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Abstract. Dining is increasingly defined by an interplay of sensory, so-
cial, psychological, and environmental factors, with restaurants striving
to create unique atmospheres that go beyond mere food consumption.
Emerging digital technologies, such as eXtended Reality (XR), can sig-
nificantly enrich these experiences. However, they are still understudied
and a research gap remains in understanding how to leverage XR to in-
tegrate physical dining elements with digital augmentation. The present
study reports on the development and preliminary evaluation of a Mixed
Reality (MR) application aimed at enriching the dining experience within
an Hybrid Restaurant. Deployed on the Meta Quest 3, the MR system
integrates physical elements with digitally augmented settings, thereby
providing an ecological platform for controlled dining research within hy-
brid environment. To assess the system, 12 participants were involved in a
feasibility task within a Hybrid Restaurant. Both objective behavioural
data (i.e., food and beverage consumption modalities) and self-report
measures (i.e., perceived comfort, user experience, emotional response,
cybersickness, and sense of presence) were collected. The findings suggest
that the MR environment supports intuitive eating and drinking without
disruption. Participants reported feeling comfortable eating with both
cutlery and their hands, and a preference for drinking with a straw, which
minimized interference with the head-mounted display. Furthermore, the
immersive setup elicited a sense of presence with negligible adverse effects
and positive overall user experience. The approach offers significant in-
sights for researchers exploring multisensory interactions in dining while
providing restaurateurs with innovative strategies for prototyping and
enhancing customer engagement through digital augmentation.
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1 Introduction

Dining at a restaurant is far more than simply consuming food, it is a compre-
hensive and immersive experience that engages multiple senses and psychological
dimensions. The dining experience encompasses a complex interplay of factors,
including the quality of food, social interactions, service quality, and the atmo-
sphere [13,35]. Both researchers and restaurateurs have dedicated considerable
attention in studying the role of the physical environment in shaping the din-
ing experience [5,32,53,56]. Previous research demonstrates the impact of a
restaurant’s atmosphere, showing how interior elements such as ambient factors,
design factors, and social factors [3, 20, 62] impact customers’ expectations and
emotional states, thus influencing their overall experience [34, 60].

In recent years, there has been a growing trend toward hybridizing the phys-
ical and digital environments within dining contexts [24,40]. This convergence
aims to evoke richer emotional and multisensory experiences that integrate dig-
ital technologies to enhance or transform the traditional dining ambiance. No-
table successful applications include Le Petit Chef [10], which employs projection
mapping to turn the dining table into a dynamic, animated canvas that unfolds
a captivating narrative throughout the meal [5]. Similarly, The Fat Duck [14]
has become synonymous with multisensory gastronomy, artfully integrating un-
expected soundscapes and imaginative presentation techniques to create an im-
mersive culinary journey that transcends traditional dining [47]. Among the
emerging technologies reshaping this landscape, eXtended Reality (XR) holds
significant potential to increase customer experience [16, 5]. XR refers to an um-
brella term that includes various technologies extending the physical reality (e.g.,
Augmented Reality, Mixed Reality) or replacing it with a completely virtual ex-
perience (e.g., Virtual Reality) [29]. The application of XR, in the restaurant in-
dustry suggests its potential to foster deeper sensorial engagement and emotional
involvement, thereby shaping customer perceptions in meaningful ways [57, 70].
Although XR holds great promise, its application in dining experience design
remains relatively under-explored.

In this context, we aim to explore new approaches to enrich the dining experi-
ence through hybrid environments. To achieve this, we leverage XR technologies,
which offer new opportunities for investigating environmental influences on din-
ing by allowing controlled modifications while maintaining an ecological setting.
In particular, we have developed a Mixed Reality (MR) application, as MR en-
ables the seamless integration of physical and virtual elements. This approach
preserves key tangible components of the dining experience within a restaurant,
while allowing for the dynamic modification of selected environmental features.
The system serves as a flexible research platform, enabling the controlled manip-
ulation of different variables of interest to explore multiple aspects of the dining
experience, including taste perception and food choices, social interactions, and
behavioural and emotional responses. This paper presents the first phase of our
research activity, focusing on the design and development of the MR-based Hy-
brid Restaurant and its preliminary evaluation through a user study. The study
has a dual focus: assessing the comfort of food and beverage consumption while
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wearing a HMD and examining multiple aspects of the experience within the Hy-
brid Restaurant, including user experience, affective response, sense of presence,
and cybersickness. Participants were invited to consume a snack in an Hybrid
Restaurant while experiencing different ways of eating and drinking. We adopted
a mixed-methods approach, combining behavioural data (i.e., video-analysis) and
self-report measures (i.e., questionnaires) to gain insights into both consumption
dynamics and the overall user experience.

