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Abstract

Sound plays an important role in eating and drinking experiences, as highlighted through
the term \gustosonic experiences'. \Gustosonic' refers to multisensory interactions be-
tween sound and the act of eating/drinking. With the advancement of interactive tech-
nology, there is growing research on the topic of multisensory interactions in human-
computer interaction (HCI). However, the use of interactive technology to support gus-
tosonic experiences has been mostly underexplored in HCI. To contribute to this explo-
ration, this research aims to understand the design of playful gustosonic experiences;
this has resulted in three playful gustosonic systems. Firstly, an augmented ice cream
cone called \iScream!" allows players to generate four playful sounds through eating
ice cream. Secondly, \WeScream!" allows two players to compose rhythmical sounds
through eating ice cream together. Thirdly, \Sonic Straws™ allows players to experience
personalised sounds via drinking beverages through straws. Qualitative studies have
examined the experiences of using these gustosonic systems, resulting in a novel design
framework that articulates four key qualities of playful gustosonic experiences (explo-
ration of eating sounds at the initial moment, self-expression via eating actions in the
moment, relatedness of eating together at a shared moment and re ection on everyday
eating activities beyond the moment). Taken together, this work advances interaction
design theory by introducing the concept of playful gustosonic experiences, contribut-
ing to the enrichment of eating and drinking experiences through playful design and
ultimately furthering how we eat in the future.
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Chapter 1

Introduction

This thesis explores the design of playful gustosonic experiences. In this chapter, |
brie y introduce the research motivation and articulate the contributions.

1.1 Human-food interaction

Human-food interaction (HFI) has emerged as an area of interest within the human-
computer interaction (HCI) community where researchers explore the role of technology
in supporting food-related practices (Choi et al., 2014; Khot et al., 2019b; Obrist et al.,
2018). For example, research has produced robotic systems to support e cient har-
vesting practices (Hayashi et al., 2002; Van Henten et al., 2003), smart kitchens have
been developed to support food preparation and cooking processes (Blasco et al., 2014;
Hashimoto et al., 2008), and self-tracking technologies have been used to track food nu-
trition for health eating (Graham and Je ery, 2012; Hanson-Smith et al., 2006; Huang
et al., 2017). Taken together, interactive technology around food-related practices is
gradually shaping our ways of engaging with food.

Eating and drinking can a ord rich multisensory experiences in our everyday lives
(Spence, 2017b). Given the ubiquitous nature of technology and advances in sensing
technology, researchers and HCI practitioners have recently begun investigating the use
of technology to in uence our multisensory interactions with food in order to enrich
eating and drinking experiences (Obrist et al., 2017; Velasco et al., 2018). For exam-
ple, a pseudo-gustatory simulation system allows the user to taste various food avours
by interactively projecting changing LED colours onto beverages (Narumi et al., 2010).
Another example is an augmented reality (AR) food system that modi es the avor of
a real cookie by overlaying visual elements and digital olfactory information onto the

1



cookie (Narumi et al., 2011b). Moreover, a galvanic tongue-stimulation technology was
developed to in uence taste sensations (Aoyama et al., 2017). Although these works
have informed more research on multisensory interactions and the exploration of multi-
sensory experiences, they seem to be system-centric and mainly focuses on the technical
implementation to mimic human senses, for example, utilising air pumps and scented

Iters combined with a head-mounted interface to generate retrospective nasal olfac-
tory stimuli to produce the scent of the cookies (Narumi et al., 2011a). On the other
hand, existing works also have been designed for instrumental purposes, for example,
promoting healthy eating or providing nutrition knowledge, such as sensors used in a
kitchen to detect what the users were doing, then providing feedback about the nutri-
tion value of the ingredients being used during cooking (Chi et al., 2008). However,
when it comes to the design of interactive technology for food experiences, technology
should a ect not only how people eat and drink, but also their interactions within the
eating and drinking context (Spence and Piqueras-Fiszman, 2013). Grimes and Harper
(2008) underlined this by proposing that technology in food-related practices should em-
brace the \pleasurable aspects of eating experiences and eating as a social experience".
Moreover, Khot et al. (2019b) asked for more work in the HFI eld to support the expe-
riential aspects of eating rather than a focus on technology that supports instrumental
purposes for individuals, while Altarriba Bertran et al. (2019a) advocated for designing
more technology-mediated eating experiences rather than engaging a techno-solutionist
approach in HFI. In response to these calls, this thesis study focuses on desirable expe-
riential qualities for interactive food systems, going beyond prior works that simply see
food as calorie intake. Moreover, this study appreciates eating as cultural experiences
and engages with its pleasurable characteristics, contributing to our understanding of
the design of technology-meditated eating experiences through augmented multisensory
interactions.

1.2 EXxperiencing eating as play

Most of us probably remember times when our parents told us: \Do not play with your
food!" People generally do not play with food as this is considered a waste of food and
a bad habit. However, playing constitutes a great part of our childhood and even adult
life. Playing lies in our human nature, as it is one of the ways to explore our relationships
with objects and the environment, and to express ourselves (Gillin, 1951). According
to Bogost (2016), people can play with their food in high gastronomy, where the play
takes place only in the mouth of the eater. This is because the material properties of
food hold many sensory qualities to play with and explore, for example, its dynamically
changed texture, its potentially changed state, its taste, its smell, and the sounds it



makes (Spence, 2017b). Besides the fact that food a ords rich sensory experiences,
its cultural, social, ethical and personal aspects also make food an intriguing material
for play. However, there is no clear de nition of play or playfulness in the context
of eating/drinking. Therefore, |1 propose that playful eating is an attitude similar to
\paidia" (Caillois, 2001) as something not serious, where people pursue the mundane
activity of eating with pleasure.

When it comes to understanding playful eating, playfulness is an attitude towards things,
people and situations (Sicart, 2014; Salen et al., 2004). Gillin (1951) stated that play is
an activity allowing the players to be free from the boundaries of ordinary life. The activ-
ity of playing itself is the goal. Based on Huizinga’s theory, Caillois (2001) distinguished
two play principles: paidia and ludus. He described paidia as a kind of uncontrolled fan-
tasy that can be designed; in other words, play is free from rules. Similarly, Suits (1984)
emphasised the importance of the \lusory attitude™, which refers to the players’ intrinsic
motivations to engage with a playful activity (a game) when it comes to play, while being
also drawn upon in relation to eating/drinking experiences; for example, people eat to
avoid starvation but eating also makes people feel good (Fox, 2003). Moreover, Rozin
(1999) argued for three di erent kinds of pleasure: sensory pleasure, aesthetic plea-
sure and accomplishment pleasure. | note that these kinds of pleasure can be valuable
in understanding playful food experiences. For example, sensory inputs in physically
localised plays critical roles in sensory pleasure, as we can experience the pleasure of
food in our mouth. Aesthetic pleasures are abstract but linked to sensory inputs, while
accomplishment pleasures can be derived from achieving something of value via skilful
actions. Therefore, | argue that we can develop such pleasures through experiencing
eating as play.

Several works in HCI have recently emerged that investigate playful interactions with
food and focus on play’s desirable experiential qualities in eating situations rather than
focusing on pure entertainment. For example, Altarriba Bertran et al. (2019b) suggested
extending playfulness to the practice of chefs and food designers to facilitate the playful
aspects of eating experiences, enriching both food and associated interactions. Chisik
et al. (2018) proposed \gastroludology" in eating and drinking, advocating the creation
of new ways to facilitate meaningful play with food that enrich our everyday eating
activities. Later, Mueller et al. (2020b) proposed intermediate-level design knowledge
that suggests designing interactive technology to support eating as a form of play because
food comes so close to our bodies. As such, the merging of eating and technology o ers
a unique opportunity to experience eating as play. Inspired by these works, this thesis
study focuses on designing playful eating experiences through integrating technology
into food and beverage experiences.



