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Figure 1: In a future where some diners wear XR headsets while others do not, restaurant dining may enable certain participants
to experience XR food augmentations, such as virtual decorations overlaid onto the dish, while excluding others from these
experiences. At the same time, XR headsets occlude the wearer’s eyes, potentially disrupting face-to-face social interaction.
In this scenario, the diner on the left wears our enhanced headset, which externalizes bodily responses to the shared dining
experience through biodata playfully displayed on expressive external screens.

Abstract
Dining is a social activity, yet human–computer interaction (HCI)
research has rarely examined how extended reality (XR) headsets
shape shared restaurant experiences. Although XR can augment
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taste perception, headsets also obscure facial expressions – partic-
ularly pertinent when only some diners wear them. We identify
an opportunity to make a wearer’s biodata socially visible via an
outward-facing display on the headset to facilitate novel social
dining experiences with XR. To explore this, we designed E.A.T.
(Expressive Augmented Togetherness), a novel XR dining system
that combines food augmentation with external displays depicting
physiological arousal and pupil movement to facilitate social in-
teractions. Through interviews following a restaurant field study
with five groups of three diners, we examined how the system in-
fluenced taste perception and social interactions. We identify six
design considerations for socially legible XR systems for dining,
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ultimately, aiming to inform how HCI can better support social
dining experiences.
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1 INTRODUCTION
Dining out, such as eating in a restaurant, is a popular human ac-
tivity that often unfolds in social contexts [15, 19, 29, 53]. Research
has consistently shown that shared dining positively influences
physical health [22] and emotional wellbeing [19, 74], while also
strengthening social connectedness [19].

The social interactions that emerge through shared meals are
commonly referred to as commensality [53], highlighting the role
of eating as a social performance [15]. As interactive technologies
increasingly permeate everyday life, commensality itself has been
affected. The expansion of the Human-Food Interaction (HFI) field
[37, 52] has given rise to the notion of digital commensality, which
describes how technologies mediate, extend, or reconfigure social
eating practices [69, 71]. Examples range from tele-dining platforms
that connect geographically distant diners [26, 78], to artificial
commensal companions [45] designed to support individuals that
eat alone [21, 56], suggesting that interactive technology can enable
new forms of social dining. In this sense, digital commensality is
closely tied to the notion of eudaimonia in the digital age, where
technologies aim not merely to entertain, but to support meaningful
human flourishing [73].

Recent advancements in extended reality (XR) further expand the
design space of HFI, including augmenting food appearance [54, 77],
enriching sensory perception [80, 81], shaping taste expectations
[3, 77], and encouraging healthier drinking behaviors through mul-
tisensory design [80]. By allowing to blend visual [3, 13, 77, 80],
auditory [80], and embodied interaction [5, 9, 80] cues with physical
food, XR enables immersive dining experiences.

Research also has begun to use XR to support commensality.
Notable work, such as the XR Table [64], explored the use of XR to
support social dining across distance, while Eating Together Apart
[1] does so by designing a multisensory XR dining system in which
synchronized eating actions trigger shared environmental changes,
fostering embodied co-presence and emergent commensal rituals.
Taken together, these works demonstrate that XR can support the
perception of meals as well as commensality. However, XR com-
mensality research has so far focused on remote or fully virtual
settings [1, 2, 64], leaving the co-located social restaurant experi-
ence underexplored.

Moving beyond remote settings toward co-located dining, if
XR-particularly headset-based systems-does become a ubiquitous
technology, it is plausible that diners may one day wear headsets
in restaurants. However, it is important to acknowledge that not
everyone will be willing or able to wear an XR headset in such
contexts. Prior work on co-located asymmetric XR experiences sug-
gests that asymmetric use of XR headsets frequently emerges in
group settings [6, 8, 27, 28, 35], where participants have unequal
access to devices. Such asymmetries can be caused by financial con-
straints [20] and cybersickness [41, 65], exacerbated by the weight
and limited ergonomics of current head-mounted displays [14].
Aesthetic and self-presentational concerns may further deter use,
as some diners perceive such devices as socially incongruent [59].
Consequently, we propose future social dining scenarios are likely
to involve mixed settings in which some participants wear XR head-
sets while others do not. In such mixed dining settings, situations in
which not all participants wear XR headsets can limit non-wearing
diners’ ability to perceive wearers’ emotional responses by obscur-
ing facial expressions [34]-signals that could be central to social
interaction during social dining [39]. As a result, XR headsets risk
functioning as social barriers rather than facilitators of commen-
sality [38]. Although more recent glasses-style XR devices (e.g.,
Ray-Ban Meta) reduce visual occlusion of the face, they introduce
interactional constraints through limited field of view and display
framing.

We see an opportunity to use the exterior of the headset to make
additional biofeedback of the wearer accessible to others in co-
located dining settings. This is inspired by prior work attempts
to replicate occluded social cues by externally rendering what is
hidden, for example Apple Vision Pro’s EyeSight function shows
a representation of the user’s eyes on a display on the exterior
of the headset. However, we believe that such a replication-based
approach is inherently limited by the technical constraints of sens-
ing and display, and are unlikely to ever achieve the full fidelity
of unmediated face-to-face interaction. Instead, inspired by prior
human–computer interaction (HCI) work that advocates going
“beyond being there” [32], we explore more playful, ambiguous –
rather than exact representations that we supplement with addi-
tional information that is typically invisible, i.e., biodata, that could
reveal interesting insights into how the wearer’s body responds to
the social restaurant experience (such as excitement when seeing
the waiter serving their dish, social banter, or tasting a surprising
ingredient).

In order to explore this opportunity, we designed E.A.T. 1 (Expres-
sive Augmented Togetherness), an expressive XR dining system
that combines food augmentation via a headset for the wearer
with two external displays mounted on the outside of the headset
that visualize physiological arousal and pupil movement, allowing
others to utilize biofeedback-driven emotional responses as social
cues for social dining when not everyone wears a headset (Fig. 1).
Through this inside-out expressive visualization, we aim to explore
the possibility of offering new social signals by externalizing in-
ternal affective states as socially perceivable cues, thereby offering
new forms of social dining.
1The name of our system, E.A.T., is inspired by Experiments in Art and Technology
(E.A.T.), a not-for-profit organization that historically fostered collaboration between
artists, engineers, and scientists.
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Through a field study conducted in a restaurant with 15 partici-
pants, organized into groups of three who shared two XR headsets
while taking turns during a three-course meal, we were able to
begin understanding how XR food augmentations and expressive
inside-out visualizations shaped taste perception, social interac-
tion, and feelings of connectedness during co-located dining. It
is important to clarify that this study does not aim to isolate or
quantify the individual contributions of food augmentation versus
bio-data visualization. In a real-world restaurant setting, sensory
perception and social interaction are inherently entangled. Instead,
we position E.A.T. as a holistic design probe to explore the emer-
gent user experiences within this multi-faceted XR experience. Our
scope is focused on characterizing how these combined experiences
co-shape the social dining dynamics, rather than establishing links
between specific technical variables and psychological mechanisms.

Overall, this work makes the following contributions to the fields
of HFI and XR:

• The E.A.T. System.We introduce E.A.T., an XR social dining
system for co-located commensality. By introducing this
inside-out expressive visualizations, we aim to explore how
XR headsets can be reframed as social interfaces. We hope
this system inspires HFI and XR practitioners to explore
more XR experiences for social eating contexts.

• Exploratory findings. Through a qualitative study in a
restaurant, we were able to derive themes about the user
experience when food augmentations combine with exter-
nalized affective cues in a restaurant. These findings can be
useful for researchers aiming to understand the user expe-
rience of combined XR and biodata augmentations in real
world settings.

• Design knowledge. Drawing on the knowledge developed
through the design and study of the E.A.T. system, we were
also able to derive six design considerations. These consid-
erations aim to provide guidance for design practitioners
aiming to create future XR restaurant experiences but do not
know where to start.

2 RELATEDWORK
We now summarize previous works that guided our research.

2.1 The use of XR technology in food
experiences

The advent of XR technology empowers people to experience “ex-
periences that cannot occur in the physical world” [76]. Building
on this concept, Velasco et al. proposed a model for conceptual-
izing impossible (food) experiences in XR, referred to as the re-
ality–impossibility model [76]. This model provides a conceptual
framework for the creation and classification of impossible food
experiences through XR by organizing XR experiences along two
continuous dimensions (Figure 2):

(1) Reality ↔ Fantasy — whether the objects and environ-
ments are based on the real world or imaginary constructs.

(2) Laws of Physics ↔ Other Laws — whether interactions
within the experience follow the physical laws of our world
or operate under alternative, imagined rules.

Together, these two dimensions form four quadrants (Table 1,
Figure 2), each representing a different type of “impossible” food
XR experience.

