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Abstract. Today, virtual reality and augmented reality can allow people to interact
with products and places in a very realistic way. In this direction, the use of
immersive virtual tours (VTs) can improve the users' experience, their perceptions,
attitudes and even intended behaviours as potential or actual consumers. The paper
focuses on a traditional Italian cheese product and defines a transdisciplinary,
multimodal approach where VT helps the remote customer experience based on a
VT application to virtually visit a Parmigiano Reggiano cheese dairy, using cutting-
edge virtual reality set-up. The paper describes how to create a virtual tour of
industrial plants by mapping the main actions, from the storytelling definition, to
the plant digitization, until the creation of the virtual, immersive and multimodal
application using Unity3D. The VT combines visual experience with gesture
recognition and audio stimulation, adding also olfactory cues, in order to create an
interactive and realistic experience.
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Introduction

Virtual Reality (VR) technologies are able to create interactive, digital environments to
give users the illusion of displacement to another location, also simulating different tasks
[1]. To achieve this result, a set of technologies (e.g. head-mounted display, input
devices, motion capture) are used to interact with an artificial scenario, digitally
simulated with a high-performance computer, reproducing a real world or creating an
imaginary environment. Nowadays, VR applications are increasingly widespread due to
the reduced cost of devices and the development of robust platforms that can limit the
programming effort [2]. VR applications can range from design to manufacturing,
comfort assessment and training, from medicine [3] to industry [4], museum [5] and
marketing [6]. However, even though VR promises to be validly used for consumer
marketing, its potential impacts are currently not well understood [7]. In particular, the
combination of VR and 360° videos to create some novel marketing experiences has not
been exploited in a meaningful way yet [8], although is actually not exploited. Moreover,
the Covid-19 pandemic situation emphasized the need of new marketing solutions in
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order to promote remote experience of products and places. In the last year, VR offered
a risk-free way to escape the destination and travel in a safe and comfortable way [9].
In this context, VR could be used to ensure the creation of an interactive and engaging
tours with the scope to emotionally affect the user and raise his/her awareness about the
culture of a typical product and its origin, encouraging consumers from all over the world
to visit physical dairies and to buy products. Companies can share with their customers
an immersive, realistic experience with the product and the production process. From
literature review, it emerged that VTs are already used for retail purposes, mainly based
on 360 images and videos [10], but customers are barely involved in the process of
production to raise their interest in the product. The aim of the research is using VR to
replicate the customer experience lived by users inside the production site, choosing one
of the main Italian well-known agri-food products, the Parmigiano Reggiano (PR)
cheese. The adopted approach was defined transdisciplinary as it integrated computer
sciences, engineering disciplines and user-centered design approach together with
marketing issues, dissolving the boundaries between them, and promoting learning-by-
doing. It was possible by applying technical virtual simulations with a novel marketing
scope. This work describes how to use VTs to create a remote customer experience and
validate this approach on the mentioned case.

1. Research background

In recent decades, the ever-increasing technological innovation, the world
interconnection and the lower cost of technological devices have grown a strong
motivation towards the digital world, especially in the retail context [11]. The application
of immersive virtual technologies is aimed at supporting experience simulation, as well
as training [12], in a variety of different application areas, ranging from therapy [13],
marketing [14,15], gaming [16], film industries [17], education [18,19], art and museums
[20], sales al retail [21], tourism [22], until to wine tourism gastronomic [23]. VR tools
are able to digitally reconstruct the real world, including spaces and objects, that can be
explored through appropriate devices, interacting with production sites and products.
Focusing on the marketing sector, virtual simulation can lead a consequently positive
impact on the user's purchasing decisions by showing remotely the product and/or
production process features [24]. For instance, companies can give an immersive virtual
tour to potential customers, able to simulate an actual interaction with the product and
the production site even from considerable distances, practically all over the world.