2 Background

2.1 The role of environment in shaping dining experience

Contemporary research demonstrates that the physical environment actively
modulates consumers’ sensory perceptions and behaviours in dining contexts [55].
Experimental studies have shown, for example, that color and lighting can en-
hance the perceived appetitiveness of dishes [53]. For instance, Spence and col-
leagues [56] demonstrated that targeted lighting modifications can intensify gus-
tatory experiences, while Ulrich and colleagues [64] highlighted the restorative
effects of well-lit, natural environments in reducing stress. Another critical as-
pect concerns the interaction between indoor materials and spatial layout [12,
45,46]. Research by Zhang and colleagues [72]| suggests that the use of care-
fully selected wall and furniture materials not only improves overall aesthetics
but also changes affective state, creating spaces where customers feel welcomed
and relaxed. Moreover, a multisensory approach to environmental design encom-
passes the management of auditory and olfactory cues [4]. For example, studies
examining the impact of acoustic environments [8,54,71] have found that the
introduction of calming sounds and the reduction of background noise promote
greater meal concentration and lower stress levels.

In summary, an integrated environmental design that combines aesthetic and
multisensory dimensions is essential not only for improving customer satisfaction,
but also for fostering loyalty [9,23]. When meticulously designed, the physical
context becomes a dynamic component that transforms the simple act of dining
into a high-quality culinary experience.

2.2 XR in dining experience

The integration of digital technologies in the dining experience has garnered
increasing attention, particularly in relation to immersive solutions [57]. These
range from projection-based systems [5, 65], to 360° videos [36,48,50], AR and
MR [33,63], and VR [19, 41]. Interest in these technologies is driven by their po-
tential to help modify the dining experiences and hopefully enhance the sensory
perception, influencing consumer behaviour and enhancing user engagement [57].
For instance, Pennanen and colleagues [43] used a CAVE system to explore how
immersive environments impact consumer emotions and food evaluations, show-
ing that an environment that elicits positive emotion (i.e., a picnic in a sunny
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environment) positively shaped consumer perceptions of food and encouraged
healthier choices, compared to a sudden rainstorm and a neutral control. Sim-
ilarly, Chen and colleagues [11] found that VR visual stimuli (displayed using
a Samsung Gear VR headset) have crossmodal effects on sweetness perception:
participants rated the same beverage as sweeter in a congruent environment (i.e.,
pink and red colours, round shapes, soft/smooth visual textures) and less sweet
in an incongruent one. Another study explored whether MR systems (Oculus Rift
HM), could recreate the illusion of dining in a living room, either alone or in
the presence of familiar others. Although no significant changes in energy intake
were observed, the findings indicated that this immersive experience positively
contributed to the overall meal experience, with the virtual environment rated
as having a more pleasant atmosphere and the food perceived to be of higher
quality. Importantly, the MR social conditions significantly reduced feelings of
loneliness and improved mood [28]. Finally, 360° technology [48] was adopted
to examine the impact of the congruency of the VR environments (displayed
using an Oculus Go) with consumed food on product liking. Participants rated
food more favourably in seasonally congruent VR settings (e.g., watermelon in
a summer context, truffles in a winter one).

The diversity of XR technologies used in research stems from their varying
levels of immersion and isolation from the physical environment. Each technology
presents specific strengths and limitations. While projection-based systems allow
diners to see their food, they fail to create immersive environments. On the other
hand, VR provides a higher degree of immersion but inherently isolates users,
obstructing their view of the food and restricting natural social interactions
that are fundamental to dining experiences. Moreover, many studies have pri-
marily focused on small, handheld food items such as chocolate [43], bread [50],
and watermelon [48] due to the constraints imposed by VR and 360° technolo-
gies—namely, excessive immersion that prevents interaction with utensils and
obstructs the diner’s view of the table.