Quadrant 1 (Q1) represents XR food experiences that are grounded
in real-world objects and environments and adhere to the physical
laws of the real world. Most existing XR food research falls within
this quadrant, as it allows researchers to manipulate sensory cues
while maintaining ecological plausibility. For example, Wang et
al. [77] used virtual reality (VR) to alter the visual appearance of
coffee—such as adding “virtual milk” by changing its color—while
keeping the physical beverage unchanged, demonstrating that digi-
tally manipulated visual cues can influence flavor perception. Simi-
larly, augmented reality (AR) based systems such as MetaCookie+
[54] manipulate the perceived size or appearance of food items
to modulate satiety and consumption behavior without violating
physical realism. These studies illustrate how XR technologies can
be used to investigate multisensory integration and expectation
effects in eating.

Quadrant 2 (Q2) includes experiences that remain anchored in
real-world referents but operate under altered or impossible rules,
such as violations of causality, time, or contamination norms. A
representative example is the study by Ammann et al. [3], in which
VR was used to present an emotionally aversive scene—depicting a
dog defecating chocolate. Although the food itself was real and un-
changed, the impossible visual narrative elicited disgust responses
and reduced participants’ willingness to consume the chocolate.
Together with studies such as Wang et al. [77], these works demon-
strate that XR can shape eating behavior and affective responses
by introducing sensory congruence or incongruence that would be
impossible to realize in the physical world.

Quadrant 3 (Q3) comprises experiences that introduce imagi-
nary or fictional elements while preserving physical plausibility.
Compared to Q1 and Q2, this quadrant has received relatively lim-
ited attention in food-related XR research. Such experiences often
aim to enrich meaning-making, emotion, or narrative engagement
rather than directly manipulating sensory attributes. For instance,
"immersiTea" [80] constructs a virtual fictional environment to
augment the experience of drinking bubble tea by guiding users
through a narrative trajectory closely linked to sensory elements.
This work illustrates how Q3 experiences can leverage fictional
environments to reshape the meaning and emotional framing of
food consumption.

Quadrant 4 (Q4) represents impossible food experiences in which
both the setting and the governing rules depart from physical reality.
To date, empirical studies of XR food experiences in this quadrant
remain scarce. Existing work is conceptual, envisioning speculative
scenarios such as eating in outer space [57], or consuming non-
existent foods [76].

Across quadrants, we found that most existing XR-based food
and dining studies remain situated in laboratory-based, controlled
environments, prioritizing internal validity over ecological validity
[58, 69, 71]. As a result, these systems are rarely implemented in
real-world dining contexts, such as restaurants, where social norms,
service dynamics, and spatial constraints fundamentally shape the
dining experience. This gap limits our understanding of how XR
technologies operate as part of lived, socially situated commensal
practices. Our research therefore moves beyond controlled settings
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Figure 2: The reality–impossibility model for XR food experiences, adapted from Velasco et al. [76].

to investigate how impossible food experiences in XR function
within real-life contexts.

Table 1: Quadrants of the Reality–Impossibility Model and
Their XR Food Implications

Quadrant Definition XR Food Implications
Q1 –
Physical
Reality

Experiences grounded
in real objects and en-
vironments that obey
physical laws.

Realistic sensory en-
hancement; prediction
and expectation shap-
ing.

Q2 –
Other
Reality

Real-world referents re-
main, but time, space, or
causal relations are dis-
torted.

Ethically test impossible
manipulations on famil-
iar stimuli (e.g., impos-
sible transformations of
food, altered gravity).

Q3 –
Physical
Fantasy

Imaginary elements pre-
sented with internally
coherent, physically
plausible behavior.

Bridges imagination
and realism—useful for
cultural, emotional, or
metaphorical dining
design.

Q4 –
Other
Fantasy

Fully fantastical worlds
and interactions that
defy all physical con-
straints.

Enables surreal,
metaphor-embodied, or
narrative dining worlds.

2.2 The potential of physiological signals to
mediate social cues in commensality

Dining is not only an individual sensory experience, but also a
fundamentally social-perceptual activity [15, 19, 29, 53]. During
shared dinings, diners normally attend to others’ micro-expressions,
tone of voice, gaze, and bodily cues to infer whether others enjoy
the food, feel pleasure, or are engaged in the interaction [75]. This
ongoing process of “perceiving that one is being perceived” - of-
ten described as reciprocal perception—has been shown to shape
subjective eating experiences [63], with the potential to enhance
both food enjoyment and social synchrony. Through such mutual
awareness, commensality becomes an experience in which affec-
tive states and sensory pleasure are socially intertwined. When
XR head-mounted displays reduce facial visibility and eye contact,
this reciprocal perceptual loop is disrupted. As a result, diners may
experience diminished social attunement, leading not only to im-
paired social interaction but also to reduced subjective pleasure and
social satisfaction during eating, we believe. Reconstructing this
social perception loop in XR-mediated dining contexts therefore
deserves attention, as it directly concerns both social comfort and
the quality of the dining experience itself.

Social biofeedback, which leverages physiological signals such
as heart rate, skin conductance, and respiration for interpersonal
sharing, offers a promising pathway for mediating social cues under
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such constraints [50]. In HCI, physiological signals have been ex-
plored as non-verbal indicators of affective states and can function
as social feedback that helps others “perceive one’s perception”,
thereby enhancing emotional transparency and social connected-
ness [30]. For example, Hirsch et al.’s work has shown that visual-
izing heartbeats in games can implicitly increase feelings of social
connectedness among players, even in asynchronous or non-verbal
settings [30]. Within HFI research, systems such as Living Bento
[11], which map diners’ physiological states onto changes in shared
food containers, externalize otherwise invisible affective cues in a
form that is socially accessible at the table, thereby demonstrating
how sharing physiological signals can foster emotional bonding
and social awareness during shared dining.

Together, these examples suggest that physiological signals can
operate as socially legible cues when conventional facial and bod-
ily signals are constrained. Among physiological signals, galvanic
skin response (GSR) is more commonly used to measure emotional
responses to food [72] and dining interactions [48]. Building on
this insight, we propose that visualizing diners’ arousal level may
help others re-establish access to how they are experiencing the
meal, thereby supporting the reconstruction of social perception
and enriching commensality in XR-mediated dining contexts.

2.3 Gap and research question
Although prior research has examined XR in food-related experi-
ences, XR-mediated social dining in co-located, real-world contexts
remains underexplored. In particular, little empirical work has inves-
tigated how head-mounted XR devices disrupt social cue perception
during shared meals, or how such losses might be mitigated in situ.
This gap limits our understanding of XR as part of commensality
practice. At the same time, visualizing diners’ arousal levels has
shown potential to mediate social perception in XR dining contexts.
Building on these gaps, we investigate this opportunity, asking the
research question: How do we design XR co-located commen-
sality experiences to support social dining in restaurants?

This research question involves a dual focus on both food aug-
mentation (e.g., modifying taste or attention toward the dish) and
social interaction (e.g., playfulness, shared interpretation, commen-
sal dynamics), because XR experiences in a restaurant setting in-
evitably intersect with both the individual’s sensory engagement
with food and the collective social dynamics of the meal.

To begin answering this question, we designed and studied the
E.A.T. system, which we present next.

3 DESIGNING E.A.T.
The E.A.T. system is composed of three components: XR food aug-
mentations (Fig. 4) experienced by the diner, a custom-designed
physical tray (Fig. 5) that ensures stable spatial alignment between
virtual augmentations and real food, and the “Eyes” system (Fig. 6)
that externalizes the diner’s internal states as a living expression
in the shared dining space. Together, these components form an
integrated system that couples individual taste perception with
socially visible cues to enable a shared multisensory dining experi-
ence. To support these components, the experience employs two
types of head-mounted displays with distinct roles. A Meta Quest
3 (Fig. 3E) delivers XR food augmentations to the diner, while a

Meta Quest Pro (Fig. 3A) supports both food augmentations and
the “Eyes”—expressive external display, enabling the visualization
of pupil movement and physiological signals.

3.1 Site and meal context
We conducted an on-site visit to the restaurant to ground the system
design in an authentic eating context. Based on the preferences of
the local community and the restaurant’s most popular offerings,
we selected a three-course set consisting of a starter, a main course,
and a dessert:

• Starter: Beef croquette with garlic sour cream, Japanese
curry, tonburi, and beef mince (Fig. 4A).

• Main:Wagyu porterhouse (MB8+) steak served with hatcho
miso peppercorn sauce and taro crisps (Fig. 4C).

• Dessert: Pavlovawith Chantilly cream, rhubarb, yuzu sorbet,
and pancake (Fig. 4E).

