainment apps that provide informa-
tion about the dairy industry. While many 2D farming video games,
educational programs, and even some 3D farming VR gaming options
are available [8,9], those experiences often only offer a limited sense
of how a niche industry or boutique farm operates.
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Recently, Virtual Reality (VR) has garnered significant public at-
tention as a promising technology for delivering an accessible and
interactive learning experience in the dairy industry, and it has been
reported to be an effective educational tool across multiple indus-
tries [10–13]. VR has the potential to ensure agriculture information
reaches the public in a meaningful way, serving as a supplemental or
alternative to conventional media. It can create a strong connection
with the public through immersive and interactive virtual experiences
that offer verifiable situations for forming opinions [14]. Anastasiou
et al. reviewed applications of VR and extended reality (XR) within
the agriculture industry and found 55 studies—half of which are ed-
ucational applications [15]. The study underscores the potential of XR
technologies in addressing challenges in the primary sector, emphasiz-
ing the need for further research to optimize immersive interactions
and overcome health and privacy concerns.

In this paper, we introduce our project where we developed a
VR simulation application to provide realistic on-farm experiences
to the public. Using the developed application through wearable VR
headsets, the public could walk through various sites within a farm
where dairy cows are raised. We focus on realizing an interactive,
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scientifically accurate on-location experience that teaches the public
about agriculture. To accurately depict the context of a real dairy farm,
we used contextual appropriate data collected from local dairy farms
and informal interviews with farmers and veterinarians. The program
was showcased/demonstrated at the Taylor Family Digital Library at
the University of Calgary and the Calgary Public Library to examine the
potential of the VR experience as a public education tool. During the
showcases, we collected subjective questionnaire responses from the
public to analyze user experience, learning efficacy, and their thoughts
and perceptions about the agricultural production industry.

Through the conducted research, we aim to address the following
high-level research questions:

RQ1. Is our virtual dairy farm simulation perceived as a useful
medium to educate and inform the public about the dairy
industry?

RQ2. How are the user experience and perception metrics correlated
to each other in terms of the usability of the system as an
educational tool?

RQ3. Does our virtual dairy farm simulation motivate users to learn
more about dairy farming and the industry?

The remainder of this paper is structured as follows. Section 2
describes the related work in the scope of agriculture education and
virtual farm simulations. Section 3 presents the details of our virtual
farm system. Section 4 describes the conducted experiment through
public showcases. Section 5 describes our findings, which are discussed
in Section 6, and Section 7 concludes our work.

This article is an extended version of the paper presented at the
2nd International Workshop on eXtended Reality for Industrial and
Occupational Supports (XRIOS), as a part of the IEEE Conference on
Virtual Reality and 3D User Interfaces (IEEE VR) 2023 [16].

2. Related work

This section reviews literature that has examined the relationship
between the dairy industry and public education, and the use of VR for
educational experiences.

2.1. Public policy and education in dairy industry

While public policy plays a crucial role in shaping the dairy industry
through regulations, incentives, and support mechanisms [17], public
education holds the potential to shape and impact the policies. To
examine how an individual’s health beliefs, nutrition knowledge, and
attitudes toward food technologies play a role in the anti-consumption
of dairy products, Allen et al. conducted an online survey with 1705
Canadian adults [18]. They found that resistance to innovations in food
technology, low levels of dairy-specific nutrition knowledge, and the
belief that dairy avoidance will not have a negative impact on their
health are the main drivers of the anti-consumption of milk and/or
yogurt. They found that the same is true for dairy products in general—
people who have a higher level of dairy-specific nutrition knowledge
are more likely to be anti-consumers of dairy products in general.

In addition, Sutherland et al. found that consumers lack basic
knowledge in most areas of agricultural production through a sur-
vey of 700 participants from across English-speaking Canada. They
recommend that the agriculture industry improves its education and
communication efforts with consumers [4]. The self-reported knowl-
edge of the participants tended to be about topics such as organic,
certified-humane, hormone-free or genetically modified agriculture,
and herbicide use, which are commonly discussed in the media. They
raised the concern that the knowledge-trust gap between consumers
and Canadian agriculture is a growing issue, despite increased efforts
to improve transparency and communication.

While exploring the advantages and disadvantages of different
distribution models available to farmers and fishers in Nova Scotia,
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Canada, Clément et al. published a report that outlined 13 policy-based
strategies to enhance community food security and future policy [19].
One of these strategies was to ‘‘continue public education awareness
on Nova Scotia’s food systems and how it can be supported’’. In a case
study, they examined an independent dairy producer, one of only two
producer-processors in the province. This producer sells pasteurized,
non-homogenized milk—contrary to the dairy production practices of
standard farms. The results revealed that the success of this local dairy
farm was because ‘‘consumers understand that they are receiving a
unique, reliable niche product and they keep coming back’’. The three
pillars of the local dairy farm are ‘‘to provide service, educate and offer
quality product’’. The dairy farm educates consumers so that they know
the type of product they are getting, thus maintaining a loyal customer
base.