In contrast, MR emerges as the most versatile solution for dining experiences,
seamlessly integrating virtual and physical elements within the same environ-
ment. Although no universally accepted definition of MR exists, Speicher and
colleagues [52] identify six distinct conceptualizations, one of which defines MR
as an alignment of environments—the synchronization of physical and virtual
spaces to create a cohesive experience. In this framework, MR serves as a bridge
between real and digital elements, ensuring that virtual content is accurately
positioned and interacts meaningfully with the physical world. In our study, MR
integrates virtual elements, such as the restaurant setting, with physical com-
ponents, including the hands, table setting, utensils, and plates. This hybrid
environment maintains the inherently social nature of dining, enhancing both
immersion and interaction and positioning MR as a promising tool for crafting
more natural and engaging dining experiences.
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3 MR application for Hybrid Restaurant

The system developed employs MR to establish a hybrid environment wherein
physical and virtual elements coexist, thereby enriching and personalising the
dining experience beyond conventional approaches. Specifically, the dining room
is integrated with a virtual immersive environment that surrounds the user, while
preserving visibility of the physical elements in the immediate interaction area
when one is seated, such as the table, tableware, food, and the user’s hands,
thanks to passthrough technology (Fig. 1). This approach encourages sponta-
neous, natural, and immersive interactions, effectively balancing the benefits of
fully virtual or immersive room solutions [67].

3.1 System development and implementation

The MR application was developed using the Unity engine (version 6000.1.0a2)
and compiled into an APK format for deployment on the Meta Quest 3, a device
selected for its advanced hardware capabilities. An interaction zone was imple-
mented to integrate a physical table within the virtual environment, utilizing the
official Meta XR All-in-One SDK (version 69.0.1). The virtual environment was
constructed using assets derived from the ArchvizPRO Interior Vol.8 package,
complemented by custom 3D models created with Blender (version 4.2). The de-
sign employed baked global illumination instead of real-time lighting to optimize
device performance and enhance visual realism, thus reducing the rendering load.
Spatial anchors were employed to allow an initial calibration to align the physi-
cal table with the virtual environment. This process makes the system adaptable
to tables of varying sizes, as well as rooms with different layouts. Additionally,
spatial audio was integrated to enhance immersion by positioning specific audio
sources within the virtual space.

3.2 Description of the Hybrid Restaurant

The virtual environment simulates a restaurant with a panoramic sea view of
Venice, comprising a main dining area measuring approximately 10 x 7.5 x 3.5
meters (Fig. 1A). The environment is designed to evoke elegance and tranquility,
featuring minimalist and sophisticated interior décor. Large windows overlook-
ing the sea provide visual depth and realism to the virtual scene [22]. During
the experience, participants are expected to remain seated at a physical table,
continuously visible through the passthrough functionality of the headset, main-
taining direct contact with physical elements, such as tableware, food, and their
hands. The auditory environment is carefully composed of two distinct audio
sources: ambient sea sounds [39] from the virtual exterior and subtle background
music [61], enhancing the realism and immersion of the dining scenario [21, 37].
This setup serves as a versatile experimental platform, providing a controlled
yet adaptable foundation for future research into dining experiences, seamlessly
integrating tangible elements within a customizable virtual environment (Fig.
10).
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Fig. 1. The Hybrid Restaurant setup. The central panel shows a participant dining at a
physical table (B), with their POV on the sides. On the left (A), the Hybrid Restaurant
used in this study is shown. On the right (C), a version with altered environmental
features is shown, maintaining the same experimental setup

4 Material and Methods

In the following the experimental tools and setting are described.

4.1 Experimental design

The study followed a within-participants design, in which two independent vari-
ables were manipulated: eating modality (using cutlery vs. with hands) and
drinking modality (using a straw vs. without a straw).

4.2 Settings and equipment

The evaluation took place in a living lab within the university premises, ensuring
consistent and stable lighting conditions throughout the day, specifically during
the typical mid-afternoon snack time. The Hybrid Restaurant was experienced
through the Meta Quest 3 (section 3.2). Participants were offered a banana,
which was chosen for its versatility in being consumed by hand or with cutlery.
The fruit was served with the peel intact to ensure hygiene by minimizing di-
rect contact with the edible portion before consumption. For the beverage, they
were served half a glass of still water (33 cl total capacity). The physical setup
included a wooden table with a chair, arranged with a placemat, a stainless steel
fork and knife in a cutlery holder, straws, and a paper napkin to replicate a
typical dining environment. The experimental session was recorded using both
an ambient camera (VHD-V61CL) and the screen recording of the Meta Quest
3.

4.3 Data collected

Behavioural data. All videos were imported into a dedicated analysis soft-
ware, i.e., Behavioral Observation Research Interactive Software [17], to run the
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video analysis. The analysis relied on a coding scheme following a top-down
approach. Initially, two of the authors identified the significant events during
the XR dining experience, including all the explicit behaviours that participants
performed during the interactions with the tableware: eating with cutlery, eating
without cutlery (using hands), drinking with a straw, and drinking without a
straw. Subsequently, the two researchers reviewed the videos and identified situa-
tional triggers indicating the beginning and the end of each event included in the
coding scheme, resulting in a list of physically-based events [2]. A trained coder
reviewed and evaluated the recorded videos. In addition, action breakdowns were
analyzed. More specifically, we considered breakdowns as any aspect that could
slow down or interrupt the eating or drinking process while wearing the headset,
in line with our research objectives and previous studies [18,27]. In addition to
assessing the smoothness of the experience, we also considered disruptions re-
lated to the need for manual adjustments of the HMD. A complete description
of the various types of possible breakdowns can be found in Table 1.

