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Figure 1: Overview of XTea system. Real-time modulation of the virtual environment based on participant input during bubble
tea consumption: A) request for increased sweetness; B) satisfaction with current state; C) request for heightened sourness.
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Abstract
Drinking is an inherently multisensory activity, yet the potential
of immersive technology to dynamically shape flavor experiences
remains underexplored in Human-Food Interaction (HFI) research.
We introduce “XTea”, an adaptive beverage cup-based system that
integrates large language models to translate natural language in-
put into modifications of a parameterized immersive environment
experienced through a headset when drinking bubble tea. Through
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a study with 12 bubble tea enthusiasts, we derived themes that
demonstrate how �XTea� can enrich sensory engagement, support
personalized and agentic experiences, and foster social qualities
of drinking, pointing toward new explorations for multisensory
HFI design. We also present four design strategies for multisensory
beverage experiences. Ultimately, we aim to contribute to the ad-
vancement of HFI research on how multisensory interaction design
can enrich �avor perception and engagement.
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1 INTRODUCTION
Drinking is a multisensory experience shaped by the interplay of
taste, smell, vision, and sound [79, 81]. People drink beverages not
only to quench thirst, but also to enjoy sensory pleasure, take emo-
tional breaks, and connect with others [27, 43, 87]. Prior studies in
Human-Food Interaction (HFI) [35, 44] have explored how interac-
tive technology can help craft multisensory drinking experiences,
from shape-changing drinks through cymatics tableware [17], to
gustosonic drinking experiences through interactive straws [87],
yet considerable potential within HFI for exploring richer multisen-
sory drinking experiences remains unexplored [53,87]. In particular,
we �nd that the potential of immersive technology to dynamically
shape the act of drinking by embedding �avor-congruent visual
and auditory cues in the immersive environment is underexplored.

Charles Spence, who has extensively studied the multisensory
foundations of �avor perception, said:�To date, very few researchers
have taken seriously the suggestion that a richer spatial dimension is
present in �avour experiences, as compared to in the majority of other
perceptual experiences�[67], highlighting the importance of spatial-
ity in shaping �avor experiences through (interaction) design. Al-
though research has shown that �avor perception is highly context-
dependent [64], and in�uenced by what we see [54, 67, 69, 72], hear
[20, 85], and do [16, 46], little is known about how multisensory
cues in immersive virtual environments can interact with embodied
actions to enrich the experience. At the same time, the proliferation
of natural-language�based intent recognition has introduced new
opportunities for interpreting user goals and contextual cues in
interactive food-related applications. Prior work includes robots
that infer cooking intentions from natural-language recipes [8]
and speech-based food journals that identify in-situ eating inten-
tions from free-form speech [37]. However, within HFI, little at-
tention has been paid to how natural language input can shape

system's multisensory responses. One mechanism for implement-
ing of natural-language�based intent recognition�large language
models (LLMs)�has rapidly advanced in recent years, opening new
possibilities for real-time personalization in interactive food-related
applications, such as personalized food recommendation [89] and
nutrition-aware systems [91]. However, little attention has been
paid to how natural-language-based intent recognition might help
to enrich personalized �avor experiences.

We argue that natural-language input, which is casual, intuitive,
and expressive, holds potential for supporting adaptive multisen-
sory environments that respond to individual preferences in real
time. Here, we build on the core idea of adaptive user interfaces
[11, 34] in which a system changes itself to meet user' needs, and
applies it to a responsive environment [13]. We de�ne �adaptive� as
the ability to continuously modulate sensory parameters of the en-
vironment based on users' input. In immersive contexts, such adap-
tivity could allow users to co-create their own drinking experience,
enriching consumption into a playful, engaging, and personalized
experience. To investigate this opportunity, we begin answering the
following research question: �How do we design enriched drinking
experiences using immersive technology that leverages embodied
actions and adaptive visual and auditory cues?�

We introduce �XTea�, a multisensory Mixed Reality (MR) [62]
system that bridges the physical act of drinking real bubble tea
with an adaptive virtual environment, creating an Augmented Vir-
tuality (AV) [39] experience. We chose bubble tea because it is
a trendy beverage with a rich and playful character [33], which
makes it well suited for multisensory research [92]. The system
consists of an LLM-powered adaptive virtual environment (the vir-
tual component) and a custom-designed �XTea� cup (the physical
component), integrating the physical act of drinking in the real
world with corresponding virtual feedback into the virtual environ-
ment (the physically augmented virtual component). This system
enables participants to shape the virtual environment in real time
by interpreting natural language input to adjust visual and auditory
parameters (Fig. 1A-1C).