Moreover, the last pandemic scenario due to COVID-19 accelerated the need to
create VTs as a real opportunity to effectively bring people in places they cannot visit.
Indeed, VTs can easily give access to a specific location in a remote way [25,26], a
museum [27], a process or a product production for marketing purposes [28] or a specific
tourist attraction [29,30]. In addition, VTs could be also used for educational scopes, for
students’ learning [31] or tourists’ education [19]. The majority of VTs are “static”
considering the user in a fixed position viewing a 360° image [32] or experiencing an
engaging 360° video [33]. On the contrary, a VT is more immersive and interactive, and
enables the user to freely move into the scene, being involved in specific tasks thanks to
a responsive scenario.
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2.  Methodology

This paper proposes a methodology to effectively build interactive VTs to empower local
products marketing and sales. For this purpose, the new proposed methodology aims at
creating a remote customer experience with the final goal to improve the number of
people visiting the production site and improve the product sales, also in different
geographical areas, using a user-centered approach, starting from the user research and
user needs’ definition. The method uses several VR technologies to create an interactive
simulation by combining 360° videos with interactive virtual scenes to stimulate the
users’ multi-sensorial involvement and provide a valuable customer experience in a
remote way.

The methodology exploits a set of software and hardware devices as shown in Figure
1. First of all, Unity3D is the main development platform for generating virtual and
immersive contents to create a true-to-life simulation. Moreover, a specific VR platform
(SteamVR) is used to enjoy the VR space wearing a head mounted display (HMD),
managing specific camera settings to adjust the correct user’s point of view. Video
editing software tools (Insta360 Studio 2020 and Premiere Pro) are used for video
recording and post-processing. In addition, Blender is adopted for 3D modelling and
high-quality rendering. Finally, Reaper was useful for audio editing and recording
correction about the audio storytelling by the narrative voice.

Software tools:
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Figure 1. Adopted software and hardware tools.

About hardware devices, the HTC Vive pro eye is used as HMD; it is equipped with
32 infrared sensors for 360-degree tracking, a gyroscope, an accelerometer, and a laser
position sensor. The Leap Motion controller allowed hand tracking and gesture
recognition to make users interact with its bare hands. Hands position, even the fingers,
are tracked with high-precision infrared camera system and digitalized by complex
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mathematical algorithms. For shooting immersive contents and digitizing real sites, a
360 camera (Insta 360 One X) is used together; a reflex camera (Nikon D3500) is used
then for texture gathering. A smartphone is adopted for the One X camera remote control,
for streaming in real time the camera point of view and light-effect settings. At last, a
high-quality recorder (Roe Microphone NT1A) is used for audio recording.

Using the proposed set-up, five phases are defined to create a VT simulation as shown
in Figure 2, according to a user-centered approach.

[PHASE 1 }—'[ PHASE 2 ]—‘[PHASE 3 PHASE 4 PH-\SE

) ¥
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the production Tests with users

( User research Pr?ducﬁu_n site W

nspection site
The first step for the VT creation is the User research. It allows analysing the main
consumer users, understanding their habits, needs and motivations. A sample of potential
customers is usually interviewed and asked to fill a questionnaire to define their profile.
In order to achieve this target, personas could be an effective way to define different
profiles. Personas are fictitious, specific, concrete representations of target users’ [34].
The personas are investigated during the pre-work studying. The answer is: What are the
potential clients to whom it may concern?
The second phase is the Production site inspection. After visiting different production
sites, we choose the best location for video shooting. After that, the production process
is analysed in order to identify the main steps and narrated by marketing-oriented
storytelling [35]. During the inspection, we need also define the type of digitalization to
apply, between a) capturing the physical scenario with a digital 360° camera, or b)
digitally creating the scenario by CAD models and materials with real textures. The
choice mainly depends on specific location characteristics and level of interaction of the
final VT. The advantage of recording 360° videos is high-fidelity with the real production
site, while 3D model reconstruction permits user’s interaction with objects.
After that, the Digitization of the production site is realized by both 360° video recording
and 3D CAD models creation, as decided in the previous phase. In the former case, the
main challenges are: positioning the camera in the best place (avoiding principal
character in stitching area, the fish-eye effect, and keeping a certain distance from walls,
people, and objects), and controlling video framing to capture every detail throughout
the surrounding space. If objects require a high-level of detail, it is desirable to use a
specific software in order to reproduce the true-to-life textures in the virtual environment.
Subsequently, the attention is dedicated to the Creation of the virtual interactive
environment. VR devices must be firstly settled and integrated, depending of the VT
creation needs. The stereoscopic reproduction of 360° videos need to map the video into
a sphere to project the recording in the virtual world, while the creation of interactive
scenes starts modelling the virtual scenario, represented by walls, ceiling, ground and
setting of light condition, and importing 3D models of virtual objects. Moreover, objects’
behaviours must be settled to create the desired interaction with users. Usually, also audio
feedback must be added for a realistic experience. All scenes are then grouped within a
customized script to allow the user to navigate the VT.