2.2. Virtual experience for education

VR has been shown to be a functional tool for education due to
the immersive and interactive experience that users have [20–22]. In
2000, Allison and Hodges developed a VR system to explore how the
technology might be used to aid in educating middle school students for
knowledge acquisition and concept formation [23]. They built a testbed
VR system to teach student participants about Gorillas, and their results
showed that the system had the potential as a public education tool.
Through the study, they realized that there were not enough resources
to generate worthwhile content, but were optimistic that once content
generation and suitable hardware became economically viable there
would be great utility for VR in public education.

In 2012, Tarng et al. developed a web-based virtual farm application
to study its effects on education [24]. Users played the role of a
farmer raising crops and poultry, observing the farm’s growth as they
interacted with the application. The farm was designed to simulate
real situations encountered by a farmer to enhance users’ interest
and motivation to learn agricultural knowledge and experience farm
life. They found that the virtual farm significantly enhanced grade 3
students’ learning effectiveness and motivation.

Recently, in 2022, Lampropoulos et al. studied the public’s per-
spectives, sentiments, attitudes, and discourses regarding the adoption,
integration, and use of Augmented Reality (AR) and VR in educa-
tion [25]. They collected and analyzed 17 million Twitter posts from
January 2010 to December 2020, creating four datasets—two referred
to the general use of VR and AR, and the other two referred to
their educational use. They found that the majority of the public was
positively inclined towards the general and educational use of AR and
VR.

2.3. Virtual reality for agricultural education

Regarding the role of VR in agriculture education, there are ar-
ticles that discuss the potential of VR for training [26] and study
the implementation of VR for training [27,28]. Yu et al. introduced
the idea and discussed the potential of VR to improve the efficiency
of agriculture production [26]. Ye et al. also studied the use of VR
to address poor spatial thinking ability and weak hands-on operation
ability for Tibetan-Chinese students in pastoral areas [27]. Urem et al.
discussed the use of VR to develop competencies and skills for young
people who want to develop their agribusiness [29].

To aid in the evaluation of e-learning and VR applications for agri-
culture, Jimenez et al. identified the most commonly used variables for
measuring the technology acceptance [28]. Their analysis showed that
computer self-efficacy, individual innovativeness, computer anxiety,
perceived enjoyment, social norms, content and system quality, self-
experience, and facilitating conditions are the most common variables
that determine technology acceptance. They found that a system’s
perceived usefulness was determined primarily by its perceived ease

of use, followed by content quality and perceived enjoyment, and
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the perceived ease of use was significantly influenced by self-efficacy,
perceived enjoyment, and self-experience.

To improve transparency in husbandry conditions and animal wel-
fare, Schütz et al. developed a virtual tour of a conventional pig farm,
showing study participants a 360-degree video on both a tablet and
VR headset [30]. They conducted interviews after the experience to
analyze the perceptions of participants and the differences between the
media devices. The results showed that participants described virtual
farm tours as a suitable tool to improve transparency and knowledge
transfer and to gain insight into animal conditions. They favored the
tablet for its usability and the VR headset for its realism and entertain-
ment value, but said that both devices were entertaining, which would
likely enhance their interest in engaging with the topic. However, their
simulation content was only video-based, not 3D virtual models, and
they did not involve any interactive virtual avatars or agents. They
claimed that the video sequences shown without additional explanation
were insufficient to help them understand the content. In our work,
we develop a 3D virtual farm environment with interactive virtual
characters and other context-relevant virtual models, such as animated
virtual cows, wagon, and milk tank, to see the effects of the virtual
simulation in the user’s perception and learning experience.

3. Virtual dairy farm simulation

In this section, we describe the details of how we designed and
developed our virtual dairy farm simulation.

3.1. Data collection for virtual dairy farm design

To design an accurate and realistic dairy farm simulation, we con-
sulted with both international researchers and local farmers. For in-
stance, we had an online meeting with Dr. Maxime Delsart (Veteri-
nary Medicine, École Nationale Vétérinaire d’Alfort) to learn from his
experience in developing a 360-degree video-based immersive farm
simulation [31]. The video experience that they developed was an edu-
cational tool for veterinary students to learn about biosecurity rules on
pig farms. Dr. Delsart provided a detailed description of the interactive
educational program including the interface options, content creation,
farmer narration, safety procedure, etc., which helped us design our
dairy farm simulation.

While collecting video/image footage on the web, we also visited
local dairy farms to collect photos, videos, and information about farm
operations in Alberta, Canada2 (see Fig. 1). An extensive collection of
videos and photos captured the barn’s layout, serving as a reference to
design a virtual environment that accurately portrays the real barn.