Overall, this work makes the following contributions to the �elds
of HFI:

(1) The XTea system: We introduce �XTea�, a multisensory bev-
erage drinking system that integrates visual, auditory, and
physical components. We believe this system can provide
inspiration for HFI researchers to design future multisensory
�avor experiences.

(2) Thematic �ndings: Our �ndings highlight the types of sen-
sory elements that are most e�ective and show how the
adaptive system can support personalized �avor modula-
tion. We hope these �ndings inform researchers interested
in designing immersive drinking systems.

(3) Design strategies: We propose four design strategies for fu-
ture multisensory beverage experiences. These strategies are
aimed to be actionable guidance for practitioners and design-
ers seeking to create playful and engaging food experiences.

2 RELATED WORK
We now summarize previous work that inspired our research.

https://doi.org/10.1145/3772318.3790615
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2.1 The use of immersive technology in
multisensory HFI

2.1.1 Multisensory design.Taste perception is inherently multi-
sensory, arising from the integration of taste in the brain with
visual, olfactory, tactile, and auditory cues [64, 68]. Recognizing
this, researchers in HFI have explored technologies that leverage
crossmodal interactions to enhance eating and drinking experiences
[35, 42]. A key area of focus within this domain is Multisensory
Human-Food Interaction (MHFI) [81], which examines how sen-
sory stimuli shape food perceptions and overall dining experiences
[19, 67]. A notable example is �MetaCookie+� [45], an augmented
reality system that overlays visual and olfactory cues onto a plain
cookie, inducing illusory �avors without altering its chemical com-
position. By synchronizing visuals and scents (e.g., chocolate), users
perceive the plain cookie as �avored, demonstrating how incongru-
ent but strategically aligned sensory inputs can override actual taste.
Similarly, the �Vocktail� [54] system uses an LED to change the
drink's color, micro-pumps to release scented vapors, and electrodes
on the rim to stimulate taste buds. By aligning color, scent, and taste
cues, it transforms water into convincingly �avored drinks. These
works are important because they demonstrate how crossmodal
cues can fundamentally reshape �avor perception, establishing
MHFI as a domain that reveals both the theoretical mechanisms of
multisensory integration and practical opportunities for designing
novel food experiences. However, these approaches lack dynamic
or immersive interactions.

The advent of Virtual Reality (VR) technology, has expanded the
horizon of MHFI, providing researchers with vision-based headsets
to design dynamic and immersive environments that can in�u-
ence sensory responses [66, 78]. Such headset-based systems can
create a sense of presence that emotionally connects users to vir-
tual settings, enabling them to experience food and beverages in
ways that transcend physical and sensory constraints [77]. For
instance, in the study by Wang et al., VR technology was used
to manipulate the appearance of co�ee, such as adding �virtual
milk� by changing its color, which in�uenced participants' �avor
perception without altering the physical beverage itself [86]. Sim-
ilarly, Ammann et al. [1] employed VR technology to present an
emotionally aversive scene�depicting a dog defecating chocolate,
which signi�cantly reduced participants' willingness to consume
real chocolate, illustrating the capacity of VR technology to shape
eating behavior through sensory incongruence. Separately, studies
on social drinking in virtual reality have highlighted how immer-
sive environments can alter perceived intoxication and drinking
behavior, calling for a more safety-conscious, context-aware VR
design [15]. These works show that VR technology can play a role
in MHFI by o�ering immersive and emotionally engaging environ-
ments that reshape �avor perception and eating behavior beyond
physical constraints. However, most VR systems in MHFI remain
non-adaptive and designer-driven, meaning that participants have
little opportunity to actively shape their own experiences.

Across existing MHFI studies, current work remains predomi-
nantly designer-driven and misses a consideration of the participant
involvement as a meaningful source of input [1, 45, 54, 86]. These
works treat the participant's interaction merely as a trigger [41].
Even in the most participant-driven work among them, �Vocktail�

[54], the user's bodily involvement is tongue contact that simply
triggers electrodes rather than operating as an expressive medium;
additionally, participant input is con�gured through a mobile appli-
cation rather than emerging from the participant's own embodied
actions [23] as an active, meaning-producing component of the
experience. This reduction in participant involvement may limit
the movement of MHFI toward a more humanized technological
future [41]. We propose that verbal input, an essential modality
of embodied communication in human�computer interaction [58],
o�ers a pathway for MHFI work to move beyond designer-driven
structures toward participant-driven meaning-making, fostering
engagement grounded in the participant's own expressive input.
This proposal may help articulate, at a conceptual level, how verbal
input can participate in the emergence of engagement within MHFI.