During the visit, we carefully observed and measured the plates
used for each course, including their dimensions, depth, rim thick-
ness, and material characteristics. These observations informed
subsequent hardware decisions, such as the tray design (Fig. 5),
which was dimensioned to fit the plate base to ensure stability and
minimize unintended movement or tilt during eating. Importantly,
all subsequent XR food augmentations and interaction designs were
developed in direct response to the specific dishes, treating the meal
as a coherent, situated dining experience rather than a set of isolated
visual effects.

3.2 XR food augmentations
The XR food augmentations were created in Unity using the Meta
XR All-in-One SDK 2, and deployed on Meta Quest Pro and Meta
Quest 3 headsets that supports environmental passthrough. The
XR system captures the physical environment including the dining
plate, enabling virtual food augmentations to be spatially overlaid
onto the plate.

This design slightly reduces the visibility of the real food—as the
physical world is mediated through spatial computing rather than
direct optical transparency—while still preserving sufficient visual
fidelity for diners to eat naturally as they experience the virtual
augmentations.

Our design for XR food augmentations is derived from the Reality-
Impossibility Model [76], introduced in Section 2.1. Inspired by this
model, the research team conducted an ideation session. The team
consisted of four researchers with expertise in human–food inter-
action (two PhD students) and human–computer interaction (one
undergraduate student, one PhD student). During the session, re-
searchers collaboratively brainstormed ten XR augmentation ideas
for each quadrant (see Appendix A, Table 4). These ideas explored
how food could be sensorially transformed across varying degrees
of reality and impossibility.

After evaluating these ideas based on conceptual coherence
(alignment with the meal narrative), perceptual plausibility (how
believable the augmentation feels), and interaction potential (how
the user engages with the effect), we selected four augmentations

2https://developers.meta.com/horizon/downloads/package/meta-xr-sdk-all-in-one-
upm/
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Figure 3: Components of the E.A.T. system: A) a Meta Quest Pro headset used for XR food augmentation and external expressive
displays; B) circular external LCD displays with connecting cables for visualizing pupil movement and physiological arousal;
C) a portable power bank used to supply external components; D) a GSR sensor with ESP 32 and wiring; E) a Meta Quest 3
headset used for XR food augmentation without external displays.

for implementation (Table 2, Figure 4). These four XR food aug-
mentations progressively move from the realistic to the fantastical,
enabling us to examine how varying degrees of “impossibility”
shape users’ multisensory engagement in restaurant.

Table 2: Four food augmentations for implementation

Quadrant Selected Augmentations
Physical Reality (Q1) Adding salt crystals, cream on top

of dessert
Other Reality (Q2) Steam rising from food
Physical Fantasy (Q3) The aurora emanated from the

food

3.2.1 The aurora emanated from the food. This effect introduces
an imaginative yet physically grounded augmentation (Q3) for the
starter dish—beef croquette (Fig. 4A). The dish’s naturally golden

surface informed the visual language of the augmentation: a warm,
yellow aurora-like glow emanates from the food, visually echo-
ing its color while suggesting richness and aroma (Fig. 4B). The
aurora, implemented using a Unity particle system, behaves dynam-
ically—subtly flowing along the plate’s contour and responding to
ambient motion—creating the impression of a dish that is gently
“breathing” with fragrance.

3.2.2 Steam rising from food. This XR augmentation was designed
for the main course—Wagyu porterhouse steak (Fig. 4C). In every-
day dining, visible steam functions as a temporal cue, commonly
interpreted as evidence that a steak has just been cooked and is
at its peak freshness and flavor. As a meal progresses, these cues
naturally fade as the dish cools, signaling the passage of time since
preparation. Situated in the Q2, the steam augmentation constructs
an impossible temporal illusion of heat and freshness (Fig. 4D).
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Figure 4: Physical dishes and corresponding XR food augmentations used in the study: A) starter dish without augmentation;
B) starter dish with aurora-like visual augmentation; C) main course without augmentation; D) main course with virtual steam
and salt effects; E) dessert without augmentation; F) dessert with a virtual cream layer.

Semi-transparent vapor, rendered using particle system 3, continu-
ously rises from the steak and is accompanied by a faint sizzling
sound, visually restoring sensory markers that normally belong
only to the immediate post-cooking moment. Through cross-modal
correspondences between sight, sound, and thermal expectation,
the augmentation aims to enhance perceived warmth and liveliness.

3https://gitcode.com/Universal-Tool/c593b/?utm_source=article_gitcode_universal&
index=top&type=card&

3.2.3 Adding salt crystals. Also applied to the Wagyu porterhouse
steak, this effect draws from Q1, as seasoning a steak with salt is a
common and believable dining action. The augmentation combines
visual, auditory, and embodied interaction modalities. Using hand
tracking (supported by Meta XR All-in-One SDK), diners can grab
and tilt a virtual salt shaker to sprinkle dynamic “salt particles” over
the steak (Fig. 4D). The “salt” particles are rendered using Unity’s
particle system, allowing the salt to follow realistic gravity-driven
fall behavior, accompanied by a subtle sprinkling sound. While
the actual taste of the food remains unchanged, the interaction

https://gitcode.com/Universal-Tool/c593b/?utm_source=article_gitcode_universal&index=top&type=card&
https://gitcode.com/Universal-Tool/c593b/?utm_source=article_gitcode_universal&index=top&type=card&
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emphasizes agency and haptic anticipation, reinforcing the ritual
of seasoning without altering the physical dish.

3.2.4 Cream on top of dessert. This XR augmentation was designed
for the dessert course (Fig. 4E). A layer of virtual glossy cream
appears on top of the dessert, rendered with light reflection and
volumetric shading to simulate its texture and thickness (Fig. 4F).
The cream model was derived from the visual form of the restau-
rant’s pavlova sugar-glaze shell. Situated in the Q1, the design aims
to augment perceived sweetness and visual indulgence by visually
adding a topping.

3.3 Custom physical tray for spatial alignment
To achieve alignment between XR food augmentations and food, the
system uses a controller placed within a custom-designed physical
tray (Fig. 5D), onto which the dining plate is placed. As shown in
the figure, the tray consists of a transparent, box-shaped enclosure
composed of acrylic panels (Fig. 5B). A circular opening at the top
supports the base of the dining plate (Fig. 5A), ensuring consistent
positioning across uses. Inside the tray, directly beneath the center
of the plate, a 3D-printed controller dock 4 (Fig. 5C) holds the
controller in a fixed orientation (Fig. 5E). The transparency of the
clear acrylic material allows the controller’s position relative to the
plate to remain visible and facilitates continuous tracking by the
headset, ensuring that the controller remains active.

In the Unity implementation, this controller defines the refer-
ence coordinate system for placing XR food augmentations. When
the controller occupies this predefined position beneath the plate,
virtual content, our XR food augmentations, are calibrated to ap-
pear at the correct location on the plate surface. Acting as a spatial
anchor, the controller establishes the origin for each visual aug-
mentation, ensuring consistent alignment regardless of the user’s
head movement or viewing angle.

3.4 The "Eyes" system
We chose the circular displays mounted on the exterior of the head-
set, positioned near the eye area (Fig. 1), to approximate the visual
presence of the wearer’s eyes and restore a socially meaningful
point of reference during face-to-face interaction. This design is
inspired by prior work such as FaceDisplay [28] and by commercial
devices including the Apple Vision Pro, which place displays near
the eye area on the outside of the headset.

The “Eyes” system externalizes the diner’s internal states by
integrating physiological sensing, gaze tracking 5, and real-time
visual display—we also call it expressive display. It consists of three
primary components : (1) two Waveshare 1.28-inch circular Liquid
Crystal Displays (LCDs) that serve as the visual “eyes” (Fig. 3B),
(2) a Grove galvanic skin response sensor for estimating diners’
arousal (Fig. 3D), and (3) eye-tracking data captured from the Meta
Quest Pro headset to represent pupil movement.

The visual output is presented on the circular displays driven
by an embedded ESP32-S3 microcontroller running MicroPython.
Physiological arousal is measured using the GSR sensor attached
to the diner’s two fingers via a wired analog connection. The GSR

4https://www.printables.com/model/948307-meta-quest-3-controller-dock/files
5https://github.com/SiiiiWan/Unity6000_Meta_BaseProject_withEyeTracking.git

sensor is connected to a ESP32 board, programmed using the Ar-
duino IDE, which transmits processed arousal data to the ESP32-S3
over a WebSocket connection. In parallel, eye-tracking data is sent
from the Meta Quest Pro headset to the ESP32-S3 over a WebSocket
connection, providing continuous information about the diner’s
pupil movement.

All three components communicate wirelessly over Wi-Fi, and
during the dining experience they are powered via external power
banks (Fig. 3C). The ESP32-S3 merges incoming physiological and
eye-tracking data streams and generates a unified, real-time vi-
sualization on the circular display, forming the complete “Eyes”
interface (Fig. 6). The following subsections detail its two expressive
elements: “iris of the eye” and “pupil of the eye”.