1.3 Gustosonic experiences

Researchers appeared to pay more attention to certain senses than others while inves-
tigating the multisensory experience in HFI; for example, there are many HFI projects
focusing on the visual sense (Carvalho and Spence, 2019; Oberfeld et al., 2009; Shankar
et al., 2010), the haptic sense (Biggs et al., 2016; Gemici and Saxena, 2014; Iwata et al.,
2004; Tu et al., 2015) or the taste sense (Ranasinghe et al., 2011, 2017b; Zoran and
Cohen, 2018). To complement these, | focus on the auditory sense, which has been
described as an overlooked sense when it comes to experiencing food (Velasco et al.,
2016). Research on the relationship between sound and eating has emerged in recent
years, especially in the elds of experimental psychology and food science. For example,
we can perceive the freshness of potato chips by the quality of the \crunch" sound and
hence, if we hear crunchier sounds, chips are perceived to be fresher and more palatable
(Zampini and Spence, 2004). Previous studies have also shown that background noise
can in uence the perception of taste; for example, the sweetness can be suppressed by
loud noise (Spence et al., 2019¢) while the umami taste can be enhanced with a loud
background noise (Ninomiya, 2015). Moreover, emotional sonic sensation transference
from music to taste can enhance the desirable taste qualities and overall multisensory
food experience (Cespedes-Guevara and Eerola, 2018; Konecni, 2008; Reybrouck and
Eerola, 2017). Furthermore, sound can in uence our eating behaviours; for example,
fast-paced background music can increase people’s eating speed and facilitate taking
more bites (Milliman, 1986). Building on these insights, the hospitality industry has
used sound as an \extra ingredient” to facilitate rich eating experiences. For example,
the dish \Sound of the Sea" (The Fat Duck, 2021) encourages diners to listen to the
sound of sea waves through headphones while they eat a seafood dish. These interest-
ing links between eating and listening within a combined multisensory experience are
de ned as \gustosonic experiences” (VanCour and Barnett, 2017).

Although the above works suggest that sound has great potential to contribute to en-
richment of eating/drinking experiences, they focus more on measurable sound stimuli
and basic taste experiences in a speci ¢ experimental setting, rather than on interactive
qualities of eating experiences that might apply as people perceive those stimuli in the
real world. As such, this thesis argues that there is an opportunity to explore gustosonic
experiences by embracing interactive technology that a ords various ways to facilitate
playful interactions with food. In the next section, | propose the thesis statement and
research objectives, as well as presenting an overview of how | address my research
question through the exploration of three case studies.
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Focal point of this research

Figure 1.1: The focal point of the research is at the intersection of play, food and
sound.

1.4 Thesis statement

This thesis investigates the design space at the intersection of food, play and sound, as
shown in Figure 1.1. Therefore, | aim to answer the following research question in this
thesis:

How do we design playful gustosonic experiences?

To answer this question, | have followed a research through design (RtD) approach
(Zimmerman et al., 2007) by designing and studying three playful gustosonic prototypes
that aim to facilitate playful eating experiences through augmented sonic interactions.
These prototypes 0o ered me opportunities to study and re ect on the associated player
experiences. For each prototype, | conducted a study to investigate how the players
experienced the system. Through re ecting on the design process and iterative analysis
of all the ndings of the three case studies, | created a design framework for designing
playful gustosonic experiences to guide future designs.



Based on this empirical work the framework evolved, comprising ultimately four cate-
gories: temporality, experiential qualities of playful gustosonic experiences, exemplars
related to the playful gustosonic experiences, and design features of playful gustosonic
experiences. According to the de nition of the temporal dimension of UX by the In-
ternational Organization for Standardization (ISO 9241-210) (de Normalisation, 2010),
the temporal dimension of UX is described in three phases: anticipated use, during use
and after use. The temporality can help in development of UX by emphasising the
di erent qualities of UX over time. | aligned dynamic features of the playful gustosonic
experiences with four experiential qualities: exploration of eating sounds at the initial
moment, self-expression via eating sounds in the moment, relatedness of eating together
at the shared moment and re ections on everyday eating activities beyond the moment.
Figure 1.2 presents the design framework visualised in a 5*4 diagram that can serve as a
design tool for interaction designers and HCI practitioners when aiming to design future
playful gustosonic experiences.

Temporality Initial moment In the moment Shared moment Beyond the moment
. . . Reflections on
Experiential Exploration of Self-expression via Relatedness of overvda
quality eating sounds eating actions eating together . v . y
eating activities
. iScream! iScream!
Design WeS !
exam gles WeScream! WeScream! So:iccsraar:vs Sonic Straws
P Sonic Straws Sonic Straws
Ambiguous interface Independent devices
Incongruence of can direct attention with an interdependent  Personalisation can
sounds can elicit i
nc eckio crtla el i sound system can give space for
curiosity ) prompt new ways of reflection
EEHEE eating/drinking together
Design
features

Ephemeral nature of
food can facilitate

sound exploration

Looseness of control
can facilitate musical

self-expression

Amplified sounds can
surprise bystanders
through an eating/
drinking spectacle

Integration of a
gustosonic experience
into everyday eating/
drinking activities can
be a source of
happiness

Figure 1.2: The design framework of playful gustosonic experiences



1.5 Research objectives

In order to answer the research question, | have engaged with the following three research
objectives:

Objective 1: Understand the relationship between sound and eating experi-
ences in supporting playful gustosonic experiences.

The rst objective investigates existing challenges and opportunities associated with
sound in relation to eating/drinking experiences and technology-supported eating expe-
riences by identifying previous works in the elds of HFI, experimental psychology in
food, and games and play around eating. This investigation revealed a knowledge gap
in understanding how to design playful gustosonic experiences, in particular supporting
playful eating experiences through augmented sonic interactions.

Objective 2: Explore the design space of playful gustosonic experiences.

This thesis investigates three playful gustosonic prototypes and the player experiences
associated with each prototype by conducting a study. In Chapters 4 to 7, | describe
these three prototypes. | also detail their themes and practical design tactics around
the design space of playful gustosonic experiences.

Objective 3: Create a theoretical design framework.

Through achieving the above objectives, the outcomes from the three case studies re-
sulted in a theoretical design framework for playful gustosonic experiences. Leaning on
prior works on related theories, the framework is derived from an iterative analysis of
all ndings from the three case studies and the design process of each prototype. Taken
together, this has ultimately resulted in the design framework, which aims to guide the
design of future playful gustosonic experiences.

1.6 Research scope

I understand the research question of this thesis as exploratory and it could be answered
from di erent perspectives. To better address the research objectives list above and o er
a concrete contribution, | have limited the scope of the thesis study to the following
aspects:

1. This work investigates the design of playful gustosonic experiences and focuses on
the experiential perspective of designing interactive technology within a combined mul-
tisensory experience. This work does not focus on facilitating healthy eating goals such



as eating more nutritious food or losing weight, even though this research has potential
bene ts around healthy eating and could support dietary education e orts. In partic-
ular, | believe that this work could inspire interaction designers to create gustosonic
systems with instrumental purposes, as it highlights the bene ts of considering the he-
donic aspects of eating experiences.

2. To study playful gustosonic experiences, | have investigated two types of food mate-
rial: ice cream and beverages (I focus on soft drinks or soda and in particular water).
Firstly, I note that existing studies in psychology report that eating ice cream is a
pleasurable experience satisfying both psychological and physiological needs that more
\everyday" foods may not necessarily meet (Linley et al., 2013), all while providing peo-
ple with positive emotions from moderate consumption (Macht et al., 2005). Although
the general belief is that ice cream is an unhealthy food (Burger and Stice, 2012), | note
that ice cream can be used as an e ective vehicle to deliver nutrition to older people
because of the dynamic texture and melting, creamy mouthfeel (Spence et al., 2019b).
Moreover, eating ice cream can also be associated with positive social activity (Hurling
et al., 2015). Secondly, | note that players have various preferences on drinking in ev-
eryday life. | have not limited (but suggested) the type of beverages in my case study.
The reason for this decision was to make a concrete contribution to understanding the
playful personalised gustosonic experiences, for example, how players associated sounds
with the tastes of beverages.

3. In the three case studies, | did not study the prototypes in any speci c contexts; for
example, a playful gustosonic system could be designed for a food court or a bar.