2.1.2 Bubble tea.We believe that bubble tea o�ers a particularly
rich context for applying multisensory design because of its diverse
sensory attributes, such as the chewiness of pearls, the layering of
�avors, and the interplay between hot and cold elements [33, 92].
Previous research on bubble tea and multisensory design has fo-
cused mainly on passive aspects, such as packaging design that
combines visual, tactile, and aromatic elements to enhance con-
sumer enjoyment and emotional satisfaction before consumption
[65, 80]. However, there has been little exploration of how interac-
tive multisensory design could transform the drinking experience
itself [92]. We believe that with its layered textures and dynamic �a-
vor pro�les, bubble tea provides an ideal opportunity to investigate
this potential.

2.1.3 Crossmodel correspondences.Crossmodal correspondences
refer to the associations people make between features in di�erent
sensory modalities [22], such as associating high-pitched sounds
with sour tastes or the color pink with sweetness [69].

An increasing number of studies use VR technology in cross-
modal research [6, 7, 50, 61], recognizing its immersive qualities
such as presence, engagement, and realism. These features make
VR technology a cost-e�ective alternative to real-world settings.
For instance, Chen et al. [18] created three virtual environments
to examine whether congruent and incongruent external visual
cues presented in virtual environment would in�uence the percep-
tion of sweetness and product liking. Likewise, Bangcuyo et al. [3]
developed an immersive virtual café �lled with visual, auditory,
and olfactory cues typical of such settings, in order to investigate
di�erences between hedonic data collected in the virtual café and
those obtained elsewhere, thereby evaluating whether virtual envi-
ronments could serve as more reliable predictors of future co�ee
preferences. Most of these investigations have focused on psychol-
ogy, consumer science, and marketing, while comparatively little
attention has been paid to applying such theoretical �ndings to
the design of interactive consumption systems, particularly those
aimed at enriching playful user experiences.

2.2 The potential of responsive environments in
shaping dining experiences

Adaptiveness has long been explored at the intersection of architec-
ture and human�computer interaction (HCI), where environments
respond to inhabitants by dynamically reshaping material or spatial
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con�gurations�through lighting, kinetic surfaces, or air�ow�in
response to human behavior or changing conditions [13]. For ex-
ample, Aegis Hyposurface1 features a kinetic skin that reacts to
movement and sound, transforming the façade into a performative
and participatory interface. Similarly, Toyo Ito's Tower of Winds
2 responds to city sounds, wind, and light through a rhythmic
play of lights. These examples show that adaptiveness is not only
functional�it invites interactivity and play. Such systems reframe
architecture as more than passive enclosure; they become percep-
tual and experiential centers. This view aligns with architectural
phenomenology [48], where space is continuously sensed, shaped,
and reinterpreted through interaction.

The idea that environments can dynamically shape human per-
ception also resonates with �ndings in sensory science that have
shown that environmental elements such as color [31], lighting
[12], atmosphere [88], and acoustics [85] can in�uence how we
perceive meals. For example, Bschaden et al. [12] conducted two
controlled experiments in which they manipulated the intensity
of the lighting and the presence of table linen, and demonstrated
that lower lighting levels combined with tablecloths can increase
food intake, prolong meal duration, and enhance sensory evalu-
ations of the food. These e�ects are associated with crossmodal
theories, as previously discussed, and suggest that dining is not
solely a gustatory process, but is shaped by our surrounding envi-
ronment. We draw inspiration from these insights and ask: If static
environmental features can in�uence taste perception, what new
forms of sensory engagement might be possible in adaptive envi-
ronments�especially those capable of responding dynamically to
the diner? We believe that adaptive immersive environment o�ers a
promising design space for creating multisensory experiences that
are not only immersive, but also capable of responding to users'
immediate preferences. There is a potential to reframe the virtual
environment as a kind of liquid architecture [60] in which sensory
parameters such as color, sound, and motion adaptively reshape
the user's beverage experience.

This potential motivates our investigation into how adaptive
immersive environments can be used to enrich the bubble tea expe-
rience.