3.4.1 “Iris of the Eye”: GSR visualization. The iris is the colored
part of the eye surrounding the pupil 6. In the design of our external
“Eyes” display, we draw on the colorful characteristic of the iris
as a site for conveying subtle emotional variation. We treat the
iris area as an abstract expressive surface, suitable for representing
internal affective states in a socially legible manner. Based on this
design rationale, we map diners’ physiological arousal to dynamic
visual patterns rendered within the circular display corresponding
to the iris region. Specifically, changes in GSR—a measure of skin
conductance that increases with emotional arousal—are translated
into evolving colors and shapes on the display.

Before the meal begins, diners wear the GSR sensor, after which
the system quietly measures resting GSR for approximately two
minutes to establish an individual baseline. This baseline is used to
interpret relative changes in arousal during the dining experience.
During the dining session, GSR readings are continuously sam-
pled at 10 Hz and compared against this baseline, following prior
work on expressive biofeedback systems Wigglears [61]. When de-
viations from baseline exceed predefined thresholds, the circular
display transitions through four distinct visual states (Fig. 7), each
corresponding to increasing levels of arousal:

• |ΔGSR| < 50→ Fig. 7A: simple, rounded motifs with smooth
gradients and cool tones.

• 50 ≤ |ΔGSR| < 100→ Fig. 7B: moderately intricate patterns
with soft pulsating lines and gentle warm hues.

• 100 ≤ |ΔGSR| < 150 → Fig. 7C: energetic contours with
vivid warm tones.

• |ΔGSR| ≥ 150→ Fig. 7D: jagged, complex geometries with
saturated colors.

The visual grammar is informed by findings from the My Daily
Badge workshop [66], in which smooth shapes are associated with
positive valence, jagged edges suggest tension, and pattern com-
plexity scales with arousal intensity. Color mapping follows the
arousal–valence model [33], gradually shifting from muted to vivid
hues as emotional activation increases. The result is a continuously
symbol of physiological change.

3.4.2 “Pupil of the Eye”: eye-tracking display. While the “iris of the
eye” reflects changes in internal arousal, gaze behavior provides a
complementary expressive dimension by revealing how attention
is distributed during the dining experience [79]. Eye-tracking data
from the Meta Quest Pro is captured and transmitted in real time
6https://www.nei.nih.gov/sites/default/files/2019-06/parts-of-the-eye.pdf

https://github.com/SiiiiWan/Unity6000_Meta_BaseProject_withEyeTracking.git
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Figure 5: Custom-designed physical tray for spatial alignment between XR food augmentations and the dining plate: A) the
dining plate positioned above the tray; B) disassembled acrylic panels forming the tray structure; C) a dock used to hold the XR
controller beneath the plate; D) the assembled transparent tray with the controller dock inside; E) the XR controller seated in
the dock.

to the ESP32-S3. Within the circular display, the position of the
central “pupil” follows gaze shifts detected in the headset (Fig. 8).
This mapping transforms eye movement into an expressive cue,
inviting observers to perceive where the diner’s attention drifts.

4 A STUDY ON EXPERIENCING E.A.T.
We conducted a study to understand the user experience with our
system. The study received approval from our institution’s ethics
review board.

4.1 Diners
We recruited 5 groups of 3 diners (15 diners in total; aged 24-55
years, M = 32.00, SD = 10.92; Table 3). 9 diners identified as female
and 6 as male; none identified as non-binary or self-described. Each
group consisted of individuals who regularly (at least once a year)
went out to eat together and were familiar with one another. All
diners self-identified as individuals with a strong interest in food.
All diners reported no food allergies or dietary restrictions.

Diners were excluded if they reported neurological or vestibular
conditions, or prior XR-related discomfort, to ensure safety and
comfort throughout the study. Prior experience with XR was not
required.

4.2 Study environment and Food
The study was conducted in a restaurant to explore ecological
validity and to situate the E.A.T. system within everyday dining
practices (Fig. 1). A fixed three-course menu (Fig. 4, Section 3.1)
was pre-arranged with the restaurant. The restaurant remained
open to other customers during our study, and no measures were
taken to control for potential disturbances (e.g., background noise,
presence of other diners). This decision was made to preserve the
ecological validity of the study: the presence of other customers
may be related to some participants’ experiences (see Section 5.2.2),
highlighting that such “disturbances” are in fact integral to the
social dynamics of real-world restaurant dining.

4.3 Procedure
4.3.1 Pre-meal. Prior to participation, all diners were introduced
to the study and provided with an explanatory statement detailing
the study purpose, procedure, and data collection. Written informed
consent was obtained from all diners before they were enrolled in
the study. Diners then completed a pre-study questionnaire collect-
ing demographic information, prior experience with XR technolo-
gies, and information regarding food allergies or dietary restrictions.
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Figure 6: The "eyes" system architecture diagram.

Figure 7: Visual language of the “iris of the Eye,” showing four expressive states corresponding to increasing levels of physio-
logical arousal.

Upon arrival at the restaurant, diners were welcomed by the re-
searchers and given a brief verbal overview of the session. Two of
the three diners in each group were then fitted with XR headsets.
A system calibration phase followed to ensure reliable acquisition
of physiological signals. Diners were given a short familiarization
period to acclimatize to wearing the headsets before the meal began.

4.3.2 In-meal. During the shared meal, diners experienced three
setups:

• wearing a Meta Quest Pro headset with XR food augmenta-
tion and external expressive displays (Fig. 9A);

• wearing a Meta Quest 3 headset with XR food augmentation
but without any external display (Fig. 9B);

• not wearing an XR headset (Fig. 9C).

We chose these setups to examine how diners experience XR
food augmentations and interact with co-diners, as well as with
other diners and restaurant staff. Reflecting a future in which some
people may wear XR headsets while others do not, or may use head-
sets with different capabilities, each group included one participant
wearing a headset with external expressive displays, one wearing
a headset that enabled XR food augmentations without external
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Figure 8: Eye-tracking visualization examples for the “Pupil,” demonstrating how gaze direction is mapped onto the position of
the pupil in the external display.

Table 3: Diners’ demographics.

Group Diner ID (Age, Gender) Occupation Relationship

1
D1 (28, F) PhD Student

FriendsD2 (24, F) PhD Student
D3 (25, F) PhD Student

2
D4 (29, F) PhD Student

FriendsD5 (25, F) Undergraduate Student
D6 (27, M) PhD Student

3
D7 (26, M) PhD Student

FriendsD8 (25, F) PhD Student
D9 (24, M) PhD Student

4
D10 (30, F) Solicitor

FriendsD11 (29, F) Solicitor
D12 (30, M) Software Engineer

5
D13 (55, F) Food Writer

FriendsD14 (52, M) Producer
D15 (51, M) Industrial Designer

displays, and one wearing no headset. Participants rotated the head-
sets after each course, ensuring that all participants experienced all
three setups.

Diners were encouraged to eat, converse, and interact with one
another as they normally would during a shared meal. No explicit
tasks or scripted interactions were imposed in order to preserve
natural dining behavior.

Throughout themeal, physiological signals were captured contin-
uous. In the expressive XR setup, corresponding visualizations were
rendered in real time on the external displays of the XR headsets.

Whenever a diner transitioned into or out of an XR setup involving
the external expressive display, a brief recalibration procedure was
conducted to ensure reliable physiological signal acquisition and
accurate mapping between signals and visualizations.

4.3.3 Post-meal. Each group of diners was afterwards invited to a
semi-structured group interview (approx. 60 minutes). The micro-
phenomenology interview technique [62] was applied to capture
subjective experience. The emphasis lied on experiential dimensions
such as thought, perception, and sensation [60]. Interviews were
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Figure 9: In-meal study setups: A) wearing an XR headset with external expressive displays; B) wearing an XR headset without
external displays; C) not wearing an XR headset.

audio-recorded and later transcribed for analysis. Diners could skip
questions or terminate the interview at any time. Finally, diners
were thanked for their participation.

4.4 Data analysis
We conducted a reflexive thematic analysis [7] through a three-
stage analytic process. In the first stage, NVivo 15 was used to
support initial coding, with each question–answer pair treated as a
single analytic unit. Two researchers familiarized themselves with
the data through repeated reading and reflexive memo-writing,
generating an initial set of codes grounded in the data.

In the second stage, the coding outputs from NVivo were ex-
ported to a collaborative online whiteboard (Miro), where codes
were visually organized, compared, and clustered through iterative
discussion.

In the final stage, we reviewed and refined all coded units, retain-
ing 118 analytic units that were relevant to the research questions.
Through this iterative process, five themes were developed; this
paper focuses on three themes that directly relate to our research
question.