To ensure the authenticity and precision of our system, we closely
followed farmers and asked them questions to gain a thorough un-
derstanding of dairy farm operations. This offered valuable insights
that aided us in the design of our virtual dairy farm. For example,
the barn itself is divided into several spaces. An indoor area provides
a resting and feeding space for older calves and non-milking cows.
Milking cows occupy a cooler section where they can voluntarily enter
the rotary parlor for milking. Mother cows and their newborns are
segregated from the rest of the population in their own space. An
insightful revelation emerged from our conversations with the farmers
that cows tend to remain quiet unless they are unwell. This led us to
omit cow sounds from the background noise in our virtual simulation.

To respond to the public’s concern regarding antibiotic usage on
dairy farms, we also conducted a meticulous investigation. We scru-
tinized video documentation of the milking procedure on the farm
and engaged in conversations with farmers to acquire a comprehensive
perspective. We found that sick cows are administered antibiotics as

2 Breakfast on the Dairy Farm (2022): https://www.familyfuncanada.com/
algary/breakfast-dairy-farm/ (Accessed 2023-01-21).
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Fig. 1. Photos captured during the local farm visits.

per veterinarian prescriptions, and their milk is excluded from produc-
tion. Additionally, any milk dispatched from a cow within a specified
timeframe after its illness is promptly discarded. We also consulted with
nutritionists, who provided us with insights about the dietary menu of
cows on farms in Alberta. The knowledge we acquired during our farm
visits was integrated into our simulation to be communicated to the
user.

3.2. Farm layout and experience design

Inspired by our firsthand experience of actual farm visits, we chose
to model the farm environment as a continuous indoor space. Reflecting
the common practice of segmenting farms into distinct sections for
various groups of cows, we divided the virtual farm into five primary
areas: (1) cross-section, (2) feeding, (3) veterinary, (4) calving, and (5)
milking (see Fig. 2).

In the experience, VR users first find themselves in the cross-section
area, allowing them to explore the barn environment freely. However,
movement is confined to the indoor barn space. The detail of each area
is described below.

Cross-section area. The cross-section area, where users start their vir-
tual farm experience, connects the other four areas on the barn’s left
and right sides (Fig. 2). Here, information panels and videos are affixed
to the walls, allowing the users to read or view materials that provide a
deeper understanding of cow nutrition and animal welfare (Fig. 3(a)).
The videos were contributed by experts in animal welfare and agri-
culture research, including veterinarians, nutritionists, scholars, and
farmers. There is also a virtual nutritionist describing her role in the
farm. An example of the nutritionist’s speech is below.

‘‘Nutritionists work together with dairy farmers to plan each cow’s diet to
optimize health through nutrition based on her age and stage of lactation
and then customize rations or recipes to specific forages grown on farm.

Milking or lactating cows eat a different ration from cows...’’

https://www.familyfuncanada.com/calgary/breakfast-dairy-farm/
https://www.familyfuncanada.com/calgary/breakfast-dairy-farm/
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Fig. 2. A layout of our virtual farm design, which consists of five areas: feeding, milking, veterinary, calving, and cross-section areas.
Fig. 3. Sample scenes captured in the virtual dairy farm simulation: (a) the cross-section area where a virtual nutritionist and experts’ videos explain the cow nutrition and animal
welfare, (b) the feeding area with a virtual farm and the food pusher, (c) the veterinary care area with a vet, a food wagon, and an expert video, (d) the calving area where the
user can interact with one of the calves, and (e) the milking area with another farmer.
Feeding area. The feeding area is situated on the left side of the barn
(Fig. 3(b)). The area features 24 stalls on both sides, providing a space
for non-milking cows to eat and rest. Along the stall fences, there are
mixtures of grasses that cows consume. Access to cow stalls is restricted,
akin to an in-person farm visit experience. In the feeding area, users can
176
also observe a food pusher mechanism designed to move food toward
cows, as they tend to push it away while eating. This automated device,
commonly used on modern dairy farms, is showcased for observation.
Information detailing the functions of the food pusher is provided via a
text panel in front of the feeding area. Furthermore, within the feeding
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Fig. 4. Virtual agents: a nutritionist, a veterinarian, and two farmers (from left to
ight).

rea, users have the opportunity to engage with a virtual farmer who
iscusses the topic of antibiotic usage on dairy farms (see Fig. 4). An
xample of the farmer’s speech is below.

‘‘This cow has mastitis – it’s an udder infection. We try to avoid using
antibiotics too often, but for infections like this, she’s in a lot of pain and
she can’t produce good quality milk. I’m giving her antibiotics for 3 days;
that’ll clear up the infection. During the days she’s on antibiotics...’’

eterinary area. The veterinary area is located on the left side of
he barn, right next to the feeding area. It has a similar structure
f stalls and houses a number of non-milking cows. The area has a
ood mixer wagon, which is utilized to blend all dietary components
or cows and distribute the mixture among the stalls (Fig. 3(c)). The
etails of the dietary information and the use of the mixer wagon are
rovided via adjacent text panels. Complementary to these descriptive
isplays, various text panels are dispersed throughout the barn, offering
upplementary explanations regarding dairy products and cow care. In
he area, a virtual veterinarian stands beside a cow, elaborating on
er role in the dairy farming context (Fig. 4). The script and audio
ecording for the veterinarian agent were composed in consultation
ith certified veterinarians.