2.3 Growing use of LLMs for adaptive
immersive environment

LLMs have been rapidly growing in both capability and application
and have increasingly been used in adaptive VR headset-based en-
vironments to enable dynamic interactions [2, 10], extending from
entertainment [4, 55] to social applications [14, 59, 82] and health
treatments [71]. Such systems provide real-time problem-solving
and adapt continuously to user input. A vivid example comes from
Dungeons & Dragons, in which an arti�cial intelligence (AI) Dun-
geon Master powered by ChatGPT acts as a virtual facilitator, gen-
erating coherent narratives and dynamically responding to player
input, potentially enhancing narrative adaptability and gameplay
freedom [93]. Here, �adaptive� is typically de�ned as the capac-
ity of such environments to continuously adjust their output in

1https://parametrichouse.com/hyposurface/
2https://www.architecturelab.net/tower-of-winds-toyo-ito-and-associates/

response to user input [2, 10, 14, 82, 93]. We argue that, in immer-
sive settings, this �output� can be extended to the multisensory
properties of the environment, which also show possibilities for
situating adaptive immersive systems within the domain of HFI (as
we discussed in last section). Meanwhile, LLM-driven applications
in HFI have primarily focused on sustainable food systems [73],
personalized food recommendations [40, 89], and nutrition-aware
systems [90, 91]. These advancements, however, often remain con-
strained to health-related domains, with relatively little attention
given to supporting the user experience, such as fostering a playful
and engaging beverage experience, which is what we complement
with our work.

2.4 Summary
While existing work in MHFI and crossmodal perception has re-
vealed how sensory cues shape �avor experiences, most systems
remain static and designer-driven, lacking adaptivenessand oppor-
tunities for embodied actions that support meaningful participant
involvement. Research on adaptive systems highlights the potential
to dynamically shape human perception but has rarely been applied
to dining contexts. Similarly, LLMs have been used in functional
domains like health, but not for playful beverage experiences. This
is probably due to a limited understanding of how adaptive immer-
sive environments might be designed to enrich multisensory �avor
perception and drinking experiences. We explore this opportunity
by designing and studying an adaptive system that aims to enrich
the multisensory beverage experience. Hence, we ask the research
question: �How do we design enriched drinking experiences us-
ing immersive technology that leverages embodied actions and
adaptive visual and auditory cues?�

3 DESIGNING XTEA
�XTea� is an interactive immersive multisensorial system consisting
of two key components: an adaptive virtual environment delivered
via Meta Quest 3 headset (Fig. 2A) and the �XTea� cup (Fig. 2B). Par-
ticipants wear the headset to enter the virtual environment, using
the left-hand controller (Fig. 2C) for navigation (via thumbstick)
and voice input (via �X� and �Y� buttons). In their right hand, they
hold the �XTea� cup, a 3D-printed cup that integrates the right-hand
controller with a cup of bubble tea to allow tracking of its physical
position in the real world. As participants lift the �XTea� cup to
drink, this action is mirrored in the virtual environment (Fig. 2D).

We call our adaptive virtual environment �Flavor Drift�, as it is
capable of dynamically modulating multisensory cues in response to
users' verbal input by changing the virtual environment. The name
aims to emphasize a continuous, �uid transformation of sensory
features in real time.

While the system is implemented using VR technology and could
reasonably be described as a VR system, we adopt the de�nition
from the "Reality�Virtuality continuum" [39, 62] and therefore refer
to it as a MR system. This framing highlights that the experience
of �XTea� emerges from the integration of virtual visual�auditory
stimuli with real physical, gustatory, and embodied interactions.
We use the term "MR" to foreground discussions in HFI that extend
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beyond display technology to include the interplay between dig-
ital systems and material, sensory, and bodily dimensions of the
drinking experience.

3.1 Interaction
The �XTea� cup (Fig. 2B) was designed to resemble a standard
bubble tea cup, supporting common lifting and drinking motions. Its
virtual counterpart mirrored these movements in real time (Fig. 2D),
maintaining matching dimensions and structure to help participants
locate the straw e�ortlessly. This synchronization was intended to
enhance the congruency between physical and virtual experiences.

While holding the �XTea� cup in their right hand, participants
could press and hold the "Y" button on left hand controller to voice
their input on �avor perception (e.g., �make it less sour�), and press
"X" to send the command. Their input was transcribed by Meta
Voice SDK and displayed as �oating text in front of them within
the virtual environment for immediate con�rmation. If the tran-
scription did not match their intention, they could press Y again to
re-record. To encourage regular re�ection and engagement, the sys-
tem prompts participants every two minutes with a voice message
(e.g., �Please take a sip of your drink now and enjoy the moment�
or �How does your drink taste right now?�). These prompts served
as gentle nudges to elicit verbal responses about the user's current
sensory experience or their desired adjustments.