Creation of the
interactive
virtual
environment

Figure 2. Step by step methodology.
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Finally, Tests with users are organized to validate the VT effectiveness and impressions.
It is based on the analysis of the users’ subjective impression and behaviours during the
virtual experience. Users are asked to compile a pre-test questionnaire about
demographic data, familiarity and level of expertise with VR tools, and knowledge on
the specific product. After testing, users are asked to compile a post-test questionnaire
about personal judgement and impressions about the quality of the experience during the
VT simulation (e.g. engagement, easy to use, level of interest, sickness).

3. Case study

The case study refers to the visit to a dairy of a typical Italian product, the Parmigiano
Reggiano cheese. The main scope is creating an immersive and interactive VT able to
make users experiencing the main phases of cheese production and recreate the most
relevant sensory aspects in a remote way. In this way, the virtual visit can be offered to
a huge variety of potential customers who cannot physically go to the specific territory.
It will open main opportunities for the producing companies to extend their market
reaching a wider public with respect to the current physical visits.

Phase 1 focused on user research and aimed at understanding the target users and
defining their features. Several personas were defined in the research; an example is
represented in Figure 3.

Phase 2, about the production site inspection, involved different production sites in
the Emilian territory, more specifically in the Modena area. Among all dairies, the “4
Madonne” cheese factory was chosen for video shooting
(https://www.caseificio4madonne.it/). Different areas inside the dairy were selected,
representing the main steps of the production process. A storytelling was defined as
described in Figure 4.

Phase 3 was about the digitization of physical scenarios, using the Unity3D platform.
The VT was structured in five different scenes, properly linked one after the other, as
follows:

Welcome virtual scenario;
360-videos of the entire PR production (from milk preparation to ageing);
Beating virtual scenario;
Fire branding virtual scenario;
5. Virtual tasting.

The first scene reproduces an entrance hall, in which the visitor meets the avatar (in
this case, a dairyman) that guides him during the VT and provides useful information
about the production process. When the simulation starts, an avatar tour guide begins to
narrate the product origins. Different information panels were introduced in the scene in
order to enrich the experience of the visitor: a territory map showing the cheese
production area, infographic about the production process, and an interactive panel to
listen to additional information by pushing one of the panel buttons like in a tablet
interface (e.g. in-depth history, biodiversity, territory, consortium, counterfeiting, list of
dairies).

In the second scene, 360-videos of the real production process were edited and
mounted in order to highlight the main phases of production, paying attention to avoid
image distortion and stitching issues. To increase the level of immersion, the narrating
voice is balanced with the environmental noise of the production area. In this case, the
scene is automatically changed at the end of the videos.

bl e
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DESCRIPTION

Always passionate about good food, she began to approach
the culinary world from a very young age. She has been
working in a restaurant for 5 years as waitress.

She likes to travel to discover the typical products and the
whole Italian territory. She is especially interested in knowing
the history of the products and taking inspiration for new
recipes that enhance the properties of food.

NEEDS AND EXPECTATIONS

She wants to be able to get in touch with the various Italian
food cultures, in order to increase her knowledge even at a
distance

ACTIVE
EXPERIENCE
SLOW
FRUITION
INTEREST
FOR
EMILIA S50
INTEREST
FOR
BB
AGE: 32
CITY: Cagliari, Italy FAST
% FRUITION
§ PASSIVE
WORK: Waitress prASSE

Figure 3. Example of personas from User research

@2 &

INTRODUCTION MILK PROCESSING CURD KNIFING CHEESE WHEEL SALTING AGEING, QUALITY TASTING
CREATION ISPECTION AND
FIRE BRANDING

Figure 4. Storytelling for the Parmigiano Reggiano production process.

The third scene referred to the beating of cheese wheels, which takes place in the
seasoning warehouse. It is an interactive scene since the user is invited to carry out a
beating task on his own, exploiting VR devices. The user can use a particular gavel and
beat a cheese wheel in specific points of the surface, looking at an expert. When the gavel
hit the cheese wheel, the visitor hears the typical sounds, that vary depending on the
specific point of the wheel.