Table 1. Video-analysis coding scheme of breakdowns during dining experience with
HMD.

Behaviour Breakdown Description

Eating Contact with the HMD |The food touches the HMD during the
eating action.

Trajectory adjustment |Participants need to correct their move-
ments to ensure proper arm-to-mouth co-
ordination.

Food dropping The participant drops the food while
bringing it close to their mouth.

Drinking Contact with the HMD |The glass or straw touches the HMD dur-
ing the drinking action.

Trajectory adjustment |Participants need to correct their move-
ments to ensure proper arm-to-mouth co-
ordination when bringing the glass or
straw to the mouth.

Smoothness of the |Adjustment of the HMD|The participant engages in manual ma-
experience nipulation of the HMD to regulate fit, or
move the lens area.

Self-report data. A total of 3 purposefully devised questionnaires and 3 stan-
dardized questionnaires were employed. Users’ backgrounds and dining habits
were collected with a socio-demographic questionnaire which included items on
gender, age, nationality, occupation, and dominant hand. Additionally, partici-
pants were asked to report any known allergies or food intolerances. The ques-
tionnaire also assessed participants’ liking for the snack presented in the study,
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the frequency with which they dine at restaurants, and their previous experiences
with HMD.

Comfort and ease of eating and drinking with an HMD were assessed using
a 12-item questionnaire. The items evaluated their perceived comfort, ease, and
the extent to which the headset interfered with eating or drinking. Specifically,
participants rated statements such as “It was comfortable to eat food using cut-
lery”, “It was easy to eat food using cutlery”, and “The headset did not obstruct
the act of eating with cutlery”. Equivalent items were included for the differ-
ent eating and drinking conditions (cutlery vs. hands for eating, straw vs. no
straw for drinking). Participants had to answer on a 7-point Likert scale (1 = “I
strongly disagree”, 7 = “I strongly agree”).

Participants’” UX within the Hybrid Restaurant was evaluated using a 10-
item questionnaire rated on a 7-point Likert scale. It measured 6 dimensions,
including: overall satisfaction, ease of interaction with the physical tableware,
physical HMD comfort, atmosphere, desire to stay longer, and repatronage in-
tention. Overall satisfaction measures the feeling experienced when performing a
required or desired action and perceiving its outcomes [44, 49] by two items. Ease
of interaction with the physical tableware refers to the perceived effortlessness
when handling and using elements in the table setting area, and it was assessed
with one item. Physical HMD comfort refers to the degree of comfort individuals
experience while wearing the headset and was assessed using two items adapted
from Spagnolli and colleagues [51]. The overall perceived pleasantness of the
restaurant atmosphere was evaluated using two items adopted from Erraja and
colleagues [15]. Desire to stay longer is an affective state of attraction to the
environment that motivates the customer to remain in the environment for an
extended period of time [66], explored with an item adapted from Amin and col-
leagues [1]. Repatronage intention, referring to taking benefit of the service again
in the future, was evaluated with 2 items adapted from Oliver and Swan [42].

Participants’ emotional responses during the dining experience were mea-
sured using the Self-Assessment Manikin (SAM) [7] which assesses three affec-
tive dimensions: valence, measuring the degree of pleasantness of an experience;
arousal, describing the degree of psychophysiological activation elicited by a
stimulus; and dominance, reflecting the perceived sense of control over the emo-
tional experience or stimulus. The SAM relies on stylized figures that visually
represent different levels of emotional intensity (9-point scale). Cybersickness is
a condition that may occur during or after exposure to a virtual environment
and it can induce symptoms such as headache, eye strain, nausea or vomiting
in extreme cases, reducing the likelihood that VR users will ever use it again
[26, 30, 31]. Cybersickness symptoms were assessed through the Simulator Sick-
ness Questionnaire (SSQ) [25], which includes 16 items covering dimensions of
nausea, oculomotor discomfort, and disorientation on a 4-point scale (0 = Not
at all; 3 = Very much). Sense of presence is defined as “the subjective experi-
ence of being in one place or environment, even when one is physically situated
in another. Indeed, presence refers to experiencing the computer-generated en-
vironment rather than the actual physical locale” [69]. It was measured using an
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adapted Presence Questionnaire (PQ) [68], excluding the controller-related item.
The 7-point scale assessed involvement, sensory fidelity, quality of interface, and
adaptation/immersion.