3.2 Virtual environment
The virtual environment, called �Flavor Drift�, was crafted with
visual and auditory cues and built using Unity, with interactions in
virtual environment managed through the XR Interaction Toolkit.
The auditory stimuli, which consisted of two soundtracks speci�-
cally designed to evoke the sensations of sweetness and sourness
3(used with the composer's permission). We chose these sound-
tracks as prior work [85] demonstrated in previous crossmodal
studies that they can e�ectively evoke intended taste associations.

We selected two contrasting yet �avor-relevant dimensions for
bubble tea�sweetness and sourness�and extracted their associated
design features, embedding them as visual elements in our vir-
tual environment. Elements beginning with �SW� represent Sweet-
associated components (Fig. 3), while those beginning with �SO�
represent Sour-associated components (Fig. 4).

On top of this �avor-based labeling, we layered an additional
categorization based on perceptual salience. A human's perceptual
system �lters information by distinguishing between �ambient�
elements that subtly in�uence perception and �focal� elements that
have a direct impact when attention is paid to them [74]. We believe
this ambient�focal layered perception also applies here. Therefore,
based on their in�uence on perception, we categorized our "SW"
elements into three types: SWA (Sweet Ambient), SWAF (Sweet
Ambient�Focal), and SWF (Sweet Focal):

� SWA: Elements with ambient in�uence on sweet perception
� SWAF: Elements contributing to both ambient and focal

in�uence on sweet perception
� SWF:Elements with focal in�uence on sweet perception

3https://jialindeng.wixsite.com/whispery-savoury/

We also categorized "SO" elements into three types: SOA (Sour
Ambient), SOAF (Sour Ambient-Focal), and SOF (Sour Focal):

� SOA:Elements with ambient in�uence on sour perception
� SOAF:Elements contributing to both ambient and focal

in�uence on sour perception
� SOF:Elements with focal in�uence on sour perception

Our "SW" and "SO" elements were designed on the basis of es-
tablished crossmodal studies, which indicate that sweet tastes are
visually linked to rounded or curved forms, slow movements, and
pink-to-red hues [18, 32, 67], while sour tastes are associated with
sharp and angular shapes, fast movements, and yellow-green tones
[18, 47, 67]. Building on these �ndings, we designed all visual el-
ements with the aim of enriching the corresponding perception.
These elements form the foundational design of the �Flavor Drift�
setting, though additional elements may be incorporated in the fu-
ture. Next, we articulate how we translated the crossmodal �ndings
into design decisions for the �SW� and �SO� elements in �Flavor
Drift� across color, shape, and motion, as well as their correspond-
ing audio components.

3.2.1 "SW" visual elements.The sweet-associated environment
(SW) consists of three ambient (SWA), two ambient�focal (SWAF),
and four focal elements (SWF) that together construct the visual
qualities linked to sweetness. Ambient elements (SWA) comprise the
blooming post-processing (SWA1), pink directional light (SWA2),
and smooth curved landscape (SWA3). SWA1�3 work together to
build a sweet atmosphere: a soft pink glow created by blooming
post-processing, matching directional light, and smooth curved
landscapes with pink gradients establishes a sweet visual base for
the entire scene, grounded in crossmodal visual�taste research (see
Table 2).

Sweet-associated elements that function as both ambient and
focal (SWAF) comprise a spiral pathway (SWAF1) and decorative
objects along it (SWAF2). They both remain static yet shift from
focal to ambient with viewer proximity, embodying crossmodal
links between sweetness, rounded forms, and pink hues (detailed
in Table 3).

Focal sweet-associated elements (SWF1�SWF4) emphasize
sweetness through glossy candy-like spheres, lollipop-like struc-
tures, and particle systems arranged along the spiral path. Rounded
geometries with re�ective pink-red shader, and pink-red particle
systems collectively consistent with crossmodal visual�taste re-
search on sweetness (detailed in Table 4).