‘‘As a veterinarian, I work with farmers to create a vaccination program
that prevents their cows from getting common diseases. Every farm is re-
quired to have its own vaccination program under the rules of proAction,
which is a national quality assurance program for the Canadian dairy
sector...’’

alving area. Moving from the cross-section, participants arrive at
the calving and nursery area, designated for mother cows and their
newborns. There are three young calves that have been separated from
their mothers. When users approach a fence, an interactive button
interface appears so that they can engage with the calves by activating
the button that attracts a calf closer to the fence for drinking water (see
Fig. 3(d)).

Milking area. The milking area includes two subsections: the cows’
resting area and the rotary parlour. While users are unable to enter
the area where milking cows rest, they can access the rotary parlour
section. They can observe cows within a rotating parlour, preparing for
milking. The presence of pipes and cooling tanks in the room illustrates
the path taken by collected milk to reach the outside silos. While a
virtual farmer standing by the parlour explains the milking process,
a video panel also introduces technologies employed in dairy farming
(Fig. 3(e)). An example of the virtual farmer’s speech is below.
 (
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‘‘First, the cow walks up into the rotary parlour. I clean her udder with
a cloth and disinfectant to make sure everything is sanitary and clean,
then attach the milking units to her teats. After the cow is done milking
– which takes about 5 or 10 min – she leaves the rotary parlour and
goes back to the barn...’’

3.3. Virtual dairy farm development

Following the virtual farm design described in the previous sec-
tion, we developed our virtual dairy farm simulation in an immersive
virtual environment. Design is an iterative process [32–34], and in
order to capture the correct and realistic representation of the real
dairy farm and industry, we iterated upon a series of prototype testing
and ground-truth discovery with farmers, veterinarians, dairy industry
representatives, and animal welfare experts. To ensure accuracy, we
shared a video walkthrough of the virtual environment with a local
farmer for their evaluation, and adjusted the simulation based on their
feedback, such as the depiction of cows’ sleeping positions—cows typ-
ically favor one side while sleeping. Our commitment to accuracy also
extended to the animals’ care. We were rigorous to seek insight from
veterinarians, industry representatives, and animal welfare experts to
refine our system’s portrayal of care. After exhaustive validation, our
final virtual dairy farm simulation was formally launched for public
showcases and user research.

We used commercial off-the-shelf virtual models for the cows, but
we also hired a graphic designer to create 3D models and animation
schemes to improve the realism of the experience. In addition, we
included recurrent background sounds recorded on a real farm to
enhance the realism. Unity Gaming Engine (version 2021.3.1f1) was
used to create the simulation, and we used the OpenXR plugin (version
1.3.1) to ensure that the simulation was compatible with multiple
VR headsets for scalability. The final application was deployed on an
Oculus Quest 2.

For users to interact with the virtual environment, we allowed them
to use only the right-hand controller to streamline their experience.
We used the XR Interaction Toolkit3 for camera control, which allows
the user to rotate and teleport around the virtual space. To initiate
teleportation, users aim the controller toward the ground, directing
the emitted ray to their desired destination. While there is no limited
distance for traveling, access to certain parts of the virtual space is
restricted to avoid collisions between the user and the various models
we implemented. The color of the ray serves as an indicator of the
target location’s accessibility. For instance, the ray turns from white
to red when teleportation is not possible. As long as the ray remains
white, users should be able to teleport. To activate teleportation, users
simply press the index trigger on the controller, instantly relocating
them to the designated location. Snap turning is supported by tilting the
thumbstick in the preferred direction, effecting an immediate 45-degree
pivot.

We employed lifelike virtual human models and animations to
enhance the overall realism of the immersive experience. We used Mi-
crosoft Rocketbox library [35], which came with various virtual human
models and animation clips (see Fig. 4). Additionally, we recorded
human voices for character audio and utilized Salsa LipSync Suite4

to make realistic lip-sync. For the interaction of calling a calf in the
calving area, collision detection at the fences will trigger a calf to walk
toward the user for an immersive experience.

4. Experiment

We showcased the developed virtual farm simulation system at local
libraries and conducted a user study with the visitors to evaluate the
effectiveness of the developed virtual farm simulation as a tool for
public agriculture education.

3 Unity XR Interaction Toolkit: https://docs.unity3d.com/Packages/com.
nity.xr.interaction.toolkit@2.2/manual/index.html (Accessed 2023-01-21).