To complement the thematic analysis, we conducted a parallel
review of the video recordings we took with participant consent
during the meals to observe behavioral indicators, such as eating
patterns, social interactions, head and hand movements. While
these behaviors were not formally coded, they informed our inter-
pretation of attention, bodily engagement, and system responsive-
ness.

5 FINDINGS
We now present our findings (F) through the following 3 themes:

5.1 Theme 1: Shaping experiential engagement
through XR food augmentation during
dining

Across groups, diners articulated a boundary between XR visual
augmentations and bodily gustatory sensation. As D2 remarked,
despite seeing salt being added, she “knew it was virtual,” and there-
fore did not experience the food as saltier. Similar observations
were reported by D3, D9, D10, and D14, who described the virtual
cream as visually present yet detached from their embodied tasting
experience.

Despite recognizing the limited effectiveness of the augmenta-
tions for altering taste, diners described shifts in attention, expecta-
tion, affective experience, and playful engagement during dining.

5.1.1 F1. Visual augmentation reorganized attentional focus around
the dish. Diners described changes in how the dishwas foregrounded
as an object of attention during the meal. We observed that with vi-
sual augmentations such as the glowing effect on the starter, diners
looked longer and more closely at the plate and the food itself. D7
likened the effect to aroma becoming visible, describing it as “the
smell of the food coming out in waves,” which intensified attention
toward the dish when combined with its real scent (D7). One inter-
pretation is that, in these moments, the augmentation may have
functioned primarily to redirect where attention was placed, rather
than to change what the food was understood to be.

5.1.2 F2. Multisensory interaction guided diner’s anticipatory en-
gagement. When visual and auditory cues were combined-most
notably in the main course augmentation featuring rising steam ac-
companied by sizzling sounds—diners described the dish as appear-
ing “freshly prepared” (D9) or “more appealing” (D3). We observed
that these impressions emerged even as diners emphasized that
the food did not taste hotter or different during consumption. D9
articulated this temporal layering clearly, distinguishing between
multiple experiential phases: first “noticing the sound and steam” ;
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then interpreting these cues as signaling that the food would be
“more delicious” and “emotionally satisfying” ; and finally realizing
during eating that the food itself was not actually hotter. For D1,
contextual factors amplified affective weight, as she described an
immediate sense of comfort and happiness when encountering
“the steam effect on a cold day”, noting that it made the dish feel
“especially satisfying”.

We also observed that augmentations that incorporated bod-
ily interaction further intensified engagement. The “adding salt
crystals” augmentation, which combined visual effects (virtual salt
crystals), sound (the sound of sprinkling salt), and bodily movement
(grasping a virtual salt shaker and sprinkling salt), was consistently
described as more engaging than purely passive visual and auditory
effects. The researcher observed that D6 repeatedly sprinkled salt
while waiting for the dish; in the interview, he framed the inter-
action as a “playful occupation” during moments of waiting. D3
was the only participant who reported a slight perceived impact
on taste, attributing it to the fact that she actively performed the
action of sprinkling salt, supported by synchronized visual and au-
ditory feedback: “the salt effect perfectly matches how I normally use
a salt shaker, how I grab it, give it a couple of shakes, and then every
time I shake it downward, the salt grains come out very precisely
[...] the sound design is closely resembles that familiar click-click
sound you get from the kind of salt shakers we usually use in every-
day life.” Based on this, we could say that agency and embodied
actions appear to modulate how diners attribute meaning to XR
interactions.

5.1.3 F3. Playfulness triggered shared moments. Beyond individual
perception, we found the XR augmentations appeared to enrich
the social atmosphere of the meal by introducing playfulness and
shared moments of amusement. Diners frequently described the
experience as “playful” (n=6), “interesting” (n=7), and “fascinating”
(D13), often emphasizing its novelty. As D10 noted, wearing an XR
headset during ameal was itself a “rare” and “memorable experience”.
From researchers’ observation, these playful qualities sometimes
redirected attention toward other diners. For example, in Group 1,
during the main course, D2 playfully “sprinkled” virtual salt onto
the head of a non-headset-wearing diner (D1), knowing that D1
would not be aware of what was happening and treating the action
as a playful prank. Another headset wearer, D3, recognized the
action and joined in the laughter, with D2 remarking, “It was super
funny.” We interpret this as suggesting that, in such moments, the
augmentations might function as a shared social prop and that they
may have facilitated playful interaction.

However, diners also reflected critically on the longevity of this
effect. D2 questioned the sustainability of the experience, noting
that while it was enjoyable as a one-off novelty, familiarity quickly
diminished its appeal: “I wouldn’t want to play with it again next
time.” This highlights a tension between novelty-driven engage-
ment and long-term experiential richness, suggesting that main-
taining playfulness in XR dining may require greater diversity,
adaptability, or narrative progression rather than static effects.

5.2 Theme 2: Supporting social interaction
through visible affective cues in restaurants

Across groups, diners (D1, D2, D3, D4, D7, D8, D9, D10, D11) in-
terpreted the external display as a new layer of affective legibility
that shaped social coordination and mutual awareness during the
meal. Specifically, D2 described the external display as contributing
to the atmosphere of the meal, noting that it could “bring up the
mood” and “make the meal more fun.” D6 framed it as an opportu-
nity for mediated self-expression, describing the external display
as something that could “express for me.” D3 emphasized the loss of
conventional cues caused by XR headsets, explaining that without
the external display, it became harder to infer others’ states: “Even
if I look at her, I can only see whether she’s smiling or not [...] I can’t
see her eyes.” These accounts suggest that the external display func-
tioned as a compensatory social layer, partially restoring legibility
when facial cues were obscured. We identified four interrelated
findings that illustrate how the affective interface reshaped social
scenarios during dining:

5.2.1 F4. Expressiveness of display. From examining the videos,
we observed that the external display frequently changed color
in response to both sensory and social stimuli. For example, the
external display of D12 turned to visual state 4 (Fig. 7D) when
tasting the sour dessert, while similar state changes also occurred
during moments of animated conversation. D7 described how the
external display became an expressive tool for others: “Others can
know what state you’re in right now through the display, whether you
like the dish or not.” We aslo observed that in Groups 1 and Group
4, diners used the displays as conversational material, joking about
or teasing each other based on the external display. For example,
Group 4 appropriated the display for playful gossip, turning it into a
“trigger game” in which diners without external display collectively
observed how the “eyes” display wearer (D11) responded when
different people and different event were mentioned. When D11
heard a person’s name and the display color suddenly changed to
the high arousal visual, D10 started teasing her about why she was
reacting so strongly to that person.

However, the expressiveness of display was not immediately ob-
vious. D4 reflected that the external display felt “more like a bodily
extension, not the real eye,” and importantly, its emotional meaning
was unclear at first. Over time, D4 gradually learned the mapping
between display changes and lived experiences, the external dis-
play became “fun”. This suggests that interpretability of affective
interfaces in dining contexts emerged through social interaction.

Furthermore, diners also noted limitations in the emotional range
conveyed by the display. D2 pointed out that the color mapping
primarily represented calm-to-positive states: “Because the blue [on
our display] represents a normal state, and then ‘happy,’ ‘happier,’ and
‘super happy,’ but it seems there isn’t anything for ‘unhappy’ [. . . ]
so it feels like this system can only convey happy states or positive
emotions.” In contrast, her co-diner, D3, perceived this limitation as
appropriate for the dining context, remarking that such a display
“fits well with eating together.”

5.2.2 F5. Affective visibility raised concerns about boundaries. Al-
though the external display appeared to increase social legibility,
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diners repeatedly emphasized the importance of boundaries around
affective visibility, particularly in restaurant settings.

Among friends, the external displays were described as “playful”
(D7), “acceptable” (D1, D4), and “interaction-promoting” (D1, D3).
Yet even within close relationships, D8 felt that physiological visu-
alization could be “too revealing”, exposing thoughts or reactions
they preferred to keep private. With strangers, concerns could be
intensified. For example, D3 described feeling uneasy about being
looked at by diners at neighboring tables, likening the experience
to being “an animal in a zoo.” She explicitly rejected attention from
strangers, stating, “If it’s a stranger [. . . ] I really hate it. [. . . ] Don’t
look at me!” Although she noted that strangers might not yet under-
stand the meaning of the display, she emphasized that once these
meanings became common knowledge, the visualized reactions
would feel like “very private information.” To mitigate this discom-
fort, D3 suggested placing the external displays on the table (Fig.
10), where they would be visible only to dining companions and
thus feel more socially comfortable.

Diners also raised concerns about exposing their biodata to
restaurant staff. D9 speculated that owners or servers might inter-
pret calm or muted displays as dissatisfaction, effectively turning
the external display into an implicit feedback channel: “For the
restaurant, this is actually a good thing—it gives them feedback from
customers [...] If everyone reacts very mildly to a dish, it probably
means the dish is rather unremarkable.” While such feedback might
appear efficient, diners described it as potentially transforming the
experience into one of being monitored rather than cared for, as
D8 put it succinctly: “I wouldn’t want them to see that [the external
display].”