3.2.2 "SO" visual elements.The sour-associated environment (SO)
consists of one ambient (SOA), one ambient�focal (SOAF), and
six focal elements (SOF) that together construct the visual quali-
ties linked to sourness. The ambient component (SOA1) is an in-
tense yellow directional light that �oods the entire scene, drawing
on crossmodal �ndings linking yellowness to sour taste experi-
ences (Table 5). The ambient�focal element (SOAF1) consists of
high-speed yellow Visual E�ects (VFX) stripes whose rapid mo-
tion initially attracts attention before gradually blending into the
environment, establishing a sharp motion pro�le associated with
sourness and grounded in crossmodal visual�taste research (see
Table 6).
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Table 1: Components of the XTea system and their roles within Mixed Reality.

Component Type Function in the System MR classi�cation

Flavor Drift Virtual Provides the immersive visual�auditory
scene whose parameters (color, geometry,
motion, sound) can be adapted.

Main virtual space; by itself it would be a
VR environment.

�XTea� cup
physical compo-
nent (Fig. 2B)

Physical Real cup used for holding and drinking bub-
ble tea; provides haptic and gustatory sen-
sations and real drinking actions.

Real-world sensation and bodily action.

�XTea� cup
virtual component
(Fig. 2D)

Mixed Links physical drinking movement to vir-
tual feedback: the virtual cup mirrors phys-
ical movement.

This coupling of real actions and adaptive
virtual responses is what makes XTea an
Augmented Virtuality system within Mixed
Reality, even though it is implemented with
VR hardware.

Figure 2: Components of XTea cup: A) VR headset; B) XTea cup; C) left hand controller; D) virtual counterpart of the XTea cup
rendered within the virtual environment.

Figure 3: "SW" elements.

Focal sour-associated elements (SOF1�6) extend this language
through angular blocks (SOF1�SOF3, SOF6) rendered in acidic yel-
low and lime-green gradients, alongside jagged particle systems
(SOF4�SOF5) collectively consistent with crossmodal visual�taste
research on sourness (see Table 7).

3.2.3 Audio.

Audio of "SW".The soundtrack we used for "SW" supports a
sweet perception (Table 8). High-pitched sounds and piano timbres
are associated with sweet tastes [85]. The music features consonant,
high-pitched piano notes and bells, aiming to reinforce sweetness
perception while complementing the visual environment through
soft, �owing melodies.



Towards Understanding the Design of Mixed Reality Systems to Enrich the Beverage Experience CHI '26, April 13�17, 2026, Barcelona, Spain

Figure 4: "SO" elements

Table 2: The ambient elements that are sweet-associated (SWA).

Visual Element ID Dimension Description Design Rationale

SWA1 Color Blooming post-processing e�ect ap-
plied across objects, giving a soft
pink glow

Pink bloom builds a sweet-associated atmo-
sphere based on color�taste mappings be-
tween pink/red and sweetness [18, 30, 67,
69].

SWA2 Color Directional light casting pink-toned
illumination across the scene

Warm pink lighting supports sweetness ex-
pectations from crossmodal color�taste stud-
ies [18, 30, 67, 69].

SWA3 Shape Curved surrounding landscape visi-
ble from all viewpoints

Use of curved geometry follows �ndings that
rounded and curved shapes are associated
with sweet tastes [18, 24, 67].

SWA3 Color Landscape feature pink gradients Pink gradients reinforce a sweet atmosphere
via pink�sweet crossmodal associations [18,
30, 67, 69].

Table 3: Elements classi�ed as both ambient and focal that are sweet-associated (SWAF).

Visual Element ID Dimension Description Design Rationale

SWAF1 Shape Large spiral pathway with a curved
pro�le

Spiral, rounded path strengthens the link be-
tween curved forms and sweetness while
guiding attention through space [18, 24, 67].

SWAF1 Color Pathway rendered with pink gradi-
ents

Pink tones maintain a coherent sweet visual
theme across the main structure [18, 30, 67,
69].

SWAF2 Shape Small circular decorative objects
placed along SWAF1

Curved shapes add sweet cues in line with
round�sweet correspondences [18, 24, 67].

SWAF2 Color Decorative geometry rendered with
pink shaders

Red�pink palette supports sweet expecta-
tions [18, 30, 67, 69].
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Table 4: The focal elements that are sweet-associated (SWF).

Visual Element ID Dimension Description Design Rationale

SWF1 Shape Spheres of varying sizes Spherical form conforms to roundness asso-
ciated with sweetness [18, 24, 67].

SWF1 Motion Some spheres moving slowly along
circular trajectories

Slow, smooth motion is associated with
sweetness [32, 38, 67], and circular trajec-
tories resonate with the roundness typically
linked to sweet taste [18, 24, 67].