4. This work investigates the intersection of play, food and sound. Although sound
plays a crucial role in understanding the design of playful gustosonic experiences, | have
not focused on a sound design perspective, which often measures mechanical waves,
vibrations and other sonic parameters.

5. All the designed prototypes utilised capacitance-sensing technology. | acknowledge
that other sensing technology could be used (for example, resistance data can also be
used to sense eating). However, | found that capacitance sensing can o er reliable data
(in particular in comparison to resistance data) when it comes to sensing eating/drinking
actions.

1.7 Case studies

To answer my research question, | have conducted three case studies to explore the design
space of playful gustosonic experiences and generate the design framework for guiding



future work. In each case study, | designed a prototype that supported one type of
playful gustosonic experience: eating-based playful gustosonic experience, social eating-
based playful gustosonic experience and drinking-based playful gustosonic experience.
To understand the user experience (UX) of each prototype, | invited participants to
experience my rst prototype in a lab and my second and third prototypes in the wild. |
used semi-structured interviews to collect qualitative data and used a thematic analysis
approach to analyse the UX. In this section, | brie y describe each case study and the
nal design framework.

1.7.1 Case study 1: iScream!

Figure 1.3: Case study 1 - iScream!

The rst investigation is a design prototype called iScream! (Figure 1.3) that dynami-
cally generates four randomly playful sounds (a roaring, crunchy, giggling, and burping
sound) in real time when the player eats plain o -the-shelf ice cream. iScream! detects
the player’s eating actions through capacitive sensing. The sensing data generated is
then mapped to di erent playful sounds. | selected four di erent sounds based on the
four dimensions of playfulness proposed by Boberg et al. (2015), to explore fantasy fa-
cilitation, food congruence, anthropomorphism and bodily response. When the player
performs a licking-on and licking-o actions, the system randomly triggers one playful
sound from the four sounds. If the player keeps licking or biting the ice cream with-
out stopping, the sound continuously plays in a loop. The process stops when the ice
cream is not in contact with the tongue anymore. To understand the UX of iScream!,
I conducted a lab-based study with 32 participants. The study resulted in two design
themes derived from six ndings each. These details how players explored di erent sonic
interaction possibilities with their eating actions while the sounds in turn modi ed those
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eating actions. The iScream! case study served as an initial exploration of the design
of playful gustosonic experiences. Although the rst case study demonstrates that de-
signing interactive technology with an edible interface can facilitate playful gustosonic
experiences, | found that there was still limited knowledge of the design of technology
that supports the social aspects of playful gustosonic experiences. Therefore, in the
second study, | designed a playful social gustosonic system by extending the design of
iScream! to support two players composing rhythmical sounds via eating ice cream
together.

1.7.2 Case study 2: WeScream!

Figure 1.4: Case study 2 - WeScream!

Eating together is an important social activity that supports positive interactions (Fis-
chler, 2011). Interactive technology a ects not only how people eat, but also the social
interaction within the eating context (Niewiadomski et al., 2019; Spence et al., 2019a).
My second case study is a design prototype called WeScream! (Figure 1.4). It extends
the design of iScream! to two players. The system consists of two capacitive-sensing
cones. WeScream! allows participants to interact with rhythmical sounds produced by
the act of eating ice cream together. Each player holds one designed cone to create a
musical phrase via licking or biting into ice cream. To understand the UX, ve pairs
of participants were invited to experience the system in an in-the-wild study (Rogers,
2011) for one week. The results show that the system facilitated playful experiences
of \hard fun" through eating together, increased participants’ awareness of relatedness,
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and drew shared attention to the ice cream’s taste via increased face-to-face interactions.
The results for the iScream! and WeScream! suggested that digitally generated sounds
can a ect in-the-moment eating experiences via eating ice cream individually or with
others. However, eating ice cream is an occasional activity in everyday life, as ice cream
is considered a pleasurable treat (Hurling et al., 2015; Linley et al., 2013; Spence et al.,
2019b). In contrast, drinking, especially drinking water, is a pervasive activity that peo-
ple repeat multiple times a day. To complement the above ndings beyond an individual
eating/drinking event, | therefore decided to expand my understanding of how to enrich
playful gustosonic experiences by looking into everyday habitual drinking.

1.7.3 Case study 3: Sonic Straws

Figure 1.5: Case study 3 - Sonic Straws

Sonic Straws (Figure 1.5) is a design prototype where the player can experience playful
personalised gustosonic experiences through drinking beverages (in particular water) via
straws. The system allows the player to use personalised sound clips to generate melodies
by drinking beverages via two straws simultaneously. The player can move their mouth
between the two straws to create a connected melody sequence. | investigated the
player experience of Sonic Straws with 8 participants via an in-the-wild study (Rogers,
2011). The study results show that the Sonic Straws system supported self-expression via
playful drinking actions, facilitated pleasurable social drinking moments, and promoted
re ection on participants’ everyday drinking activity. With the case study, | identi ed
three design themes and proposed three design tactics for designing playful personalised
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gustosonic experiences with beverages. This study helped me to gain a more complete
understanding of playful gustosonic experiences and aided in moving towards the design
framework for playful gustosonic experiences.

1.7.4 The design framework for playful gustosonic experiences

Through an iterative approach in analysing the ndings of the three case studies, my
craft knowledge gained from the design processes for three playful gustosonic systems
and examining prior works in related elds, | have generated a design framework that
is visualized through a 5*4 diagram for designing playful gustosonic experiences (Figure
1.2). The framework consists of four categories: temporality, experiential qualities of
playful gustosonic experiences, design examples related to the playful gustosonic expe-
riences and design features of playful gustosonic experiences. Temporality refers to the
user’s process of experiencing playful gustosonic experiences through four di erent time
spans: the initial moment, in the moment, the shared moment and beyond the moment.
The experiential qualities of playful gustosonic experiences can be used to explain the
four core interactions that players appreciate in each time span: exploration of eating
sounds, self-expression via eating actions, relatedness of eating together, and re ections
on everyday eating activities. Finally, | also present design features and implementation
suggestions that might support each corresponding experiential quality. This design
framework can serve as a design tool for interaction designers when aiming to design
future playful gustosonic experiences. However, | do not suggest that this framework is
a strict design instruction set for the design of playful gustosonic experiences. Rather,
I see this framework as intermediate-level design knowledge (Hook and Lowgren, 2012)
between theories and design practices which o ers a design space to support designing
future multisensory food experiences through playful designs. Therefore, | believe this
framework can not only help researchers describe what they might observe through a vo-
cabulary when designing various gustosonic experiences, but also guide designers when
making design choices through the design features of playful gustosonic experiences in
their practice.

1.8 Contributions

This thesis makes the following contributions:

1. This research contributes to design knowledge by providing details of the implemen-
tation of, and insights gained from, the design and evaluation of three playful gustosonic
systems.
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2. The case studies have resulted in the articulation of four key experiential qualities of
playful gustosonic experiences based on the reporting of the resulting user experiences
while o ering design themes to analyze, and design tactics to create, various playful
gustosonic experiences.

3. This research presents a design framework for playful gustosonic experiences. This
framework is the rst theoretical conceptualisation of how to design playful gustosonic
experiences and, along with the practical examples and design features for interaction
designers, it can be used to develop their own playful gustosonic experiences.

Overall, the results from the case studies brings practical design guidance that aims to
help game designers to create playful experience around food, people from the hospitality
industry and food designers who are interested in incorporating interactive technology
into their practice to create novel eating/drinking experiences, and interaction designers
to design playful interactions in everyday eating contexts. Moreover, the framework
for playful gustosonic experiences o ers HCI practitioners a structured conceptual un-
derstanding of how playful gustosonic experiences can support positive multisensory
interactions with food, which may expand the future of multisensory integration expe-
riences.

1.9 Thesis structure

The thesis is organised into the following chapters:
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Chapter 1 Introduces an overview of the research, motivation, and thesis
statement.
Chapter 2 Presents the literature review as the background and relevant design
examples.
Chapter 3 Describes the research methods used during the research.
Chapter 4-6 Details case studies 1, 2, and 3 respectively; each chapter describes
the development and the results of the associated case study.
Chapter 7 Introduces the design framework for playful gustosonic experiences.
Chapter 8 Concludes with a summary of the thesis and presents an articulation

of limitations as well as future research directions.