At the same time, three diners(D6, D7, D9) valued the way the
headset obscured their real facial expressions. D6, for instance,
described the external display as a protective mediator: “I feel like
I can hide behind it.” For him, the display acted as a substitute
agent—“a little robot that connects with others for me”—allowing
connection without full exposure. Together, these accounts suggest
that affective interfaces for diningmust carefully negotiate intimacy,
visibility, and situational appropriateness.

5.2.3 F6. Uneven distribution of expressive visibility reshaped par-
ticipation. All diners (D1–D15) pointed out that the XR headsets
already introduced a degree of social isolation, even though they
had the pass-through functionality. For example, D4 said, “once I
put it on, I was just eating my own food by myself.” The uneven
distribution of expressive visibility was associated with imbalances
in participation. As D3 noted, individuals wearing the expressive
display often became focal points in interaction, “as if whoever has
the display automatically gets more attention,” while non-wearers
risked becoming socially “transparent,” contributing less visibly to
the shared exchange. D12 linked this spotlight effect to personality
differences, suggesting that people who “seek attention” might wel-
come the display. We speculate, for diners who preferred to remain
quiet or observe, such heightened attention could be uncomfort-
able, particularly in mixed groups with differing levels of social
confidence.

Together, these dynamics suggest that affective interfaces for
dining do not merely reveal emotions; they actively reconfigure

patterns of participation by redistributing who is seen, interpreted,
and responded to during shared meals.

5.2.4 F7. Spatial configuration relocated affective cues into the shared
dining space. We observed that diners actively experimented with
the two external displays to better align affective expression with
the dining scenario during study, indicating that form, placement,
and playfulness can meaningfully shape how the interface is inte-
grated into shared meals. While researchers initially positioned the
displays near the location of the wearer’s real eyes (Fig. 9A), diners
(D6-D15) altered this configuration. For example, D6 intentionally
repositioned the two external displays in a playful arrangement (as
shown in Fig. 10B), explaining that this repositioning contributed a
“sense of humor” and made him feel more at ease at the table.

D8 explored spatial redistribution across the table, placing one
display on the table and the other on their head (as shown in Fig.
10C), using the former for self-observation and the latter for social
sharing: “One ‘eye’ on the table lets me see how my emotions change
when I eat, and the one on my head lets others see it.” In another case,
D9 placed both displays on the table: one closer to himself and one
at the center (Fig. 10A). D7, a dining partner seated opposite D9,
reflected that the table-placed display drew more attention, noting
that “when you’re eating, you’re usually looking down, so it’s easier to
notice the one on the table.” This suggests that table-level placement
may better align with natural eating posture, making affective cues
more accessible during the meal.

5.3 Theme 3: Diner comments
Across groups, diners articulated a set of complaints in which XR
experiences were perceived as sources of disruption during eating,
interfering with their ability to see (D1, D2, D3, D4, D5, D6, D8, D9)
and comfortably consume food (D1, D2, D6), as well as to maintain
ordinary social engagement at the table (D2, D3, D7, D13).

5.3.1 F8. Augmentation obstructed visual access of food. Multiple
diners (D3, D5, D9) reported that XR visual augmentations and head-
sets’ pass-through feature interfered with their ability to clearly
see and assess food during eating. D3 described how the headset
disrupted her routine visual inspection of the dish, preventing her
from identifying texture, color, and ingredients prior to consump-
tion: “It still affects my field of view [. . . ] I can’t clearly observe the
texture of the steak [. . . ] I can’t really tell what ingredients are in
it [. . . ] I have to eat it [to know] what it’s made of, which is not a
good influence.” D5 echoed this sense of obstruction, stating that “I
didn’t really know where my mouth was,” which made it difficult to
judge distance while eating. During the dessert course, D9 described
the virtual cream layer as blocking their view of the physical food
beneath, noting, “I wanted to lift it away.”

5.3.2 F9. Camera-mediated XR headset interfered with social engage-
ment. Beyond eating itself, diners also described head-mounted dis-
plays as disrupting social engagement at the table. D3, for instance,
noted that without a headset, she could look at her companions
while eating, whereas with the headset she was forced to focus on
the food and utensils: “Normally I can eat without watching the food
[. . . ] today I have to stare at the food and my chopsticks to get it into
my mouth.” From the perspective of non-wearing diners, this shift
was experienced as a sense of social disconnection. D2 described
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Figure 10: Collage of examples of different spatial placements of the external “Eyes” displays during dining: A) both displays
placed on the table; B) both displays mounted on the XR headset; C) one display on the headset and one placed on the table.

the feeling that headset-wearing companions became “absorbed in
their own experience,” resulting in fewer opportunities for direct
interaction and shared conversation. D3 similarly reported ignoring
or losing track of headset wearers, as they could not see their eyes
or easily infer their state of engagement.

6 DISCUSSION
Our themes illustrate how XR food augmentations and external-
ized affective cues can shape social experience and interactional
dynamics in co-located dining. In this section, we discuss how
these findings extend prior work on crossmodal food experience,
XR-mediated social interaction, performative interaction, and HFI,
and distill six design considerations based on the craft knowledge
gained through designing our system and our understanding of the
associated user experiences, to inform future interaction design.

6.1 XR Food Augmentation Beyond Taste
Modulation

We observe that in this real-world restaurant context, taste effects
were not prominent (Theme 2). Across participants, visual and audi-
tory augmentations were recognized as virtual (D2) and were rarely
described as directly altering gustatory sensations. In contrast to
prior laboratory-based studies, which have shown that visual and
auditory cues can influence taste perception under controlled condi-
tions [13, 40, 54, 67, 68, 77, 80], our findings suggest that such effects
may not directly transfer to real-world restaurant dining contexts.
One possible interpretation is that such effects may be context-
dependent, and there is a contextual difference between controlled
taste experiments and situated dining experiences, highlighting the
need for further in-situ investigations.

We acknowledge that our XR augmentation designs did not repli-
cate earlier crossmodal paradigms in a strictly manner. However,
our design rationale was explicitly informed by prior crossmodal
research, and the absence of taste-related effects persisted despite
this grounding. Taken together, these findings suggest that while
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crossmodal effects on taste are empirically robust in laboratory
environments, their transferability to real-world restaurant con-
texts remains an open question. Additional in-the-wild studies are
therefore needed to examine how, when, and for whom such effects
might meaningfully manifest beyond the lab.

Based on our observations, we speculate that XR augmentations
may be better suited for shaping experiential and social dimensions
of dining, rather than functioning as direct taste modifiers:

6.1.1 Design consideration 1: Consider XR augmentation as an expe-
riential layer for a reconfigurable dining process. Recent research in
consumer and hospitality studies argues that contemporary restau-
rants should offer experience-centered, emotionally rich and mem-
orable encounters rather than purely functional meals to remain
competitive [55]. Our findings indicate that XR augmentations
shaped diners’ engagement in several ways (Theme 1). Specifically,
we observed that they influenced attentional focus at the table (F1),
shaped anticipation before eating (F2), and contributed to a playful,
shared experience throughout themeal (F3). Based on these observa-
tions, we explore several design directions for restaurants to create
"competitive" [55] meals. For instance, insights from F1 indicate
that XR could possibly be used to design moments of heightened
attentional focus at the table. Visual and auditory augmentations
may be leveraged to mark transitions, frame dishes symbolically,
or introduce reflective pauses. These could be aligned with festive
occasions, seasonal themes, or narrative reveals—for example, dy-
namically presenting the meaning of a dish, its cultural background,
or a message from the chef as part of the dining ritual.

Our tray-based design explored how XR could be integrated
into existing service practices without requiring infrastructural
change. Restaurants could appropriate similar spatial anchoring
strategies to support dish-by-dish storytelling, synchronizing XR
visuals, soundscapes and body movement with the courses. This
approach resonates with precedents such as the “The Sound of
the Sea” seafood dish of the Fat Duck restaurant [70], in which
diners listen to ocean waves while eating, reinforcing the maritime
narrative of the food. Our work tried to extend this dish design by
showing that XR-driven visual augmentation (F1), soundscapes (F2)
and body movement (F3) can function as an additional experiential
layer, enriching narrative coherence.

6.2 Designing affective interfaces as
performative resources in social dining

Our findings reveal the potential of the design of E.A.T. to function
as a form of social performance (F4, F5). For instance, D6 described
the external display as a social agent that supported their interaction
with others. This resonates with the work of the twentieth-century
sociologist Erving Goffman, who conceptualized everyday social
interaction as a form of performance. Goffman argued that indi-
viduals continuously “perform” in front of others, and that social
life can be understood as a theatrical stage [25]. He distinguished
several key concepts:

• Front stage: the self that is intentionally presented to others,
such as being kind among friends or well-behaved in front
of relatives.