SWF1 Color Spheres rendered with the red or
pink shader

Red/pink coloration aligns with sweet-
linked hues in crossmodal research [18, 30,
67, 69].

SWF2 Shape Lollipop-like objects with spherical
tops and thin stems

Recognizable lollipop shape is designed to
cue remembered experiences of sweet candy,
since contextual cues can support the re-
trieval of associated memories [29].

SWF2 Color Lollipop forms shaded with pink gra-
dients shader

Pink color ampli�es sweetness expectations
through color�taste correspondence [18, 30,
67, 69].

SWF3 Shape Circular particle systems Circular particle layouts avoid sharpness and
remain consistent with round�sweet map-
ping.

SWF3 Motion Particles moving in circular-like
paths

Circular paths visually �t the roundness as-
sociation linked to sweetness [18, 24, 67].

SWF3 Color The particles were set to transition
from light pink to deep pink using
the �Start Color� and �Color Over
Lifetime� settings.

Pink color range keeps the dynamic e�ects
within the sweet palette [18, 30, 67, 69].

SWF4 Motion Particles gently fading in and out Smooth, slow dynamics are chosen to match
sweet-associated motion qualities [32, 38,
67].

SWF4 Color The particles were set to transition
from light pink to deep pink using
the �Start Color� and �Color Over
Lifetime� settings.

Pink color range keeps the dynamic e�ects
within the sweet palette [18, 30, 67, 69].

Audio of "SO".The soundtrack we used for "SO" (Table 8) mirrors
the sharp, jarring qualities of sourness [85]. The soundtrack features
high-pitched tones, staccato rhythms, and occasional dissonant
textures.

3.2.4 Environment trajectories.Given that sweetness is the most
salient sensory characteristic of sugar-sweetened beverages [51],
we believe that a sweet-themed environment serves as an appropri-
ate baseline for adaptation. In this system, we retained the overall
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Table 5: The ambient element that is sour-associated (SOA).

Visual Element ID Dimension Description Design Rationale

SOA1 Color Directional light bathing the envi-
ronment in vivid yellow

Yellow brightness is linked to sour �avor
perception in crossmodal studies [67, 69, 83].

Table 6: Elements classi�ed as both ambient and focal that are sour-associated (SOAF).

Visual Element ID Dimension Description Design Rationale

SOAF1 Motion VFX stripes extending across spaceFast motion associated with sour tastes [32,
67].

SOAF1 Color Stripes rendered in lighter yellow
tones

Yellow hues maintain the sour palette [67,
69, 83].

spatial structure and visual language of the �SW� elements, in-
cluding ambient elements such as the landscape (SWA3) and the
spiral path (SWAF1, SWAF2). These large-scale structures also es-
tablish a sense of journey within the virtual environment, guiding
participants through a �avor-driven experience.

Upon entering �Flavor Drift� (Fig. 5A), participants encounter
SWAF1 and can choose to ascend the spiral pathway ahead from
entrance (Fig. 5B) using the thumbstick of the left controller. During
the ascent (Fig. 5C-5D), they are able to view di�erent parts of the
scene from multiple perspectives, revealing new visual elements
as they move upward. While we designed this guided trajectory
in a way that we believed the participant might enjoy engaging
with it, participants may alternatively choose free exploration. For
example, they could visit the hillside area (Fig. 5E) to observe the
environment from an elevated perspective, gaining di�erent views
of the elements. This open exploration mirrors the �exible, self-
directed nature of bubble tea consumption, we hoped.

3.3 Parameterization
The initial environment (Fig. 5) is dominated by SW elements, with
SO elements interwoven throughout. Next, we articulate the base-
line parameters of the initial environment and the types of changes
it supports. We introduced parameterized sensory elements that
could be adjusted in real time. Visual forms from both "SW" and
"SO" were combined into hybrid, adjustable components, allowing
the environment to shift dynamically in response to participant
input.

All parameterization details are summarized in Table 9 (Appen-
dix B), which provides a clear overview of each parameter, its re-
lated elements, baseline setting, adaptive options, potential triggers
(participant input examples), and the resulting sweet�sour e�ects.

3.3.1 Bloom.The �rst adjustable parameter is bloom intensity
(SWA1)(Fig. 6), a post-processing e�ect initially set to intensity =

1. In Flavor Drift, we implemented a four-level scale (0�3) to en-
able �ne-grained modulation of ambient glow. Higher bloom levels
produce a more radiant, di�used lighting e�ect, which could be as-
sociated with �cozy� or �soft� moods, supporting a more sweetness-
congruent atmosphere. Intensity level can be changed dynamically
based on the participant's verbal input, re�ecting their moment-to-
moment �avor preferences.