4 Salsa LipSync Suite: https://crazyminnowstudio.com/docs/salsa-lip-sync/
Accessed 2023-01-21).

https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@2.2/manual/index.html
https://docs.unity3d.com/Packages/com.unity.xr.interaction.toolkit@2.2/manual/index.html
https://crazyminnowstudio.com/docs/salsa-lip-sync/
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Fig. 5. An image capturing a participant immersed in the virtual barn environment.

.1. Participants

To validate the potential of our virtual farm simulation for public
ducation about the dairy production industry, ‘‘VR Dairy Farm’’ exhi-
itions were open to the public in the Taylor Family Digital Library and
he Calgary Public Library in November 2022.5 All participants were

visitors to the two libraries, who were interested in the experience.
The study was approved by the University of Calgary Human Research
Ethics Board (REB22-0819).

59 people participated in the study. However, we excluded 11
participants due to incomplete responses. Consequently, the data an-
alyzed in this work is derived from 48 (26 male, 19 female) out of the
initial 59 participants, whose ages ranged from 17 to 60 years, with
an average age (𝑀) of 32.3 years and a standard deviation (𝑆𝐷) of
1.16 years. Among these participants, 21 individuals reported no prior
xperience with VR devices. Additionally, 47 participants disclosed that
hey regularly consume dairy products, with 9 of them indicating that
hey restrict their dairy consumption due to various concerns, including
ut not limited to animal welfare, personal health, and environmental
onsiderations. In terms of their previous farm experience, 29 have
isited but not worked on a farm, 10 have never visited or worked
n a farm, and 9 have worked on a farm. Also, the average score on
heir self-reported dairy farm/industry knowledge was 2.04 (SD: 1.05),
hich is at the level of ‘‘slightly knowledgeable’’ on a 5-point scale (1.
ot knowledgeable at all – 5. Extremely knowledgeable).

.2. Settings - apparatus and study space

We used the Oculus Quest 2 headset for this study. Since all in-
eractions and movements can be done using the right controller, the
articipants only held the controller in their right hand. The first set
f exhibitions took place in the Taylor Family Digital Library on the
niversity campus. The exhibition space was located in a dedicated
losed room specifically designed for the development and testing of
R projects. People who frequented the library could spot posters on

he walls, which drew their attention and led them to visit the room to
o through the experience. The library staff were on hand to provide
ssistance.

The second set of exhibitions took place in an open area within
he Calgary Public Library (see Fig. 5). We strategically positioned

5 Experience a Dairy Farm in Virtual Reality: https://www.simpsoncentre.
a/events/VRdairyfarm/ (Accessed 2023-01-21).
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posters at the library’s entrance to attract visitors. Anyone intrigued
by the VR experience could easily access the designated area near the
entrance. Additionally, we set up a table where visitors could peruse
the study-related documentation.

To ensure the smooth operation of the showcase and assist members
of the public to engage in the virtual farm experience, we hired students
who acted as facilitators and monitors. These facilitators helped partic-
ipants adjust their headsets for optimal visibility of the virtual scene
and instructed them in the proper use of the right-hand controller. To
mitigate the risk of cybersickness and physical injury, participants were
instructed to remain seated on swivel chairs throughout the experience.

4.3. Procedure

The participants were given information sheets in advance that
informed them about the simulation and the potential risks that ac-
company the use of VR devices. After a facilitator assisted them in
wearing the headset, participants were recommended to go through
the optional tutorial, which is described below as an instruction scene,
before exploring the virtual farm. After completing all the tasks in the
tutorial, they were introduced to the barn scene, which we described
in Section 3. Participants could freely explore the barn for as long as
they wanted. After completing the experience, they had the option to
voluntarily complete questionnaires.

Instructional scene. Because this project engaged a diverse public audi-
ence spanning several demographics, participants may lack familiarity
with VR technology or require time to learn new technical concepts.
Consequently, we developed an instructional scene to guide partici-
pants in how to use the system before immersing themselves in the
virtual farm environment. Those who opted for the tutorial were intro-
duced to a virtual room where they followed step-by-step instructions
to complete various tasks instrumental to interacting with our system.
Participants learned to interact with the user interface and virtual
human agents, and how to utilize teleportation to navigate. Once all
tutorial tasks were accomplished, they gained access to the primary
scene, the expansive farm setting.

4.4. Measures

To assess the usability of our virtual farm simulation and gather
participants’ perceptions of the virtual experience, we administered a
questionnaire that included standardized questions as well as custom
ones on a 5-point Likert scale (1: Strongly Disagree, 5: Strongly Agree).

Usability. The usability of the system indicates if the system is effective
and easy to use. The System Usability Scale (SUS) [36] was used to
evaluate the usability of our developed virtual farm simulation. The
SUS has been widely used to assess systems. This scale, consisting of
ten questions, serves as a valuable metric for evaluating the effec-
tiveness and user-friendliness of a system. By collecting user ratings
and applying a specific calculation method, we can derive a system’s
SUS score. To calculate this score, each participant’s ratings for the
individual questions are summed, and the total is then multiplied by
2.5. This transformation converts the original scores, which range from
0 to 40, into a more intuitive 0–100 scale—typically, a SUS score of 68
is considered average [37].