• Back stage: a space where individuals can temporarily drop
their performance, including moments of complaint and
emotional leakage.

• Role: not an inner essence, but a set of behaviors expected
within a specific social situation.

• Impressionmanagement: the ongoing adjustment of speech,
action, and expression to influence how one is perceived by
others.

Commensality, as a form of social activity [15, 19, 29, 53], can thus
be understood as a performance, where the dining table becomes
a performance stage. Building on Goffman’s framework and our
system design, we now outline three design considerations for
future designers aiming to support performativity in XR social
dining contexts.

6.2.1 Design consideration 2: Consider ambiguity as a design re-
source for biodata to support diners’ front stage performance. Our de-
sign employed ambiguous mappings between physiological arousal
data and visual expression on the external display. Rather than
presenting explicit emotional labels or direct interpretations (e.g.,
“liking”/“disliking,” graph-based representations, or numbers), or
replicating realistic human eyes (as seen in devices such as Apple
Vision Pro), changes in color and pattern were used as expressive
yet ambiguous signals. Findings from F4 indicate that this ambiguity
enabled participants to engage in social interpretation and collec-
tive sense-making. Importantly, no participants reported a need for
more precise emotional labels for the display to function socially.
This observation resonates with Gaver et al.’s concept of ambiguity
as a design resource that can support play and interpretation [23].
We further speculate that in social dining contexts characterized by
performative interaction, ambiguous affective cues might be more
appropriate than precise feedback, as they leave room for diners to
perform on the “front stage” [25].

6.2.2 Design consideration 3: Consider exaggeration to enrich per-
formative expression. Our design deliberately exaggerated affective
expression through oversized eye representations (using a 32 mil-
limeters circular display, compared to the typical human eyeball di-
ameter of approximately 23 millimeters), amplified pupil movement,
vivid color transitions, and dynamic patterns that exceed the sub-
tlety of everyday ocular cues. These design choices were informed
by prior HCI research on exaggerated expression [18, 24, 44, 46].
Such exaggeration has been shown to compensate for perceptual
loss in human–machine interactions [24] and to mitigate the un-
canny valley effect, as lower-fidelity representations often require
greater exaggeration to convey emotional intensity comparable to
real human faces [44].

In addition, our findings suggest that deviations from the norma-
tive spatial configuration of human eyes-namely, two horizontally
aligned eyes symmetrically positioned on the face—can introduce
humor (D6, Fig. 10B). This aligns with Goffman’s claim that the
face is a socially managed object [25].

Building on the above insight, and in light of the growing body of
HFI work on multisensory design [12, 16, 80], we propose a future
direction toward socially multisensory design for commensality.
Prior HFI research has primarily examined how multisensory cues
enhance individual taste perception, for example through systems
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such as immersiTea [80], an XR experience that enriches bubble
tea consumption through visual and auditory augmentation. In
contrast, social dining opens up opportunities for multisensory
expression that foreground interpersonal meaning. For instance, af-
fective cues might be conveyed through olfactory channels, where
emotional responses to food are externalized as interactive scents
perceivable by co-diners, or through audiovisual modalities, in
which “eyes” express emotion via coupled visual dynamics and mu-
sical or auditory signals. Such approaches could help compensate
for the reduction of social cues in XR dining scenarios by distribut-
ing affective information across multiple sensory modalities. While
our current system remains visually focused, we invite designers to
explore commensality experiences that extend beyond visual pres-
ence and move toward interactions that go “beyond being there”
[32].

Exaggeration may also be explored beyond the face by recon-
sidering the body itself as an expressive surface. Prior HCI work
has framed the body as a canvas for digital information [31, 42, 43].
Given that bodily gestures and posture already function as key
carriers of social meaning [4], future designs could investigate how
technologically-driven exaggerated expressions distributed across
the body—such as posture, movement, or spatially augmented body
parts—might serve as additional social signals in commensality
contexts.

Furthermore, the notion of exaggeration can be further extended
through recent advances in generative AI. With the increasing ma-
turity of AI-based image generation techniques [36], exaggerated
affective expressions could be dynamically generated by combin-
ing generative models with richer streams of physiological data
(e.g., heart rate variability, skin conductance), all while considering
the ethical implications. Such an approach would allow for more
adaptive and diverse visual representations of momentary affective
states [10], expanding the design space of affect–expression map-
pings beyond fixed or predefined patterns, potentially aligning well
with the dynamic, rich, and ephemeral character of commensality
experiences..

6.2.3 Design consideration 4: Consider removal as needed for a better
social dining atmosphere. Our design excluded explicit representa-
tions of negative valence (e.g., dislike, discomfort, or dissatisfaction).
The four arousal states of the "Eyes" system progress from calm to
heightened activation without encoding negative affect, aligning
with dining as a culturally situated activity oriented toward enjoy-
ment, togetherness, and social harmony. D2 explicitly noticed this
design choice, while D3, who was grouped with D2, interpreted it
as appropriate for a shared meal in which maintaining a pleasant
interactional atmosphere was expected (F4). Diners’ accounts sug-
gest that filtering out negative affect supported social comfort and
reduced anxiety about being judged, rather than being perceived
as a loss of expressiveness. In this sense, the display participated
in the construction of a socially acceptable “table persona,” a "role"
[25], allowing diners to manage how they were seen by others
while maintaining a convivial atmosphere. Such selective visibility
aligns with Goffman’s notion of impression management [25], as
well as with existing products such as the Qudi Mask7, which frame

7https://qudi.tech/pages/qudi-mask-2

partiality and masking as essential to maintaining social interaction
in social interfaces.

Nevertheless, we acknowledge that a fuller range of affective
expression—including negative or ambivalent states—represents an
important and underexplored design space.

We recommend that designers consider the strategic removal
and addition of expressive dimensions as a design resource in so-
cial dining. In some situations, minimizing negative affect may be
desirable to sustain harmony, while in others—such as moments
of intentional disclosure or conflict negotiation—designers might
deliberately surface otherwise suppressed expressions (e.g., calm
yet clearly angry states), thereby selectively amplifying "back stage"
[25] expressions. Designing such expressive dimensions to be per-
sonalizable could further empower users to align affective visibility
with their social intentions and situational goals in commensal
contexts.

To make this concept more concrete, consider the following
common dining scenarios and how strategic removal might apply:

• Scenario A: Friends catching up. In this context, diners
may want to share genuine reactions—including dislike or
dissatisfaction—as part of authentic conversation. Here, a
system might enable negative expression, but allow users
to temporarily “mask” it (e.g., with a gesture or glance) if a
sensitive topic arises.

• Scenario B: Dining with strangers or acquaintances.
In more formal or less familiar settings, explicit negative
signals could create social awkwardness. A system might
filter out negative emotion by default.

• Scenario C: Service interaction.When interacting with
restaurant staff, diners may prefer that affective displays
remain private to avoid being evaluated or served differently.
A system could automatically pause external display updates
when a server approaches, or allow diners to toggle visibility
with a simple interaction.

6.3 Reconstructing togetherness in co-located
XR dining

Our findings suggest that togetherness in XR co-located dining
is actively constructed through the external expressive displays
(Theme 2). Participants’ interactions with the external displays,
such as interpreting affective changes (F4), negotiating boundaries
of affective visibility (F5), experiencing uneven expressive partic-
ipation (F6), and physically reconfiguring display placement (F7),
suggest that XR dining experiences are shaped by how affective
cues are socially accessed and situated.

6.3.1 Design consideration 5: Consider designing for bodily percep-
tion in XR social dining. Diners reported that the externalized pupil
movement and arousal cues fostered a heightened sense of being-
with others (F4), suggesting that our system supported togetherness
through embodied sociality by making biodata visible and socially
perceivable. Togetherness thus emerged through a reciprocal loop
of perceiving and being perceived. These findings align with prior
HFI work Arm-A-Dine prototype [47], which achieves embodied
sociality by attaching a robotic arm to each diner’s body and map-
ping one diner’s facial expressions to the other’s feeding actions.
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While Arm-A-Dine embeds sociality at the level of bodily action
by reconfiguring eating movements across bodies [51], our system
extends this line of work by demonstrating that embodied sociality
can also be realized at the level of bodily perception. We propose
that, in social dining contexts, bodily perception is as important
as bodily action, as togetherness emerges not only from shared
activities but from diners’ continuous perceptual attunement to
one another’s bodily expressions [19, 75]. For researchers of social
dining experiences, bodily perception could be considered an XR
design concern, with attention given to how diners perceive and
are perceived by others through subtle bodily cues.