Chapter 2

Related Work

In this chapter, | provide an overview of the related works around sound in relation to
eating/drinking experiences, technology-supported eating/drinking experiences, playful
eating/drinking experiences in HCI, embodied sonic interaction design in HCI and ex-
isting theoretical frameworks. | articulate what | have learned from these that helped
me to (at least partially) answer my research question. I start with the understanding
of the relationship between sound and eating/drinking experiences in the eld of exper-
imental psychology, as this has inspired my work. Finally, I conclude with the research
opportunities that playful gustosonic experiences o er.

2.1 Sound in relation to eating/drinking experiences

Research on the relationship between sound and eating has emerged in recent years.
Prior works in psychology on food and eating experiences have demonstrated that sound
plays a critical role when it comes to eating because our perception of food and eating
behaviors are profoundly a ected by sound (Spence, 2015a, 2016, 2017b). People can
perceive food texture through the intrinsic sounds of food. For example, lettuce and
chips are described as crispy, whereas peanuts and almonds are described as crunchy
(Spence, 2015a; Spence et al., 2019c). Zampini and Spence (2004) conducted a famous
experiment called \sonic chips". The results demonstrated that by merely changing the
frequency of a chip’s sound during biting action, people’s perceptions of the crispness
and freshness of the chips could be modi ed. Even if the actual food texture was soft,
people could perceive food as crunchy through crunchy chewing sounds (Elder and Mohr,
2016).

15
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Extrinsic sounds related to food and eating (such as background music, environmental
sounds and noise) also have a signi cant in uence over our food perception (Spence
et al., 2019¢). Music and soundscapes can in uence an eater’s mood when consuming
food and this has been understood to a ect to some extent also taste perception (Spence
and Wang, 2015a). For example, North (2012) demonstrated that when playing music
that was powerful and heavy, red wine could be perceived as tasting more powerful and
heavy than with no background music.

Meanwhile, research has investigated through many experiments that the sonic proper-
ties of music can systematically alter our perception of taste. For example, Crisinel et al.
(2012) demonstrated that the perception of the sweetness of cinder to ee was increased
with high-pitched sounds, whereas the perception of bitterness was increased with low-
pitched sounds. Similarly, Spence and Wang (2015a) showed that the sweetness was
increased with sounds that were high-pitched or with music that was legato in artic-
ulation. Perception of sourness was increased with very high-pitched sounds and fast
tempo, while perception of bitterness was increased with sounds that were lower in pitch
and more brassy (Crisinel et al., 2012). Ninomiya (2015) concluded that umami is like
a bass note in music. Spence and Wang (2015a) stated that the volume of sounds could
match the intensity of sweetness or sourness of wine. Crisinel et al. (2013) demonstrated
that participants matched sweet tastes to a piano and woodwind instrument, while bit-
ter tastes were matched with brassy instruments. Watson and Gunther (2017) reported
that people perceived bitterness associated with a trombone rather than the sound of a
clarinet. Mesz et al. (2011) showed that musicians could improvise consistent musical
patterns for basic tastes (sweet, bitter, sour and salty). For instance, improvisations
of sweetness were consonant, slow and soft, bitter improvisations were low-pitched and
legato, sour improvisations were high-pitched and dissonant, and salty improvisations
were staccato. Furthermore, Spence et al. (2014) showed that congruence between the
sounds and wine could in uence tasting experiences. Spence and Wang (2015a) asked
participants to taste two di erent glasses of wine, and for each wine they presented the
same pairs of adjectives (such as young/old, day/night, etc.). The participants were
then asked to choose one adjective of the pair that best matched the wine. The results
revealed that participants chose adjectives signi cantly more often to match higher-level
descriptive characteristics of the wine (Spence and Wang, 2015b).

Music has been reported to a ect pleasure and emotions while also a ecting the per-
ception of taste. For example, Kantono et al. (2016a,b) demonstrated that listening to
liked music could evoke the sweetness and mildness of ice cream, while disliked music
evoked the perception of bitterness and vanilla avour. Ziv (2018) showed that cookies
tasted better with pleasant background music compared to unpleasant music. Moreover,
Carvalho et al. (2016) reported that people rated the avour of beer as tasting sweeter
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when listening to music associated with positive emotions, while the same beer was rated
as bitter and having a higher alcohol content when listening to music associated with
negative emotions.

Overall, these works suggest that sounds can a ect taste and hence has great potential
to contribute to our eating/drinking experiences. However, these works have focused
more on measurable sound stimuli than on the eating/drinking interactions that might
occur when people perceive those stimuli. From these works, | learned that there is a
missed opportunity where sounds can be used as a design resource when it comes to
designing eating interactions.

2.2 Technology-supported eating/drinking experiences

In the eld of HCI, prior works have explored using interactive technology to support
eating/drinking experiences in many di erent ways. | distinguish between the use of in-
teractive technology in eating/drinking for instrumental purposes (e.g. healthy eating,
diet education) and for experiential purposes (e.g. entertainment, pleasurable experi-
ences).

2.2.1 Learning from an instrumental perspective of technology-supported
eating/drinking

Existing works in the eld of HCI focus more on building system-centric eating/drink-
ing systems with interactive technology or supporting healthy eating behaviours. For
example, Narumi et al. (2011b) designed \pseudo-gustatory" and \Meta Cookie" sys-
tems that allow users to change the food colour, texture, and size while eating in AR.
Hashimoto et al. (2006) proposed a virtual drinking system called \Straw-like User In-
terface™ that allows the user to experience virtual drinking via replicating pre-recorded
sounds of drinking through a straw. Kadomura et al. (2014) designed \EducaTable-
ware", which includes two digital cutlery pieces, a fork and a cup that can emit sounds
during eating and drinking. The system has been used to guide children to consume
more vegetables and educate children with healthier eating habits through sound. Sim-
ilarly, Ishikawa et al. (2017) designed \TamaPeeler", a cooking tool that detects the act
of peeling vegetables and makes various peeling sounds in response to peeling actions.
This system has been used to motivate children to touch food directly and raise their
interests in dietary education. Moreover, Ranasinghe et al. (2017b) designed \Vock-
tail”, an interactive drinking system that utilises electrical simulation to augment the
existing avours of beverages. \FunRasa" produces arti cial taste sensations through a
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3D-printed straw and a control module that overlays colours on a beverage and stim-
ulates the tongue using electrical stimulation via the straw (Ranasinghe et al., 2014).
The \A ective Tumbler" conveys thermal sensations to the nasal area to stimulate the
skin’s temperature response during drinking; users can experience pleasant or unpleas-
ant feelings from the change in skin temperature attributed to the beverage (Suzuki
et al., 2014). Furthermore, \Virtual Lemonade™ teleports a soft drink via replicating
its colour and pH value remotely using plain water (Ranasinghe et al., 2017a). These
works show that various technologies have been explored in facilitating eating/drinking
experiences for individuals. However, these works have focused mainly on the technical
implementation perspective and study in the lab, and there is limited knowledge around
how to design for and study the UX in the real world.

As eating/drinking is an important social activity that facilitates positive interaction
(Fischler, 2011; Spence, 2017b), HCI research has explored how interactive technology
can enrich the social eating experience. For example, Barden et al. (2012) developed
a distributed dinner system to facilitate experience of a sense of \togetherness" and
\playfulness™. Similarly, Wei et al. (2011b) developed \Co-Dine", a connected dining
table to enable social eating experiences for remote family members. Nawahdah and
Inoue (2013) designed \Kizuna", a tele-dining system to enrich diners’ social interaction
and increase \enjoyment™ between a local and a remote person through eating. More-
over, Leong et al. (2019) designed a dynamic table centrepiece called \Social BowlI" that
promotes positive social dynamics and encourages social exchange while eating together.

Overall, these prior works highlight the potential in designing interactive technology to
enrich the eating/drinking experience. However, these works focus more on a system-
centric design that uses technical implementation in supporting the instrumental aspects
of eating/drinking interactions or aims to augment speci ¢ sensations of taste. There-
fore, in the next section | describe how I also looked into designing technology-supported
eating experiences from an experiential perspective to learn from how to facilitate de-
sirable experiential qualities while designing technology for eating/drinking.