Trustworthiness. We aimed to provide accurate information about the
dairy industry and local dairy farms through the developed virtual farm
simulation. To assess the participant’s perception of the authenticity of
the provided information in the simulation, we prepared a question:
‘‘The things I saw in the VR experience seemed trustworthy and unbiased’’.

Knowledge Gain. To evaluate whether our virtual farm simulation
could give the participants an opportunity to learn about the dairy
farm and industry or not, we also measured the participant-perceived
knowledge acquisition using a question: ‘‘I learned new things from the
VR experience’’.

https://www.simpsoncentre.ca/events/VRdairyfarm/
https://www.simpsoncentre.ca/events/VRdairyfarm/
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Table 1
Usability and perception score statistics.

Variable (Range) Median Mean Std. Deviation

Usability (0–100) 60.00 63.91 16.64
Trustworthiness (1–5) 4.00 3.65 1.18
Knowledge Gain (1–5) 4.00 3.92 1.09
Education Fit (1–5) 4.00 4.33 0.69
Dairy Awareness (1–5) 4.00 3.88 0.91
Recommendation (1–5) 4.00 4.38 0.70

Education Fit. To assess the potential of our virtual farm simulation as
a useful tool for public education, we included a question: ‘‘This VR
xperience is a useful platform for public agricultural education’’.

airy Awareness. Our virtual farm simulation aims to enhance partici-
ants’ awareness and understanding of the dairy industry. To measure
he impact of the virtual experience on their dairy awareness, we
ncluded a question: ‘‘This VR experience helped me understand the overall
airy farm environment and food production’’.

ecommendation. As an indirect measure of the perceived value of our
irtual farm experience, we asked participants for their willingness to
ecommend it to other people using a question: ‘‘I would recommend this
R experience to my friends and family’’.

evel of Interest. To assess the participant’s level of interest in dairy
arming before and after the virtual farm experience, we included two
uestions: ‘‘What was your level of interest in dairy farming before this VR
xperience?’’ and ‘‘What is your level of interest in dairy farming now?’’
1: Not interested, 5: Very interested).

ord Choice. Additionally, we asked a word-choice question, ‘‘What
ords describe your VR experience?’’ where multiple options were avail-
ble: (positive words) educational, fun, exciting, easy to navigate;
negative words) difficult to navigate, confusing, glitchy, challenging.

. Results

Both descriptive and inferential statistical analyses were conducted
n the measurements collected from 48 participants. We began by
resenting descriptive statistics, such as means and standard deviations,
or all measurements to assess the overall user evaluations of the vir-
ual farm simulation. Additionally, we explored potential relationships
nd patterns in the data by examining the correlations among the
easurements. We then conducted a non-parametric statistical analysis

a paired Wilcoxon signed rank test) to determine if there were any
ignificant differences in user evaluations, specifically on the level of
nterest in dairy farm/industry in terms of the timing of evaluations
i.e., before and after the virtual farm experience). These analyses col-
ectively provide a comprehensive understanding of user perceptions,
nabling us to draw meaningful conclusions about the virtual farm
imulation’s user experience. The significance level was set at 5%.

.1. Overall descriptive statistics

To capture the overall scores on the usability and perception mea-
ures: trustworthiness, knowledge gain, education fit, dairy awareness,
nd recommendation, which we describe in Section 4.4, we present
he descriptive stats of all these measures (see Table 1). For more
etails, we also report the histograms of all these measures to show
he participant distributions in the scales (see Fig. 6).

The reported usability score of our virtual farm simulation was a
it lower than the common average score (𝑀 = 63.91 out of 100, 𝑆𝐷
16.64). However, for all other measures, the participants perceived

hat the virtual farm experience was positive and useful. In general,
hey thought that the provided information was trustworthy (𝑀 =
.65, 𝑆𝐷 = 1.18), they learned new things (𝑀 = 3.92, 𝑆𝐷 = 1.09),
he simulation was a useful education tool (𝑀 = 4.33, 𝑆𝐷 = 0.69),
 l
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Fig. 6. Histograms for the measures: usability, trustworthiness, knowledge gain,
education fit, dairy awareness, and recommendation. Red line is median. Dashed line
is mean.

the virtual experience improved their dairy farm awareness (𝑀 =
3.88, 𝑆𝐷 = 0.91), and they would recommend this experience to their
acquaintances (𝑀 = 4.39, 𝑆𝐷 = 0.70).