The fourth scene is probably the most impressive one and referred to the cheese
wheel branding. This phase takes place in the seasoning warehouse where the user is
invited to pick up the marker and engrave the consortium stamp on the lateral side of the
cheese wheel. In order to improve the realism of the scene, a flame animation was
implemented and when the marker collides with the cheese surface, a small column of
smoke rises from emulating the real effect.
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The last scene is about cheese tasting and aims to involve the consumer to finally
buy the product. The avatar tour guide describes the tasty peculiarity and the aftertaste
sensations that characterizes each cheese ageing (e.g. 12, 18, 24 and over 36 months).
Every ageing is also described by the ingredients individuated as aftertaste to be
combined with the tasting, to create the proper desire to taste. Figure 5 shows examples
of the implemented scenes in the VT.

Figure 5. Examples of VT scenes: welcome virtual scenario (up-left), the beating PR scenario (up-
right), the fire branding virtual scenario (down-left), the virtual tasting (down-right).

4. Results

The proposed VT was qualitatively evaluated by a preliminary test carried out in Lab
environment involving 8 users recruited from university employees. Users range from
20 to 40 years old, 75% male and 25% female. The sample of users is made of 50% VR
experts or middle-experts, and 50% completely inexperienced. The VT lasted
approximately 20 minutes for each user, excluding the calibration device phase before
each session. A set of metrics was defined to assess the quality of the virtual experience
as summed up in Figure 6. Each user was asked to judge the quality of the lived
experience according to a 5-point Likert scale using the post-test questionnaire. Table 1
shows the collected results. Results were also presented by a bar graph in order to better
show the main significant metrics, as reported in Table 1. A low average value for
Sickness (2,0) indicates a good quality of the virtual simulation and comfort of the overall
experience. This is due to the high refresh rate and a high- quality rendering offered by
the selected devices. The high score values obtained for Immersion level (4,5) and
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Realism (4,1) demonstrate the effectiveness of this type of simulation. Thanks to the
high-quality rendering reconstruction, an effective life-like reproduction of the entire
production process is achieved. Also, Level of interest (4,4) and Engagement (3,9)
reported high scores, highlighting the good user involvement and the high emotional
involvement of the users, demonstrating the potential success of the proposed marketing
strategy. Moreover, the scenes’ structure was settled up with an intuitive interface, as
demonstrated by Ease to use score (4,3). Although these final scores don’t have statistical
significance, they can provide useful information on the perception of the user's

experience about the proposed VT.

Table 1. Users’ test values from evaluation questionnaires.

5.

The study highlighted the strengths of the new digital technologies and their important
role in the development of remote user experience. Indeed, VR tools could replace the

Conclusion

Figure 6. Average scores from qualitative users’ assessment.

Userl User2 User3 User4 User5 User6 User7 User8 Aver.
Engagement 4 5 3 5 4 4 4 2 3,9
Level of interest 5 4 5 5 5 4 4 3 4.4
Ease to use 4 4 5 5 4 5 3 4 43
Immersion level 4 5 5 5 4 5 5 3 45
Realism 3 4 5 5 4 4 5 3 4,1
Sickness 2 1 2 4 2 1 1 3 2,0
Average
i |
coecroce |
overot reres |
creceemers |
0 1.0 2,0 3.0 4.0 5,0

il
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static experience of e-commerce sites by offering the possibility to virtually visit a
production site thanks to an interactive experience. Results obtained from preliminary
tests showed a general positive evaluation of the VT: thanks to the transdisciplinary
approach, users can live an immersive tour that simulates the user interaction, improving
the user knowledge about the production process, and further augmenting what users
usually live during the traditional visit. Moreover, the VT was able to overcome the
geographical barriers, making a visit feasible also when it is not possible. This aspect
assumes a particular importance in the recent Covid-19 scenario, when social distancing
is affecting on-site visits and consequently sales. As a result, the remote experience by
VTs can relaunch local companies promoting their products worldwide. Future works
will focus on the comparison between the experience lived by the proposed VT and by
the classical physical tour, using a larger statistical sample of users, in order to validate
the effectiveness of this tool and the impact on sales intention. Moreover, feedback from
users during and after testing will be investigated also by adopting wearable devices (e.g.
heart-band, smartwatch) to collect physiological data to quantify the users emotional
state, and extending the user sample. In addition, also intention to buy will be
investigated.
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