2.2.2 Learning from an experiential perspective on technology-supported
eating/drinking

Following Grimes and Harper (2008), who have argued for designing more \celebratory
technologies™ that celebrate the positive and pleasurable aspects of interactions with
food, the experiential perspective on designing interactive technology in supporting eat-
ing experiences has gained growing interests in the eld of HCI. For example, Khot et al.
(2017) introduced a 3D-printed chocolate eating experience, where 3D-printed chocolate
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is used as a reward to facilitate re ection on people’s physical activity. Wei et al. (2011a)
designed \FoodGenie", which the user can use to customise messages and patterns in
digital material and transform this information into food simultaneously. Ferdous et al.
(2016b, 2017) created \TableTalk and \Chorus", which transform personal screens into
a shared communal display on the dining table to enrich social eating for co-located din-
ers. Nabil et al. (2018) developed \ActuEating", a shape-changing interface that changes
shape and colour in response to diners’ actions in order to enrich the social eating expe-
rience. Furthermore, Choe (2019) investigated a Korean livestream phenomenon called
\Mukbang" where a host eats alone while interacting with viewers over the internet.
Anjani et al. (2020) explored technology-supported eating with others for remote so-
cial eating through synchronised Mukbang streaming. These works have shown that
interactive technology can be used to facilitate positive aspects of interactions with food
beyond instrumental purposes (e.g. increasing nutrition intake, correcting eating habits).
Therefore, with this thesis | aim to design interactive technologies with food so as to
design more \celebratory technologies™ (Grimes and Harper, 2008) and facilitate more
experiential qualities of eating interactions, in particular playful eating experiences.

2.3 Playful eating/drinking experiences in HCI

I have noted that designing playful interactions with food is not new and the play-
focused HCI community and some art performances have especially contributed to this
knowledge. For example, Murer et al. (2013) designed a novel lollipop system called
LOLLio that can dynamically change the avours of a lollipop while the player eats the
lollipop in real time. Arnold et al. (2018) developed a virtual reality (VR) game called
\You Better Eat to Survive" that utilises the chewing food noises as a game controller
to enrich a VR game experience. Polotti et al. (2008) designed a sonically augmented
dining table called "Gamelunch™ that allows people to experience continuous sound
feedback while having lunch; the dining table stimulates new ways of manipulating the
cutlery and challenges the interaction with cutlery in an expressive manner. The artist
Baltz (2021) designed \Lickestra™, which is a musical art performance where performers
improvise various baselines and tones through actions of licking ice cream. Moreover,
Khot et al. (2015) designed a playful drinking system using colourful sports drinks as
palatable visualisations of physical activity to not only to replenish but also entertain
people after exercise. A public drinking facility called \Drink Up Fountain" (Lieberman,
2021) can talk to the user when they are drinking water. When the user’s lips touch the
water, the fountain emits vocal sounds and tries to converse with the person in a playful
manner. Furthermore, Koizumi et al. (2011) introduced \Chewing Jockey," a playful
headset that detects jaw movement and plays back pre-recorded food sounds while the
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user eats. This work suggested that playing back sounds created by virtual creatures’
screaming could provide users with a playful eating experience when they are chewing
gummy sweets. | learned from these works that food materials have been involved
in various playful interactive eating/drinking systems that support novel interactive
eating/drinking experiences.

Prior works have also focused on designing playful eating experiences in social situations.
For example, Mehta et al. (2018) designed an augmented eating system called \Arm-A-
Dine™ that uses wearable robotic arms attached to players’ bodies to playfully engage
co-diners with the food and each other. Arza et al. (2018) designed an AR game called
\Feed the Food Monsters!" that motivates proper chewing technique in a social dining
context. The game detects chewing actions through electromyography sensors attached
at the jawline and the captured data is converted into virtual food which feeds virtual
monsters, then this interaction is mapped onto the co-player’s body. An interactive art
project is \Pixelate" (Kumar, 2021), inspired by the digital game "Guitar Hero", where
players compete to consume the most fruit in the correct order within one minute. The
focus here is not on eating itself, but rather as a way to encourage people to eat more
healthy foods through social play. Moreover, Mitchell et al. (2015) designed \Keep Up
With Me", an augmented dining table which draws on the synchronisation that can
often occurs between diners through raising and lowering the bowls of two diners in
synchrony. Khot et al. (2019a) presented a speculative robotic design called "FoBo"
that acts and behaves like a human as a dining companion in solo-dining contexts.

From these works, | learned that interactive technology can indeed enrich playful eating
experiences in both individual and social situations. Although existing work like \Chew-
ing Jockey" (Koizumi et al., 2011) has already investigated playfulness associated with
sound-related eating experiences, \Chewing Jockey" is a technical investigation into the
detection of jaw movement through a photo re ector attached to the human face, where
the system plays sounds through headphones while the user chews food. The premise
of \Chewing Jockey" is that playing fantasy sounds while chewing gummy sweets could
provide users with playful eating experiences. Therefore, there is still a need to comple-
ment these prior technical and artistic works with a set of structured design articulations
of how to use sounds as a design resource for playful eating experiences.

2.4 Embodied sonic interaction design in HCI

The use of sound has a long history in the eld of HCI. According to Rocchesso et al.
(2008), sound can be considered an \active medium that enables novel phenomenological
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and social experience with and through interactive technology" when the authors inves-
tigated sound as a means for designing interactions between humans, digital technology
and the contexts. Through analysing the ways people perceive sounds and interact with
sounds, prior works studying sonic interactions have focused on linking sounds with the
possibilities of interactions and how sound knowledge contributes to designing such in-
teractive systems, for example, the application of sonic interaction ranges from auditory
and tangible interfaces (Boem, 2014; Lemaitre et al., 2009; Schiettecatte and VVanderdon-
ckt, 2008), game design (Alves and Roque, 2011; Ekman et al., 2005; Miller et al., 2007),
medical research and rehabilitation (Houben et al., 2020; Istrate et al., 2006; Rassinoux
et al., 1995) and interactive soni cation (Barrass, 2016; Hermann et al., 2011; Roddy
and Furlong, 2015). Based on the theory of embodied interaction design, Franinovic and
Salter (2013) proposed that embodied actions and perceptions plays core roles in sonic
interaction design, namely, \how action can be guided by sound in a concrete, lived man-
ner". Therefore, prior works have investigated the relationship between actions or types
of interactions and sounds in understanding embodied sonic interaction. For example,
Ishii (2004) designed the "MusicBottles™ interface, which allows users to open bottles to
release the sounds of speci c¢ instruments. The user can experience the bottle interface
as an instrument, facilitating enjoyment while engaging with the interface. This study
showed how sound can create novel interactions with everyday objects. Houben et al.
(2020) designed \Vita", a pillow-liked soft interface for people with advanced dementia.
These patients have access to everyday sounds through interacting with the soft inter-
face, while the everyday sounds can facilitate playfulness and meaningful engagement by
evoking past memories and emotions. Heshmat et al. (2020) designed an asynchronous
storytelling system that allows family members to share activities over a distance in
di erent time zones. The system consists of three di erent devices that contain di erent
sound content. The study showed that recorded voices and soundscapes played in homes
can create strong emotional reactions so as to support social interactions and connect
people. These explorations highlighted that the a ective dimension of sounds can be
used to encourage certain forms of interaction and a ord new forms of interpersonal
interaction.

Overall, inspired by these works, | believe that sound can be a meaningful design resource
in facilitating positive interaction and | focus on the context of eating/drinking.

2.5 Learning from existing theoretical frameworks

In the eld of HCI, frameworks o er a better understanding in terms of systems, related
theories, and the UX of using a system, and usually include a set of design guidelines
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or design strategies that were typically derived from empirical studies (Hornecker, 2010;
Mueller and Isbister, 2014; Mueller et al., 2021). The contribution of this thesis is in
a form of a theoretical design framework. To generate this design framework, | have
learned from related design frameworks that motivated me to focus on the related play
theories as a theoretical foundation during the design process.