5.2. Correlations

We conducted Pearson’s correlation tests to analyze the relation-
ships among the measures. Our findings revealed weak to moderate
correlations between some of the measures, and these correlations
were statistically significant. The details of the correlations are shown
in Table 2, and for those with statistical significance, we draw the
detailed distributions and lines of best fit to visualize the correlations in
Fig. 7.

Education Fit was positively associated with several measures: a
weak correlation with Usability (𝑟(46) = .341, 𝑝 = .018), a weak
correlation with Knowledge Gain (𝑟(46) = .319, 𝑝 = .027), and a

oderate correlation with Recommendation (𝑟(46) = .479, 𝑝 < .001).
his means that the increase in Education Fit was correlated with the

ncreases in the other measures.
Similarly, Dairy Awareness also had positive correlations with sev-

ral other measures: a weak correlation with Education Fit (𝑟(46) =
335, 𝑝 = .020), a moderate correlation with Knowledge Gain (𝑟(46) =
460, 𝑝 = .001), and a moderate correlation with Trustworthiness
𝑟(46) = .413, 𝑝 = .003). Again, this indicates that the increase in Dairy
wareness was correlated with the increases in the other measures

isted above.
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Table 2
Pearson’s correlation coefficients among the measures and the statistical significances.

Variable Usability Trustworthiness Knowledge Gain Education Fit Dairy Awareness Recommendation

Usability Pearson’s r –
𝑝-value –

Trustworthiness Pearson’s r −0.129 –
𝑝-value 0.382 –

Knowledge Gain Pearson’s r 0.203 0.259 –
𝑝-value 0.166 0.075 –

Education Fit Pearson’s r 0.341 0.122 0.319 –
𝑝-value 𝟎.𝟎𝟏𝟖* 0.410 𝟎.𝟎𝟐𝟕* –

Dairy Awareness Pearson’s r 0.110 0.413 0.460 0.335 –
𝑝-value 0.458 𝟎.𝟎𝟎𝟑** 𝟎.𝟎𝟎𝟏** 𝟎.𝟎𝟐𝟎* –

Recommendation Pearson’s r 0.327 0.113 0.320 0.479 0.108 –
𝑝-value 𝟎.𝟎𝟐𝟑* 0.446 𝟎.𝟎𝟐𝟕* < .𝟎𝟎𝟏*** 0.467 –

* 𝑝 < .05, ** 𝑝 < .01, *** 𝑝 < .001.
Fig. 7. Correlations among the measures with statistical significances (* p < .05, ** p
< .01, *** p < .001). Multiple points are replicated at the same location in the figures.

Recommendation (participant’s willingness to recommend this ex-
perience to others) was also weakly associated with Usability (𝑟(46) =
.327, 𝑝 = .023), and Knowledge Gain (𝑟(46) = .320, 𝑝 = .027). This
shows that the increase in Recommendation was also correlated with
the increases in Usability and Knowledge Gain.

5.3. Level of interest in dairy farming

To understand how the virtual farm experience could influence
the participant’s level of interest in dairy farming, we used a paired
Wilcoxon signed-rank test on the Level of Interest. The result shows an
180
Fig. 8. The increased Level of Interest in dairy farming after the VR experience. The
accompanying means and standard error bars are displayed.

increase in the participant’s interest in dairy farming after the virtual
experience (𝑀 = 3.042, 𝑆𝐷 = 1.071) compared to the interest level
before the experience (𝑀 = 2.792, 𝑆𝐷 = 1.304); 𝑍 = −1.773, 𝑝 =
0.033 (see Fig. 8). This indicates that our virtual farm simulation could
encourage the participants to learn more about dairy farming and the
industry.

5.4. Word choice

Regarding the word-choice question, ‘‘What words describe your
VR experience?’’, a majority of the participants positively reported
that the experience was educational (𝑁 = 31), fun (𝑁 = 28), and
exciting (𝑁 = 25) (see Fig. 9). Although there were some participants
reported that the navigation mechanism was a bit difficult, the number
of participants who chose negative words, i.e., confusing, challenging,
glitchy, was fewer than 10. This indicates that the developed virtual
farm simulation was perceived as a fun, exciting, and effective learning
tool for public education about dairy production.

6. Discussion

6.1. Key findings

In this research, we aimed to address three high-level research
questions introduced in Section 1. Regarding those questions, first, we
wanted to study whether our virtual farm simulation could be perceived
as an effective public education tool or not. Based on the results that
we extracted from our study participants’ responses, the developed
virtual farm experience was perceived positively in general. Although
the usability score of our system (𝑀 = 63.91) did not fall exactly within
the satisfactory range according to Sauro [37], the scores on other
perception measures including Education Fit, Knowledge Gain, and

Recommendation were high. The relatively low usability score could be
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Fig. 9. Results of the participants’ responses for a question, ‘‘What words describe your
VR experience?’’ The number of participants who selected the word is shown. Green
and orange bars are positive and negative words, respectively.

explained by the discomfort in the navigation mechanism as the par-
ticipants reported in the word-choice question—ten participants chose
‘‘difficult to navigate’’ using the VR controller in the immersive virtual
farm environment. The positive assessment of our farm simulation as
an education tool could also be supported by the positive words that
the participants selected, e.g., educational, fun, and exciting, describing
the virtual experience, as well as the high score in other measures, such
as the perceived knowledge gain.