Experimental procedure. Participants signed the informed consent form be-
fore beginning the experimental session. Subsequently, they completed the pre-
experience questionnaire about socio-demographic aspects. After this initial step,
participants were invited to sit at the table and instructed to wear the Meta
Quest 3 headset, with the MR system already running. The experimenter en-
sured the HMD was fitted comfortably and functioning before proceeding with
the experimental task. The experimental task simulated a dining experience in
the MR-based Hybrid Restaurant. Participants were asked to perform four se-
quential actions: first, they drank the water from the glass using a straw; second,
they ate half a banana with their hands (without using cutlery); third, they drank
the water again, this time without the straw; finally, they ate the remaining half
of the banana after cutting it with fork and knife. Notably, the sequential actions
involving different eating and drinking modalities were counterbalanced across
participants to prevent ordering effects. A printed sheet detailing the phases
and their order was placed on the table beside the dining area, allowing partici-
pants to consult it in case of need. The session was video recorded, as detailed
above. Upon finishing their experience in the Hybrid Restaurant, participants
were asked to complete the post-experience questionnaires. All questionnaires
were administered online through the Qualtrics platform. The entire experimen-
tal session lasted approximately 20 minutes. The experiment was approved by
the local Ethical Committee.

Pre experience Food and beverage consumption in Post experience
questionnaire an MR-based hybrid restaurant questionnaires

Fig. 2. Experimental conditions and task procedure. The figure displays the partici-
pants POV of the restaurant atmosphere and the two immersive dining conditions of
the steps of the task, one for drinking and the other for eating.
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Sample. A total of 12 international participants volunteered to take part in the
study (all females). They did not receive any compensation for participation.
The only inclusion criteria were the absence of any allergies or intolerances to
the food item provided as a snack. The average age of the sample was 27.33
years (SD = 4.93, range 21-53). Regarding handedness, 11 participants were
right-handed and only 1 was left-handed. All participants reported the absence
of allergies, except for one individual who reported an intolerance to anise. As
for dietary habits, all participants reported consuming bananas at least once a
month. Regarding prior experience with HMDs, 75% of participants reported
using one for the first time, while the remaining 25% had used an HMD less
than once per year.

4.4 Data Analysis.

All statistical analyses were performed using RStudio Team (2024). Non-para-
metric tests were employed to evaluate participants’ behavioural and self-report
data across all conditions. Given the limited sample size, the ordinal nature
of most variables, and the violation of normality assumptions, non-parametric
methods were deemed most appropriate. Consequently, the Wilcoxon signed-
rank test was employed to compare average scores between experimental con-
ditions and to determine whether participants’ responses significantly deviated
from the mid-point of the response scale, which indicates a neutral attitude. For
composite dimensions consisting of multiple items, mean scores were computed
to obtain a single representative value. In addition, descriptive statistics, includ-
ing medians (Mdn), means (M), and interquartile ranges (IQRs), were provided
to summarize the data.

5 Results

5.1 Behavioural data

Wilcoxon signed-rank tests were performed to compare eating (with hands vs.
using cutlery) and drinking (with a straw vs. without a straw) modalities in
terms of breakdowns and duration. The ratio of food manipulation actions was
calculated relative to the total number of such actions performed. Furthermore,
the descriptive analysis indicated that participants, on average, completed their
meal in 3 minutes and 36 seconds. Notably, headset adjustment never emerged
as a breakdown, as no participant needed to reposition it at any point during
the experiment. Table 2 summarizes the occurrence of behavioral breakdowns
during eating and drinking tasks performed while wearing the HMD.

Eating with HMD. None of the participants touched the HMD while eating
with cutlery or with hands. Analysis showed that the rates of trajectory adjust-
ments per bite did not significantly differ between eating with cutlery (Mdn =
0.00, M = 0.15, IQR = 0.00-0.27) and with hands (Mdn = 0.00, M = 0.00,
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IQR = 0.00-0.00; V = 10, p = 0.10). Similarly, the rates of food drops per bite
were minimal in both conditions, with cutlery (Mdn = 0.00, M = 0.15, IQR
= 0.00-0.15) and hands (Mdn = 0.00, M = 0.00, IQR = 0.00-0.00), showing
no significant difference (V = 15, p = 0.06). Instead, participants took signifi-
cantly more time when using cutlery (Mdn = 105.35 s, M = 104.82 s, IQR =
84.27-125.49) compared to eating with hands (Mdn = 73.80 s, M = 65.26 s, IQR,
= 50.31-79.30; V = 73, p = 0.005).