2.5.1 Technology as experience

As technology has become more integrated into our everyday lives, McCarthy and Wright
(2004) draw on pragmatist philosophy, which stresses the emotional, subjective and
transformational aspect of experiences to argue for \four threads" of experiences when
designing technology for contexts outside the workplace. The sensual thread is that a
UX can link to sensory engagement. The emotional thread is about a positive or negative
emotion related to the experience. The compositional thread is the relationship between
the parts and the overall experience. The spatio-temporal thread is concerned with
how the experience relates to the user’s past, future, and present, and the location
where the experience takes place. In addition to these four threads, the authors also
proposed six aspects that support a discussion regarding seeing UX through a temporal
lens. The six aspects of a UX with technology are described as: anticipating (e.g.
expectations of users before using a system), connecting (immediate responses to the
system), interpreting (making sense of the experience in a more conscious way), re ecting
(re ection on the experience in retrospect), appropriating (reusing the system or not),
and recounting (storytelling the experience to others). This work highlights that the
design of interactive technology should focus more on experiential qualities rather than
the functionality. This inspired me, and | also took from this that the temporal aspects
are very important; hence | have utilised temporal perspectives in my framework, which
I will explain in detail in Chapter 7.

2.5.2 The temporality of the user experience

UX is always characterised by its dynamic and variability of experience, which means
UX is not a xed phenomenon but changes over time for users (Law et al., 2009). Prior
work in HCI has already proposed that a temporal perspective on UX plays an important
role in understanding technology design because time is seen as a connection between
technology and science, o ering an understanding of phenomena and supporting the
creation of devices to support them (Rapp et al., 2021). For example, Karapanos et al.
(2009) presented a theoretical model called temporality of experience that describes four
phases of UX: anticipation, orientation, incorporation and identi cation. The authors
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also emphasised six design qualities of UX depending on the stage to help in evaluation
of a design over time. Similarly, Pohlmeyer et al. (2009) introduced an approach called
ContinUE that presents four experiential episodes spanning an overall UX lifecycle. This
model proposes: the anticipated experience, user experience, re ective experience and
retrospective experience. Moreover, the temporal dimension of the experience de ned by
the International Organization for Standardisation (1ISO 9241-210) (de Normalisation,
2010) describes three phases: anticipated use, during use and after use. Although these
works broadened my understanding of the temporal aspects of UX, they do not focus
on explicit design possibilities for the creation of food-related technology.

2.5.3 Technology for play

Researchers and designers in the HCI community in games and play have presented
several design frameworks for designing technology for diverse play (e.g. social play,
wearable play, bodily play, etc). For example, Marquez Segura et al. (2013) identi ed a
design space for body games and suggested considering technology a ordances as an im-
portant design resource for social play design. Altarriba Bertran et al. (2020) proposed
the bridging concept of \Technology for Situated and Emergent Play' that argues for de-
signing technology to support playful engagement that emerges from everyday activities
outside leisure and enrich the social and emotional values of these activities. Moreover,
Buruk et al. (2019) proposed a design framework to illustrate the possibilities for the
future of wearable devices for playful interaction design. Rogers and Muller (2006) pro-
posed a conceptual framework based on sensor-based interactions to help designers and
researchers develop novel playful UX. Furthermore, Mueller et al. (2020a) presented the
design concept of \bodily integrated play" that illustrates how bodily integrated technol-
ogy can facilitate playful experiences and proposed a set of design tactics for designing
bodily integrated play. These works show how a design framework along with design
tactics can assist researchers when designing di erent technologies for play. These works
motivated me to consider designing technology for food play during the design process
and inspired me to consider both individual and social aspects of play designs.

2.5.4 Four product pleasures

The four product pleasures framework was proposed by Jordan (2000) who argued that
the qualities of an interactive product should go beyond usability and functionally. In-
spired by the anthropologist Lionel (2017), the author claimed that there are four types
of pleasures that can be found in all cultures. Jordan translated this argument into a
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design framework for designing a product. The framework consists of four pleasure per-
spectives: physio-pleasure, psycho-pleasure, socio-pleasure, and ideo-pleasure. Physio-
pleasure refers to the ability of a product to evoke physical pleasure derived from the
sensation. Psycho-pleasure describes the ability of a product to provide an emotional
experience as a reward, such as experiencing ow or ful Ilment. Socio-pleasure is about
the ability of a product to evoke pleasure by supporting social experiences. ldeo-pleasure
argues that a product can be associated with users’ beliefs, values and ideals. Although
the author suggested that this framework can be used as a guideline at di erent stages
of the development of a product, the framework lacks speci ¢ empirical design knowl-
edge for designing product pleasures. From this work, | have learned that the empirical
design knowledge should not be overlooked while designing pleasurable experiences, in
particular, playful eating/drinking experiences with technology.

2.5.5 Playful experience framework (PLEX)

Playfulness has been regarded as a part of pleasurable experiences in interaction with
a product (Arrasvuori et al., 2011). Based on the understanding of pleasurable ex-
periences, game experience, emotions, and elements of play, Arrasvuori et al. (2011)
proposed the playful experiences (PLEX) framework, which consists of 22 playful ex-
perience categories for designing interactive products to be used in a playful manner.
For example, the experience of exploration refers to the investigation of an object or
situation when designing a product to perform an action in a surprising way. Accord-
ing to the authors, the PLEX framework can either identify di erent aspects of playful
experiences associated with Jordan’s four pleasures respectively or advance designers’
understanding of user interactions at a di erent timescale. For example, when designing
for the playful experience of completion, which refers to nishing a major task, the ex-
perience of completion occurs when the user is close to an earlier tension associated with
feelings of achievement and designers could draw attention to the episodic experiencing
of playfulness. Although this framework does not guide designers in designing playful-
ness in food-related technologies, prior work has investigated designing playfulness in
helping chefs to extend play in gastronomy (Wilde and Bertran, 2019). This work shows
how 22 types of playful experiences from the PLEX framework a ord a broad range of
emotional experiences associated with meals and highlights playfulness as a desirable
quality of eating experiences when embracing technologies into the context of cooking.
As such, the design framework of this thesis draws from the PLEX framework as it
illustrates what types of playful experience can be elicited while designing playfulness
in interactions with food-related technology and extends this prior work from cooking
to eating.
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2.5.6 Crossmodal correspondence and sonic seasoning

The term \crossmodal correspondence” refers to non-arbitrary associations between two
di erent sensory modalities (Spence, 2011). For example, people can match high-pitched
sounds to smaller, brighter objects placed at higher locations in space and low-pitched
sounds to larger, darker rounder objects at lower locations (Spence, 2011). Prior studies
in cognitive neuroscience have demonstrated that crossmodal correspondence between
di erent sensory modalities can enhance people’s multisensory perception and in uence
behaviours as people tend to share systematic associations between features, attributes
or dimensions of experience across the senses (Spence, 2011). Therefore, there are a
few works from which | have learned that have focused on crossmodal correspondence
between auditory and gustatory senses in understanding how sounds can in uence eat-
ing/drinking experiences. For example, Spence (2021) reviewed a set of empirical studies
on links between various types of sound and co ee-drinking experiences to propose the
emerging concept of sonic seasoning. Sonic Seasoning (Reinoso-Carvalho et al., 2020)
refers to music or soundscapes that are selected or deliberately produced to trigger
speci c e ects on multisensory tasting experiences. Building on the framework of cross-
modal correspondences (Spence, 2011), the authors summarised that co ee-drinking
experiences can be a ected by musical parameters (e.g. notes, pitch, timbre, etc.), care-
fully orchestrated pieces of music, stylistic music (e.g. classical music, jazz), and music’s
emotional features as sonic sensation transference (Spence, 2021; Reinoso-Carvalho et al.,
2020; Spence, 2015b). This framework therefore inspired me to consider the types of
sounds in designing the playful gustosonic experiences.

Overall, these frameworks provided insights into my own design framework for playful
gustosonic experiences, as they served as examples of how designers generate design
knowledge from their ndings from studies and o er pragmatic design guidelines for
future designers to follow in creating their own novel systems.