Second, we conducted a correlation analysis to explore the rela-
tionships between various measures that we have in the study, and
found several significant correlations between some of them. Positive
correlations were found between the perception of Education Fit and
Usability, Knowledge Gain, Dairy Awareness, and Recommendation.
This suggests that participants who viewed the system favorably in
terms of its educational suitability also tended to rate the system higher
in terms of usability, reported increased knowledge gain, demonstrated
heightened awareness of the dairy industry, and were more likely to
recommend the system. However, it is important to note that corre-
lation does not imply causation, and these findings only highlight the
statistical associations observed in our study. Additionally, individuals’
personal perspectives on how food production looks and the disparity
may impact their perception of the content quality, which we may need
to consider in understanding the meaning of the results.

Third, we wanted to investigate the effect of a virtual dairy farm
simulation on user’s motivation to learn about the dairy farming in-
dustry. We found that there was a significant increase in participant’s
interest after using our system. Overall, participants rated the experi-
ence as educational and entertaining based on the positive words that
they selected to describe our virtual farm experience. This is in line
with the work of Schütz et al. which addressed that a VR experience is
favored for its realism and entertainment value, compared to a tablet
application [30]. Also, they perceived that they could learn about the
dairy farm/industry from the virtual experience, i.e., the high score
in Knowledge Gain, and expressed their willingness to recommend the
system to their friends and family. The correlations we found between
Dairy Awareness and Knowledge Gain could also be related to this
learning motivation—e.g., as people learn, they want to learn more.

6.2. Limitations and future work

While our virtual farm simulation generally received positive feed-
back, we have also identified certain limitations that will guide our
future work. As addressed above, there were several negative impres-
sions about the virtual farm experience, e.g., difficult to navigate,

glitchy, challenging, and confusing. We did not particularly focus on
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the perceived cybersickness [38] during the experience in our study,
but the difficulty and glitches during the navigation may have caused
an unpleasant sense of motion sickness or discomfort while using
an immersive head-mounted display (HMD), which could impact the
usability score. Also, as VR, especially immersive HMDs, is still not
a common household technology, the participants may not be famil-
iar with the use of these novel devices [39]. As the pervasiveness
of the technology grows, or as the technological literacy of society
improves [40], this may resolve itself, but further development in our
case can work to improve the user experience.

Also, the current study was conducted effectively in an in-the-wild
setting with random participants in public libraries; however, it did not
involve any other mobile or desktop systems for formal comparisons.
Comparative studies can be conducted to evaluate the effectiveness of
VR-based education compared to other conventional methods, such as
social media campaigns or school curriculum integration. For example,
Schütz et al. revealed that the usability of VR was rated lower than
the tablet [30]. Our results show that our participants reported slightly
below-average usability as well; however, further investigation in a
formal comparative study is required. Additionally, the libraries serving
as our exhibition sites may attract a public with a specific interest in
literacy. We should note that this could introduce a potential bias in
the research focused on dairy farms and industry education.

In addition, future studies can further investigate the long-term
impact of the VR experience on consumer behavior and the potential
for widespread adoption of VR-based agricultural education initia-
tives [41]. The research can also explore ways to enhance collaboration
between the agriculture industry, educators, and technology developers
to create more comprehensive and informative VR experiences for the
public [42].

7. Conclusions

It is important to bring accurate information about agricultural
production to consumers so that they can understand how farmers
produce the food they eat and so they can develop trust in the industry.
Bringing transparency to the agri-food system through immersive VR
experiences can build public trust in food and farmers, address hesita-
tion or misunderstanding about production practices, such as the use
of new technologies, and help consumers make more informed choices
at the grocery store.

In this paper, we presented an immersive VR-based dairy farm sim-
ulation for public users (e.g., dairy product consumers) to experience
and learn about how dairy products are produced in healthy farm
environments. The results of our showcases involving study participants
showed that the developed system was perceived as an effective and
useful learning tool to provide authentic information to consumers,
while also encouraging them to learn more about the dairy farm and
industry.

This project will continue extending the features of the VR ex-
perience, e.g., more interactive activities with virtual entities in the
simulation for better learning outcomes and motivation. For example,
in the updated version, users should be able to have a first-hand
experience interacting with virtual processes on the dairy farm, such
as milking the cow and operating the milking machine. We will also
develop a multi-user communication feature to connect farmers and
consumers in the shared virtual space. We plan to create different
virtual simulations beyond the scope of dairy production, to cover
various types of agri-food industry, e.g., pork, poultry, and aquaculture.
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