Drinking with HMD. No collisions between the HMD and the glass occurred
when paticipants drank using a straw. In contrast, most participants (n = 9)
experienced at least one collision between the HMD and the glass when drinking
without a straw. This difference was significant according to a Wilcoxon test (V =
0, p = 0.008). Notably, none of the participants needed to adjust their movements
to achieve proper arm-to-mouth coordination when bringing the glass or straw to
their mouth. Drinking duration was slightly longer with a straw (Mdn = 23.98 s,
M = 23.92 s, IQR = 14.88-30.49) compared to drinking without a straw (Mdn
= 2191 s, M = 21.59 s, IQR = 14.35-26.17), though this difference was not
significant (V = 45, p = 0.677).

Table 2. Summary of action breakdowns during eating and drinking with HMD.

Eating With cutlery With hands
Breakdown % participants % per bite | % participants % per bite
Contact with the HMD 0% 0% 0% 0%
Trajectory adjustment 33% 14% 0% 0%
Food dropping 25% 5% 0% 0%
Drinking With straw Without straw
Breakdown % participants % participants
Contact with the HMD 8% 75%

Trajectory adjustment 0% 0%

5.2 Self-report data

Comfort and ease of eating and drinking with HMD. Wilcoxon signed-
rank tests were performed to compare eating (hands vs. cutlery) and drinking
(straw vs. no straw) modalities 3.

For eating, comfort was rated higher with cutlery than with hands though
no significant difference emerged (V = 23, p = 0.526). Similarly, no significant
differences were found in perceived ease of eating between cutlery and hands (V
= 16, p = 0.832), nor in obstruction ratings (V = 13, p = 0.930).

For drinking, comfort was rated significantly higher when using a straw com-
pared to drinking without one (V = 66, p = 0.003). The same pattern was
observed for ease of use, with drinking via straw rated significantly easier than
without a straw (V = 66, p = 0.004). Obstruction was also rated significantly
lower with a straw (V = 0, p = 0.004).
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Table 3. Comfort and ease ratings of eating and drinking with HMD.

Eating With Cutlery With Hands Wilcoxon test
Dimensions Mdn M IQR Mdn M IQR \% p-value
Comfort 6.50 5.75 5.00-7.00 | 5.50 5.25 4.50-7.00 | 23 0.526
Ease 6.00 5.58 4.75-7.00 | 6.00 5.75 5.00-6.25 | 16 0.832
Obstruction 2.00 242 1.75-3.00 | 2.00 2.42 1.00-3.00 | 13 0.930
Drinking With Straw Without Straw Wilcoxon test
Dimensions Mdn M IQR Mdn M IQR \% p-value
Comfort** 7.00 6.58 6.75-7.00 | 2.00 2.58 1.00-3.00 | 66 0.003
Ease** 7.00 6.42 6.00-7.00 | 2.00 2.58 1.00-3.00 | 66 0.004
Obstruction®* | 1.00 1.17 1.00-1.00 | 6.00 5.42 4.75-7.00 | 0 0.004

** Indicates statistically significant differences (p < 0.01).

Comfort and ease of eating and drinking with HMD Questionnaire

Eating Drinking

7

° “'
= -
§ . Modality
ki .
£ . With straw
—= Without straw
= 4
-é B Ol PR D e e . With cutlery
] With hands
T 3
=
<
3
=

2

1

Comfort Ease Obstruction Comfort Ease Obstruction

Fig. 3. M and SD of eating and drinking by different modalities with HMD.

User eXperience within the Hybrid Restaurant. Wilcoxon signed-rank
tests were performed to compare the average scores against the scale median
value (Mdn = 4). Results indicated significantly higher scores across all subscales:
overall satisfaction (V = 78, p = 0.002; Mdn = 6.25, M = 6.21, IQR = 6.00-6.63),
ease of interaction with the physical tableware (V = 73.5, p = 0.006; Mdn =
6.00, M = 6.00, IQR = 6.00-7.00), physical HMD comfort (V = 55.5, p = 0.049;
Mdn = 5.25, M = 5.04, IQR = 3.75-6.13), atmosphere (V = 78, p = 0.002;
Mdn = 6.25, M = 6.29, IQR = 5.88-7.00), willingness to extend the duration of
the experience (V = 40, p = 0.040; Mdn = 5.00, M = 5.17, IQR = 4.00-7.00),
and repatronage intention (V = 78, p = 0.002; Mdn = 6.00, M = 6.13, IQR =
5.50-7.00).
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Emotional Responses. To evaluate the emotional responses, subscales includ-
ing valence, arousal, and dominance were analyzed. Wilcoxon signed-rank tests
were conducted to compare the scores against the scale’s median value (Mdn =
4). Results indicated significantly higher scores for valence (V = 55, p = 0.005;
Mdn = 7.00, M = 7.10, IQR = 6.00-8.00), and dominance (V = 55, p = 0.006;
Mdn = 6.50, M = 6.70, IQR = 5.25-8.00), while no significant difference was
found for arousal (V = 14.5, p = 0.457; Mdn = 4.00, M = 4.50, IQR = 4.00-5.75).