2.6 Research opportunity and research question

In this chapter, | have presented an overview of the theories and practical design works
that | have learned from for this thesis study. This prior work has shown that there is
only limited design knowledge around understanding how to design playful multisensory
eating experiences over time. Figure 2.1 shows the intersections of the key research gaps
in the literature. My exploration of prior work highlights the speci c¢ gap in understand-
ing how sounds in relation to eating experience could be considered a design opportunity
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to create playful eating experiences through designing interactive technology with food.
As such, the research question of this thesis is:

How do we design playful gustosonic experiences?

Overall, in this thesis | address this gap in design knowledge from both a practical and a
theoretical view. From a practical view, this thesis considers designing interactive tech-
nology with a food focus for a more experiential purpose, facilitating more pleasurable
experiences with food via sound interactions. From a theoretical view, current design
frameworks have rarely explored designing playfulness in gustosonic experiences, since
these frameworks have been generated by designing technologies for diverse play rather
than considering how to embed technologies into food materials. As such, there is a need
to conduct empirical work to understand how to design playful gustosonic experiences.
I will introduce the research methods | have used to address my research question in the
next chapter.

Technology for play
erience framework

Technology as experience

Crossmodal
correspondence and
sonic seasoning

Technology-
supported eating/
drinking (Experiential)

Embodied soni
i

Figure 2.1: The research gap explored in this thesis



Chapter 3

Research Methods

This thesis steps towards an understanding of the design of playful gustosonic experi-
ences through the design and evaluation of three design prototypes that serve as research
vehicles. In this chapter, | present the research methods that | have used in the process
of answering my research question.

Ethics approval

All of the case studies in this thesis received ethics approval. My studies of \iScream!"
and \WeScream!" received ethics approval from the College of Design of Social Context
at RMIT University under the reference number of: CHEAN A 21633-07/18. The study
of \Sonic Straws" received ethics approval from the Human Research Ethics Committee
of Monash University under the reference number 24232.

3.1 Research through Design

Current studies on food/taste experiences or multisensory eating/drinking experiences
often require a precise computer-controlled sensory stimulus delivery device and/or are
constrained to a laboratory or desktop setting (Klemen and Chambers, 2012). To un-
derstand UX or user behavioural changes, these studies mostly rely on \century-old
measurement of user behaviour { accuracy task and latency variables™ (Razavi et al.,
2020). However, food is not only a source of nutrition for survival and an element of
sensory cues for multisensory experiences, but it also serves as a vehicle for enriching our
emotional and social experiences in mundane life. Therefore, it is necessary to deploy
additional research approaches to study food-related technology experiences. | hope
that my approach can help move HFI research beyond laboratory studies into more
naturalistic settings.

27
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To answer my research question, | have learned design theories from the eld of HCI
(Brumby et al., 2016; Rogers, 2012) and followed the Research through Design (RtD)
approach (Gaver, 2012; Koskinen et al., 2011) where | designed three gustosonic proto-
types in order to understand playful gustosonic experiences. RtD is a re ective approach
where new knowledge occurs through prototyping to examine the process, invention, rel-
evance and extensibility of a design (Zimmerman et al., 2007). This approach is popular
in the eld of HCI because it allows designers and researchers to understand the user’s
interaction with design artefacts throughout the research and encourages them to \re-
search for the future™ (Zimmerman et al., 2010). RtD is a rigorous process of deriving
and translating ndings into actionable concepts that inform design or generate impli-
cations for design iterations. With this approach, the design artefacts of interaction
research can "transform the world from its current state to a preferred state”. In RtD,
the designed artefacts play an important role in understanding why and how the user
interacts with the prototypes towards understanding how to design artefacts for the fu-
ture state (Gaver, 2012). This process ensures that the development of the prototype
will be progressively tested and re ned over multiple iterations based on feedback from
users. The designers, therefore, are not necessarily interested in developing a fully de-
veloped system with certain cultural impacts or meeting a speci cation, but reframe the
problem continually and are concerned with why and how the user interacts with the
design artefacts (Koskinen et al., 2011). Furthermore, iterative prototyping as a method
for research provides opportunities to compare the various prototypes, compare user be-
haviours between each prototype and connect theories to design work. This process of
re ection-on-making can provide insight into more complete understanding, re ection
and generation of higher level design strategies for future interdisciplinary discussions.
As such, Cross (1982) stressed that designers could consider the question: \How would
you design an [ X ] ?"". Inspired by this statement, in this thesis | extend this statement
with my own research question: \How do we design the playful gustosonic experiences?"

To answer this research questions, |1 have used the RtD approach to investigate the
design of playful gustosonic experiences. | designed three playful gustosonic prototypes
that embed interactive technologies with food materials. The designed artefacts were
iteratively developed based on the players’ feedback. With this approach, | gained design
knowledge from making and evaluating the use of each prototype in order to generate
theoretical contributions in the form of a design framework.
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3.2 Qualitative study methods used

The main focus of this thesis is to generate a design framework for playful gustosonic
experiences that guides designers towards understanding playful gustosonic experiences
and creating the future playful designs. Therefore, a qualitative approach (Corbin and
Strauss, 2014; Sharp, 2003) was well suited to understand the qualities of playful gus-
tosonic experiences, because this approach can be used to address exploratory and open-
ended questions such as understanding the users’ behaviours and needs, and studying
and analysing the prototypes (Wrigley et al., 2010). Moreover, subjective or open-ended
data can be collected in the qualitative research; while following RtD, studies remain
open to provide investigators with opportunities to receive unexpected but valuable de-
sign insights (Blandford, 2013). Furthermore, a qualitative approach can be involved
throughout the design process (Creswell and Creswell, 2017) from interviewing users to
understand how they currently engage with the prototype to co-designing prototypes
with domain experts and to studying and analysing the designed prototypes.

In this thesis, the case studies of the three prototypes focused on experiential aspects, in
particular playful experiences. The data in qualitative research can serve to observe and
recreate experiential patterns towards creating design themes, which can contribute to
further iterations and strengthen investigations (Creswell and Creswell, 2017; Koskinen
et al., 2011). As such, | have adopted qualitative methods to collect and analyse data
to understand the UX of the three systems. To develop design themes, | used semi-
structured interviews (Drever, 1995) as the data-collection method to gather the data
about the UX in each case. To iterate the design artefacts, | conducted group discussion
with domain experts as the data-collection method to gather a set of design considera-
tions and design thinking during the design process of each case study throughout this
thesis.

3.2.1 Data collection: Group discussion

The co-creation method is a way to get feedback on design ideas and bring people more
deeply into the design process because it allows people to communicate and cooperate
across di erent disciplines and diverse elds (Sanders and Stappers, 2008). This method
can change the roles of those involved in the design process, for example, the roles of
the user, the researcher and the designer. In a classical user-centered design process, the
researcher brings knowledge from theories and develops knowledge from user interviews
(IDEO, 2015). The designer then translates this knowledge from a report and adds
an understanding of technology to generate concepts and ideas (Sanders and Stappers,
2008). However, in co-creation the designer and the researcher can be the same person, as
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they are given the position of being an expert on their experiences. Their expertise and
design skills play critical roles in generating knowledge, iterating ideas and developing
concepts throughout the design process. Therefore, a co-creation approach can help to
improve the e ciency of the design process and promote a thorough design solution for
designing prototypes (Sanders and Stappers, 2008).

| followed this approach at the early stages of designing the three prototypes. | conducted
four group discussions for each of the three case studies. The group discussion sessions
included seven experts with diverse academic backgrounds: four interaction designers
(from general HCI, with two of them also from HFI); one product designer; and two
sound designers. For instance, the interaction designers provided insights into how to
improve the UX while designing the artefacts of the three systems. The sound designers
helped with the development of sound systems for each case study. By drawing from
their expertise to discuss and derive ideas, this approach o ered me the opportunity
not only to get feedback about the design concept from diverse perspectives, but also to
capture a set of design considerations to inform the iterations of the prototypes.