3.3.2 Color.We also introduce color (Fig. 7) as an adjustable pa-
rameter, enabling visual transformations that gave rise to a set
of fusion visual elements�hybrid forms blending characteristics
from both �SW� and �SO,� labeled with an �M� for merge. M1 is a
color-adjusted version of SWF3, where the original rounded par-
ticle forms from �SW� are recolored in yellow, incorporating the
hue typically associated with sourness. M2 repurposes SOF4 by
retaining its spiky, fast-moving motion pattern but shifting its color
to pink, which reduces its perceived sourness while adding sweet-
congruent visual cues. Similarly, M3 and M4 are the yellow-tinted
versions of SWAF1 and SWAF2, respectively, allowing these curved,
sweet-associated structures to also convey a sour quality through
color adaptation. Color changes are triggered based on participants'
verbal input of �avor preferences. For example, when a participant
indicates a desire for a more sour experience, elements like SWAF1
dynamically may shift to M3 to visually re�ect that preference.

3.3.3 Light.Lighting color (Fig. 8) also serves as a parameter. The
system includes both SOA1 (Fig. 8A) and SWA2 (Fig. 8B) as light-
ing presets, though only one can be active at a time according to
participant's needs. Switching between them produced noticeable
shifts in global ambience, a�ecting the entire visual tone of the
environment as well as the virtual drink. For example, under yel-
low lighting (SOA1), the same beverage appears more citrus-toned,
subtly reinforcing sourness. M5 is based on SWA5, which appears vi-
sually yellow-toned under the in�uence of sour-associated lighting
(SOA1). While the object's material properties remain unchanged,
its appearance shifts due to the environmental lighting, resulting
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Table 7: The focal elements that are sour-associated (SOF).

Visual Element ID Dimension Description Design Rationale

SOF1/SOF2/
SOF3/SOF6

Shape Blocks with harsh, well-de�ned
edges

Geometric forms highlight the sharp, angu-
lar character that are associated with sour
tastes [26, 32, 67, 75].

SOF1/SOF2/
SOF3/SOF6

Color Blocks colored with yellow or lime
gradients

Yellow�green tones visually echo sour �avor
qualities [67].

SOF4 Motion Particles erupting quickly in small
explosions

Sudden, fast motion corresponds to the in-
tense, sharp onset of sour tastes [32, 67].

SOF4 Color Yellow particles Bright yellow colors emphasize the sour
character [67, 69, 83].

SOF5 Shape Flame-like bursts composed of
spikes

Spiky geometry associates sour �avor [26,
32, 67, 75].

SOF5 Motion Fast �ame-mimicking motion Fast-speed motion associates with sourness
[32, 67].

SOF5 Color Flame bursts rendered in luminous
yellow hues

Luminous yellow colors maintain consis-
tency with sour-linked tones [67, 69, 83].

Table 8: Audio Design

Audio Type Description Design Rationale

SW Audio High-pitched piano & bell-based melodic track High-pitched sounds and piano timbres are associated
with sweet tastes [85].

SO Audio High-pitched, staccato, slightly dissonant texturesSharp rhythms and dissonance amplify sourness-
linked sensory cues [85].

in a perceptual fusion e�ect. For this reason, we labeled it as M5. In
the initial environment, we used SWA2 as the primary directional
lighting, casting a soft pink hue that reinforced the sweet theme
and set the baseline atmosphere for subsequent adaptations.

3.3.4 Environmental dynamic e�ect.Environmental motion dy-
namics (Fig. 9) are selectively activated. Either the slow-�oating
particles (SWF4) or the fast-traveling VFX stripes (SOAF1) could be
introduced, depending on real-time feedback. These e�ects remain
inactive by default and are triggered only when participants express
a need.

3.3.5 Geometry.We also manipulated the number of geometric
elements (Fig. 10). Increasing quantity expands the overall visual
area occupied by a given category, which ampli�es its perceptual
salience, we hoped. The initial environment includes more geom-
etry elements from "SW" (Fig. 10B), but the system dynamically
increases the quantity of geometry from "SO" (Fig. 10A) if partici-
pants request more intensity or sourness. In contrast, if participants
express a desire for calm, soft, or sweet tones, the system increases
quantity of geometry from "SW" (Fig. 10B).
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