User eXperience Questionnaire

Mean (7—point Likert scale)
£

Overall Ease of Physical HDM Atmosphere Desire to stay Repatronage
satisfaction interaction with comfort longer intention
tableware

Fig. 4. M and SD of User eXperience Questionnaire scores by subscale.

Cybersickness. To evaluate the scores, subscales including disorientation, nau-
sea, and oculomotor were analyzed [58]. Wilcoxon signed-rank tests were con-
ducted to compare the scores against the scale’s median value (Mdn = 1.5).
Results indicated significantly lower scores across all subscales: disorientation
(V = 2.5, p = 0.005; Mdn = 0.286, M = 0.5238, IQR = 0.00-0.786), nausea (V
=0, p = 0.002; Mdn = 0.143, M = 0.298, IQR = 0.00-0.4286), and oculomotor
(V=9, p=0.020; Mdn = 0.517, M = 0.788, IQR = 0.107-1.500).

Sense of Presence. Subscales including involvement, sensory fidelity, quality of
interface, and adaptation/immersion were analyzed. Wilcoxon signed-rank tests
were conducted to compare the scores against the scale’s median value (Mdn =
5). Results indicated significantly higher scores in all scales: involvement (V= 68,
p = 0.005; Mdn = 5.31, M = 4.97, IQR = 4.98-5.48), sensory fidelity (V = 74, p
= 0.007; Mdn = 5.25, M = 5.13, IQR = 4.33-5.71), quality of interface (V = 49,
p = 0.003; Mdn = 5.25, M = 5.04, IQR = 4.00-6.00), and adaptation/immersion
(V. =178, p =0.032; Mdn = 5.25, M = 5.42, IQR = 5.00-6.06).
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6 Discussion

This study investigated two main aspects: the feasibility and comfort of eating
and drinking while wearing an HMD, as well as key factors influencing the dining
experience in an MR-based Hybrid Restaurant. Specifically, we examined UX,
emotional response, sense of presence, and cybersickness, providing a compre-
hensive preliminary evaluation of the designed and developed MR application.
To explore these aspects, participants consumed a snack both with and without
cutlery and drank from a glass both with and without a straw. We collected both
behavioural data (i.e., video-analysis) and self-reported measures (i.e., question-
naires). In the following, we discuss the results for each of these aspects.

6.1 Food and beverage consumption with HMD

The results indicate that eating a snack with HMD does not pose significant
challenges. All participants were able to consume their snacks, with behavioural
measures showing no differences in food drops or trajectory adjustments between
conditions, and overall disruptions remained low in both modalities. These find-
ings align with self-reported evaluations in which participants rated eating as
easy and comfortable, with minimal obstruction caused by the headset, regard-
less of whether they used their hands or utensils. Taken together, our findings
suggest that participants could eat comfortably while wearing the headset, ex-
panding upon earlier evidence of generally positive MR dining experiences by
Koesgaard and colleagues [27]. While their work noted issues such as headset
collisions and mismatched sensory cues, these disruptions were minimal in our
preliminary evaluation of the MR system, likely due to the integration of new
passthrough technology. Moreover, the longer duration of food consumption with
utensils than eating by hand suggests that this modality may encourage a more
prolonged engagement with the Hybrid Restaurant. This should be interpreted
cautiously, as various factors could contribute to differences in the time spent at
the restaurant [38] or affect consumption based on type of utensil [6]. Instead,
drinking behaviours differed significantly between conditions. Participants expe-
rienced obstruction when drinking from a glass (e.g., collision with the HMD),
whereas no such issue occurred with a straw. This aligns with Korsgaard and
colleagues [27] who reported similar issues with glasses colliding with the Ocu-
lus Rift. This was reflected in self-reported data, as participants rated drinking
with a straw more comfortable and less obstructive than drinking directly from
a glass. Notably, drinking duration did not differ significantly between condi-
tions, suggesting that the consumption mode affected perceived comfort rather
than the time spent drinking. On one hand, this result provides clear indications
for the design of future experiments. On the other hand, it raises a question
regarding the consistency between drinking with a straw and being in an elegant
environment.
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6.2 User eXperience within Hybrid Restaurant and Affective
Responses

Overall, the UX within the Hybrid Restaurant was positive. Participants ex-
pressed high satisfaction, ease of interaction with physical tableware, and phys-
ical comfort while using the headset. The behavioural data corroborated these
findings, as no participants adjusted their headsets during the session, indicating
sustained comfort throughout the experience. The atmosphere was perceived as
pleasant, with participants expressing a desire to extend their time in the Hybrid
Restaurant and a willingness to repeat the experience.