3.2.2 Data collection: Pilot studies

The aim of a pilot study is to validate the proposed study procedure, the questions for
the interview and the prototype before the real study (Sharp, 2003). A pilot study can
help to identify potential issues in advance so that they can be corrected before launching
the main study. | conducted a pilot study to nalise the gustosonic system in the case
study 2 and case study 3. This approach allowed me to validate that the technical
aspects of the two gustosonic systems were working as intended and to understand how
users would set up and interact with the prototypes before conducting the in-the-wild
(Rogers, 2011) studies.

3.2.3 Data collection: Semi-structured interviews

Interviews can provide researchers with insights and extend the understanding of the UX
with a given system (Koskinen et al., 2011; Sharp, 2003). During interviews, participants
describe their experiences with the system in the study and share some stories around
the system (Blandford et al., 2016). This interview data can help designers to re ect on
various aspects of the system and o ers deeper insights into the UX (Hassenzahl and
Tractinsky, 2006). These valuable insights can further inform the higher level design
knowledge as themes later in the process. In this thesis, | have used semi-structured
interviews (Blandford, 2013) to gather participants’ responses to the three prototypes.
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During the semi-structured interviews, | asked participants both open and closed ques-
tions. | followed a structured script with a set of questions to guide the interviews, then
following up with participants on relevant information during the conversation. The
interview questions focused on the participants’ expectations, experiences, motivations,
feedback on the prototype and use contexts. All the semi-structured interviews were
audio-recorded.

3.2.4 Data analysis: Inductive thematic analysis

The method of data analysis | followed in each case was inductive thematic analysis
(Braun et al., 2008). The process of thematic analysis transforms collected data into
meaningful interpretations related to the system, context, and interactions under investi-
gation (Vaismoradi et al., 2016). The qualitative data analysis usually includes di erent
iterations of the data to discover themes, linking them together to form coherent themes
and nally link di erent themes together to form a coherent story (Braun et al., 2008).
A theme is a label that notes something important about the data in relation to the
research question. Therefore, thematic analysis o ers a theoretically exible approach
to analysing qualitative data allowing the derived themes to be grounded in the data
and ensuring that important themes are not missed.

In this thesis, the qualitative data collected in all three case studies was analysed by at
least one other researcher and me. After the interviews, | rst transcribed the interview
data from audio-recordings to text using the NVivo software (NVivo, 2021) . Next, the
other researcher and | read the transcripts three times to become familiar with the data
and then coded the data independently. Then, the codes were discussed and compared
until the other researcher and | reached agreement. These codes were then iteratively
clustered into higher level themes.

3.3 Study designs

The study designs for each case study are presented in the following sections.

3.3.1 Participant recruitment

In this thesis study, the recruitment method for all my studies followed a combination
of the snowballing method and convenience sampling (Biernacki and Waldorf, 1981). |
recruited 32 participants to experience \iScream!", 10 participants who knew each other
before the study to experience \WeScream!", and 8 participants who knew each other
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before the study to experience \Sonic Straws™. Prior work in HCI has suggested that
the number of participants can be as few as one (Liu et al., 2018) occasionally and
more commonly around 10-20 (Blandford, 2013; Drever, 1995) in qualitative studies.
Therefore, | believe that the numbers of participants are appropriate in my three case
studies as long as enough qualitative data has been collected in the interviews. In
my three case studies, | began recruiting participants within my personal network and
the lab’s social network (e.g., Google group). | also put posters around the campus
to recruit voluntary participants. Based on the snowballing method (Biernacki and
Waldorf, 1981), | asked participants whether they could recommend this study to other
potential participants.

3.3.2 Case study 1: iScream!

| conducted a lab-based study for case study 1, \iScream!". A study in a laboratory can
provide researchers with the opportunity to focus on a speci ¢ variable in a controllable
environment (Koskinen et al., 2011). This approach can help to make detailed and
accurate observations in early stages of an investigation useful for future inspirations
(Koskinen et al., 2011). In my work, | experimented with this approach in the "iScream!"
study by developing a lab-based study with 32 participants where | used a within-
subject design (Charness et al., 2012), each participant experiencing all the playful
sounds in a randomized manner. This approach helped me to understand the technical
aspects of the playful gustosonic system and how participants used the prototype in
a speci ¢ environment. The full details on this study will be presented in Chapter 4.
However, the study design for the "iScream!" lacked opportunities to understand how
participants would use, adopt and even abandon this novel technology in a real-world
context. Therefore, | decided to conduct eld studies to understand the UX with the
other two case studies.

3.3.3 Case study 2: WeScream!

A eld study is a method of investigating the use of a system in a real-world situation
with real users in their everyday lives (Rogers et al., 2013). This approach can help
researchers to understand the UX in a natural setting, rather than bringing the system
to users in an arti cial environment. A eld study therefore allows researchers to focus
on the design in the context of use and collect rich data that informs future designs
(Rogers, 2011). The second case study was built on the prior case study by using the
same food material. To support multiple devices working simultaneously, I improved
the technical connectivity for a cone-to-cone communication. Hence, | conducted an
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in-the-wild study to understand the UX of the system. The aim of this study was to
understand how the playful social gustosonic system would be used in the real world
compared to a lab study. The full details on this investigation will be presented in
Chapter 5.

3.3.4 Case study 3: Sonic Straws

\Sonic Straws" (see Chapter 6) allowed the players to experience personalised playful
gustosonic experiences using personalised sounds via drinking beverages through straws.
As drinking activities play a crucial role in people’s daily routines, | also conducted an
in-the-wild study to understand the UX by deploying the system to the users’ homes.
The aim of this study was to gather a more comprehensive understanding of the UX
of this playful gustosonic system in everyday life. | also presented new design tactics
related to a beverage-based playful gustosonic experience.

3.4 Summary

In this chapter, | have presented an overview of the methods that | have used to inves-
tigate my three case studies. Following an RtD approach, | designed three prototypes.
I conducted a lab-based study for the rst case study. Then I conducted eld studies
to understand the UX in real-world situations in cast study 2 and case study 3. | used
semi-structured interviews to collect qualitative data on the participants’ experiences
and employed an inductive thematic analysis approach to analyse the collected data.

In the next three chapters, | present the case studies (Chapters 4 to 6), detailing the
implementation of the designs in order to answer my research question.



Chapter 4

Case Study 1: iScream!

4.1 Introduction

This chapter describes my rst case study, which aimed to contribute to my initial
understanding of the design of playful gustosonic experiences through a system called
iScream!. | designed and studied iScream!, a novel gustosonic system that generates
four playful sounds while the user is eating regular ice cream (Figure 4.1). | began with
investigation using ice cream because it aligned well with my focus on playfulness, as
studies have shown that consuming ice cream can trigger positive emotions (Kantono
et al., 2016a; Spence et al., 2019b) and increase the experiences of happiness and well-
being (Hurling et al., 2015; Linley et al., 2013). The iScream! system uses capacitive-
sensing technology to detect users’ eating actions. The system’s ice cream cone generates
playful sounds based on eating actions. The player is free to perform any eating actions,
for instance, biting or licking the ice cream, which results in a variation in sounds. In this
case study, | explored my main research question through investigating the sub-research
question: How do we design playful gustosonic systems that use interactive sounds to
enrich eating experiences?

In the rest of this chapter | detail the playful gustosonic system used in this exploration.
To understand the UX of iScream!, | deployed iScream with 32 participants. The re-
sults are two themes derived from six ndings each. These detail how players explored
di erent auditory interaction possibilities with their eating actions while the sounds in
turn modi ed those eating actions.
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Figure 4.1: The player is experiencing iScream!

4.2 iScream!

iScream! stands for \ice cream screams'. The iScream! system dynamically generates
digital sounds when the player eats ice cream. | 3D-printed a plastic ice cream cone
which hosts the hardware (Figure 4.2). The ice cream is connected to a microcontroller
board (WeMos ESP-32) via a concealed piece of removable food-safe aluminium foil
that makes contact with the ice cream. The microcontroller sends the capacitive data
wirelessly to the custom-made Touch Designer program (Derivative.ca, 2018) via Open
Sound Control (OSC), which then generates the sounds played back through speakers.
The sensed capacitance value varies depending on the amount of ice cream in the 3D-
printed cone.
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