6.3.2 Design consideration 6: Consider configuring affective vis-
ibility for situated privacy in restaurant XR dining. Our findings
suggest that affective visibility introduced by the external displays
is perceived as enjoyable yet potentially intrusive when they ex-
ceeds diners’ desired social boundaries (F5). Diners described the
external display as acceptable when affective cues were shared
among friends (D1, D4), and reported that it fostered a sense of
togetherness during the meal (D1, D2, D3, D7). However, achiev-
ing togetherness through the display of physiological signals was
not desirable for all diners. Participants emphasized that such sig-
nals could be perceived as personal and private (D8), particularly
in restaurant settings where affective displays could become visi-
ble to unintended audiences, including neighboring diners (D3) or
restaurant staff (D8). This divergence in how affective visibility was
experienced suggests that affective interfaces in dining contexts
need to be designed around situated privacy. This result aligns with
a growing body of affective computing research emphasizing that
emotional data are inherently sensitive, thereby carrying privacy
risks [17, 49].

Our diners also explored spatial configurations as a way of nego-
tiating affective visibility (F7). For example, D8 placed one display
on the table while keeping the other on their head, using the table-
mounted display for personal reflection and the head-mounted one
for sharing with co-diners. D9 moved both displays onto the ta-
ble, noting that table-level placement better limited exposure to
unintended audiences. Together, these practices raise questions
about how social cues should be reconstructed in XR dining: rather
than being faithfully reattached to their original bodily locations,
affective cues in co-located settings can be spatially reconfigured
to support situated privacy, allowing diners to dynamically con-
trol who can perceive their internal states and under what social
conditions.

To better support HFI researchers in balancing togetherness and
privacy when investigating XR co-located commensality, we artic-
ulate a framework defined by two orthogonal dimensions: degree
of togetherness and publicness of experience (Fig. 11). The degree
of togetherness captures how strongly diners are affectively and
interactionally coupled during XR dining experiences. The public-
ness of experience describes the extent to which affective cues are
perceptible to others beyond the wearer.

We position expressive displays mounted on the exterior of XR
headsets, near the eyes (Fig. 9A), in the second quadrant, character-
ized by high togetherness and low privateness. In this configura-
tion, affective expressions are readily visible to co-located diners,

thereby supporting social awareness and shared engagement. Al-
though users may temporarily reduce visibility—for example, by
covering the display with their hands or turning away—such ac-
tions require deliberate effort and do not fundamentally alter the
public-facing nature of the display. In contrast, we position expres-
sive displays embedded in the tabletop in the fourth quadrant (Fig.
10). This configuration affords relatively high togetherness while
preserving higher privateness, as affective cues are spatially local-
ized and allow diners to selectively control who can perceive social
signals. Looking forward, we encourage HFI researchers to further
explore alternative spatial configurations of expressive displays for
XR dining, including integrations with tableware or other dining ar-
tifacts, to systematically examine how different placements mediate
the trade-off between togetherness and privacy for XR co-located
commensality.

7 LIMITATIONS AND FUTUREWORK
This work is subject to several limitations, which also point toward
directions for future research and system development.

First, this study simultaneously introduced personalized food en-
hancement and social externalities, thereby limiting its capacity to
isolate the origin of specific effects. For instance, it remains unclear
whether the user’s perceived senses arises from elaborate virtual
decorations or from the novel form of social interaction. Future
research should further disentangle the respective contributions
of these two dimensions, for example, through A/B testing. Nev-
ertheless, as an initial exploration, the present study prioritized
ecological validity over experimental control. Also, in this study, we
did not intend to measure the frequency of observed behaviors or
the strength of patterns, because our current focus is on exploring
other possibilities around the design of the system, rather than
investigating which specific factors cause what behaviors. How-
ever, future work could consider measuring these aspects to test the
generalizability of our findings or to compare the relative impact
of different design choices.

A second limitation relates to the lack of direct food tracking.
In the current implementation, the system does not track food
objects. Instead, spatial alignment between virtual augmentations
and food relies on a custom-designed traywith a controller as a fixed
spatial anchor. This design choice was largely driven by technical
constraints: at the time of system development, AR Foundation
and related toolchains did not provide support for image tracking
on Meta Quest headsets. If future Meta Quest devices or software
frameworks support object recognition and image tracking, XR
food augmentations could be anchored directly to the food itself.
For example, edible symbols could be embedded into food using
emerging fabrication methods such as 3D food printing or food-
grade print pens, enabling object recognition or image tracking.
This might ultimately lead to a point where the system knows how
much food (and what kind) is put on every fork action, allowing
to overlay every bite with its own individual augmentation. This
could result in much more fine grained food augmentations that
might enhance the user experience, extending our currently coarse
approach. We hope that our work paves a way towards such a
future.
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Figure 11: A design space illustrating how XR dining experiences can vary along the dimensions of togetherness and publicness
of experience.

A third limitation relates to visual occlusion. As reflected in
Theme 3, diners (D1, D2, D3, D4, D5, D5, D8, D9) reported that
XR augmentations sometimes obstructed visual access (F8) to food
and interfered with social eating (F9). This highlights a broader
challenge for XR food systems: balancing experiential augmentation
with the practical demands of eating; rather than waiting for head-
mounted displays to improve in clarity or functionality, it may be
equally important to investigate how existing hardware constraints
can be leveraged and optimized to maximize experiential value.

Another limitation of this work lies in its exploratory and quali-
tative methodology. As an early investigation of XR-mediated com-
mensality in real restaurant settings, the study prioritizes situated
experience, meaning-making, and social dynamics over controlled
measurement, and therefore does not seek to quantify physiological,
behavioral, or affective outcomes; although physiological signals
were used for expressive feedback, they were not analyzed as mea-
sures of engagement or arousal. Consequently, the findings should
be understood as generative insights rather than evidence of causal
effects. Future research could extend this foundation throughmixed-
method designs that combine qualitative accounts with quantita-
tive measures and controlled comparisons, enabling a shift from
exploratory understanding toward more explanatory and evalua-
tive claims. Furthermore, the system was studied in a short-term,
novelty-driven context. While diners often described the experience

as playful and engaging, some questioned its long-term appeal. Fu-
ture research should therefore examine how XR dining experiences
might evolve over repeated use.

8 CONCLUSION
We aimed to broaden the scope of XR commensality by investi-
gating how expressive XR systems can modulate co-located social
dining in restaurants. Through the design of E.A.T., we created an
XR social dining system that integrates food augmentation with
outward-facing affective biofeedback, and studied how diners inter-
preted and shaped their multisensory and social experiences. Our
findings revealed key themes concerning attentional orchestration,
affective sense-making, and the redistribution of social participa-
tion during shared meals. Based on these themes, we proposed
design considerations for XR and HFI practitioners and researchers
interested in supporting socially expressive and situated dining
experiences. As an early-stage exploration, this work lays ground-
work for future research on XR systems that support meaningful
togetherness, contributing to broader discussions of eudaimonia in
the digital age.
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Table 4: Quadrants of the Reality–Impossibility model with example effects.

Quadrant Description Example Effects

Q1. Physical Reality
(real world + real physics)

Small, believable sensory boosts —
things that could happen in real life.

Adding salt crystals
Chilli appeared in food
Lemon appeared in food
Chocolate crumbs or flakes falling
Cream on top of dessert
Juicy reflection on meat
Ice cube in drinks
Parsley on the surface of the food
Adding pepper
Mint on food

Q2. Other Reality
(real world + breaks
physics)

Real food, but with impossible motion
or timing.

Steam rising from food
Salt grains float upward and fall back
Lemon slice reverses time — juice flows back in
Chocolate swirl levitates and reshapes
Cream drip freezes mid-air
Steam forms geometric shapes
Ice hovers above drink
Soup bubbles play sound notes
Food rebuilds itself after bite
Gravity bends around plate

Q3. Physical Fantasy
(fantasy look + real
physics)

Imaginary or symbolic foods, but still
obey gravity and realism.

Crystal-shaped salt blocks glowing faintly
Golden chilli vines growing around plate
Lemon sun or citrus planet hovering just above
Chocolate river flowing through plate
Cream clouds that puff when touched
Seasonal blossoms growing near dish
The aurora emanated from the food
Animated bees gathering honey
Fairy dust sprinkles (but fall realistically)
Moonlight reflection on soup surface

Q4. Other Fantasy
(fantasy world + breaks
physics)

Total imagination — dream-world din-
ing, breaking every rule.

Food turns into glowing energy orb
Bite releases stars or galaxies
Chocolate comet orbiting the table
Lemon sun explodes into light
Cream transforms into clouds carrying you up
Chilli dragons flying out of bowl
Salt becomes snowstorm
Steam forms spirits or faces
Table floats in space
You become the food or planet
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