Affective responses further supported the positive reception of the MR dining
experience. Arousal levels were moderate, suggesting that the experience was
engaging without being overly stimulating. This balance is beneficial, as excessive
arousal could lead to discomfort, while very low arousal might indicate a lack
of engagement. Furthermore, the high levels of positive valence and dominance
suggest that participants experienced positive emotions and a sense of control
during the meal [7]. These emotional responses align with the reported overall
satisfaction and willingness to repeat the experience, reinforcing the feasibility
of MR dining applications.

6.3 Cybersickness and Sense of Presence

Cybersickness symptoms were minimal across all dimensions (nausea, oculomo-
tor discomfort, and disorientation), indicating that the MR application did not
induce significant discomfort. This is a key finding, as cybersickness can be a
significant barrier to adopting XR technologies in real-world applications [59].
The absence of severe symptoms suggests that the MR system is well-suited for
dining experiences, allowing users to interact with physical and virtual elements
without adverse effects.

Presence was also consistently high across all measured dimensions, includ-
ing involvement, sensory fidelity, quality of interface, and adaptation/immersion.
These findings indicate that participants felt highly engaged in the XR environ-
ment, perceiving it as a cohesive and immersive dining space. The strong sense
of presence supports the viability of MR as a platform for studying dining be-
haviours, as it ensures that users feel embedded within the virtual setting while
maintaining interactions with physical elements such as food and tableware [22].

7 Conclusion

With this contribution, we introduced and evaluated an MR-based system de-
signed to investigate factors that enhance dining experiences through hybrid
environments. Overall, the findings demonstrate the potential of MR to create
ecologically yet controllable hybrid environments bridging the gap between con-
trolled experimental settings and real-world dining scenarios. Our results further
support the feasibility of dining while wearing an HMD, with eating proving to
be comfortable and unobstructed regardless of whether participants used their
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hands or utensils. However, drinking from a glass presented challenges due to
collisions with the headset, whereas using a straw was rated as more comfort-
able. The evaluation of our system confirmed its effectiveness in providing a
positive and engaging dining experience. Participants reported high satisfaction,
seamless interaction with tableware, and overall comfort while using the head-
set. The pleasant atmosphere and high sense of presence suggest MR’s potential
for enhancing dining experiences, with minimal cybersickness and balanced af-
fective responses supporting its applicability in future research on immersive
dining behaviours. Additionally, this study highlights MR as a cost-effective tool
for testing and optimizing dining environments before physical implementation,
while also demonstrating its potential for designing immersive XR dining expe-
riences that extend beyond traditional architectural constraints.

This study has some limitations. First, our sample was small and composed
only of female participants, mostly young adults. To improve generalizability,
future research should include a more heterogeneous sample. Moreover, since
dining is inherently a social experience, and this study focused on solo dining,
future studies should explore how MR affects shared meals and social interac-
tions. Additionally, this research focused solely on snack consumption. Future
studies should extend this approach to full meals, not only to explore the im-
pact of MR across diverse culinary contexts but also to assess how prolonged
exposure to XR influences user experience, comfort, and engagement over time.
Finally, while this study focused on tableware, different types of dining tools are
known to influence the overall eating experience [6]. Future investigations should
explore a broader range of utensils and dining setups to determine their com-
patibility with MR dining settings and their potential impact on user behaviour
and comfort.

Regarding future research directions, the system functions as a versatile re-
search platform, allowing controlled manipulation of key variables related to
ambient, design, and social factors. Future studies could further investigate var-
ious psychological aspects of the dining experience, including taste perception,
food choices, social interactions, and behavioural and emotional responses. These
investigations could provide deeper insights into optimizing dining environments
to enhance diners’ experience. The findings from this first phase highlight MR’s
potential as a research tool for studying dining behaviours in immersive settings.
Expanding research to diverse user populations and assessing prolonged expo-
sure effects will be essential for understanding the broader applicability of MR,
dining environments.
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