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ABSTRACT 

 

This is an exploratory research project aiming to apply existing research findings to 
the designing of a novel prototype via the Research through Design (RtD) approach. 
The purpose of the project is to find out whether stimulations of our senses can 
anticipate the experience of eating ice cream. The design space was explored through 
three iterations of prototypes. Different methods of evaluation technique were used 
to analyse the findings from informal experiments. Final prototypes collected 
quantitative data that led to the findings of the research questions. The findings, to an 
extent, evidenced that using visual and auditory cues in the anticipation phase can 
create matching sensations of flavour to the actual flavour tasted. Moreover, through 
the prototype, the enjoyment of ice cream consumption can be enhanced. 
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CHAPTER 1. INTRODUCTION 

 

Our brain is powerful, in that it allows us to create feelings without physical 

experience. Our imagination is a powerful tool. Ever since we were babies, we have 

used memories to anticipate and expect future events (Canfield et al., 1997; Haith, 

Hazan & Goodman, 1988). When we are in doubt about an event that is outside our 

previous experience, we use our imagination. This occurs in food tasting very often; 

when we are uncertain about food that we have never eaten before. 

 

In the area of eating experiences, our senses are powerful, and are crucial in creating 

the experience. Our eating experiences rely on multiple senses, not only taste and 

smell, as we may imagine. The sound that the food makes while preparing or eating; 

the colours that the food is presented in; the touch and texture that the food feels like; 

all should contribute to the whole eating experience (Taylor, 2012). ‘The Perfect 

Meal’ by Spence and Piqueras-Fiszman (2014) has a well-rounded presentation of 

the concept of different elements and stimulations contributing to our eating 

experience. From different studies and researches, it has been proven that the tasting 

or eating experience of a certain flavour is multisensory, and not only based on the 

taste. How we experience for instance a specific dish, is far more complicated than 

we can imagine and most of the time we wouldn’t notice it. When we see a food, we 

integrate our senses to identify the ‘flavour’ and to decide whether to consume it or 

not (Prescott, 2015). 

 

Ice cream is a popular dessert around the world. It is a complex food matrix with a 

combination of different elements (Frøst et al., 2005; King, 1994). More and more 
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flavours of ice cream are being developed, and the ice-cream company Unilever is 

implementing new technologies to improve its ice cream and its eating experience 

(Unilever, n.d.). As new flavours of ice cream are introduced, people are sometimes 

uncertain about what the taste experience is like, and therefore are afraid to try. This 

is where our senses come to work. 

 

Many studies that have been conducted to determine tastes have been technical and 

non-commercial. It is difficult to move directly from theories to design. A gap 

between the theories and technological advancement and practical design 

applications and the commercial world has been created. This project aims to fill this 

gap by taking the Research through Design (RtD) approach to create a novel design. 

 

The main research question of this project is: “Is there a way to stimulate our senses 

to create an anticipated flavour in our mind?” Followed by: “Does this change our 

enjoyment of the perceived flavour?” which will be the next research question. 

 

Our visual and verbal-auditory cognitive processing systems have a close 

relationship to each other (Atwood, 1971). Therefore, in this project various visual 

and auditory prototypes will be produced following the RtD method. The prototypes 

will be tested and analysed. There will be two stages of testing: 1) gathering 

qualitative data about the participants’ feelings in anticipating flavour with the 

prototypes; 2) gathering quantitative data about the accuracy of flavour image with 

both via prototypes or physical tasting.  
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To answer the research questions, the following chapters will cover the background 

literature to the area of study, and the methods used to answer the research questions. 

Afterwards, a design section will go through the design process, artefacts and testing 

that was conducted, which leads to the final prototype testing. The results and 

limitations of the study will then be discussed, followed by a discussion of the 

project overall. Lastly, the project will be concluded and future work discussed. In 

the next chapter, literature regarding different aspects about our senses and eating 

experience will be reviewed. 
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CHAPTER 2. LITERATURE REVIEW  

 

2.1 Multisensory Perception 

 

We experience the world with our senses – taste, smell, sight, hearing, and touch. 

Our senses help us perceive signals and estimate external events around us in 

achieving goals or preventing harm (Otto, Dassy & Mamassian, 2013). We often 

associate a single sense to an event, however, this is untrue. The information 

received by different senses is correlated (Driver & Noesselt, 2008; Small & Prescott, 

2005; Driver & Spence, 2000). An example is the Ventriloquist Effect, which is an 

illusion that when visual and auditory information is in separate locations, the sound 

is shifted towards a visual stimulus (Vroomen & De Gelder, 2004). Sensory signals 

can interact with each other crossmodally (Macaluso & Driver 2005). This is called 

multisensory perception. We go through multisensory processing in order to form 

perceptions (Stein & Meredith, 1993). Additionally, it is also essential for robust 

perception to use a combination of senses (Ernst & Bülthoff, 2004). By integrating 

these senses, it allows the information we receive to be optimised, which create a 

more complete experience in different sensory aspects such as hearing a fire alarm 

and seeing where to go in escaping, as an example for events that are important to 

our survival (Prescott 2015). Flavour is considered as a multimodal or a multisensory 

processing object (Stevenson, 2009). It is not, as what we imagine only relating to 

our taste sense. 

 

 

 



	  

10 

2.2 Taste and Flavour 

 

In our five senses, taste is more commonly related to flavour (Pandurangan & Hwang, 

2015). Our tongue is sensitive; Dublon & Paradiso (2012) from the MIT Media Lab 

developed Tongueduino that uses the tongue as a medium to experience sight and 

hearing, especially for the blind and deaf. Moreover, it is also the medium for our 

sense of taste. In the tasting aspect, an old idea was that our tongue has a “tongue 

map” (Bartoshuk, 1993). This was a misconception that different tastes have 

different reception areas on the tongue. Bartoshuk (1993) discussed that, regarding 

the anatomy of the tongue, “the tongue map” is not accurate, and that the tastes are 

widely spread on the tongue (Spence & Piqueras-Fiszman, 2014; Neil, 2004; 

Stillman, 2002). Our tongue can be referred as an “organ of flavour” (Michel et al., 

2014).  

 

Nevertheless, many studies have demonstrated that flavour perception is not just in 

our mouth, but also from our nose (Bremner, Lewkowicz & Spence, 2012). Prescott 

(1999) defined flavour as “a unique sense” that is not simply a taste in our mouth as 

we would imagine. The International Organisation for Standardisation (ISO) defined 

flavour as a “complex combination of the olfactory, gustatory and trigeminal 

sensations perceived during tasting. The flavour may be influenced by tactile, 

thermal, painful and/or kinaesthetic effects” (ISO, 2008). Furthermore, studies have 

shown that flavour perception can be more than the ISO definition; it can be a 

combination of all five senses, including visual and auditory cues (Bremner, 

Lewkowicz & Spence, 2012; Stevenson, 2009; Auvray & Spence, 2008).  
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In research, taste and smell has been constantly discussed together in terms of 

flavour. The sensory characteristics of foods are mainly odour (Prescott, 1999) 

instead of the ‘taste’ that we would imagine. Flavour perception and smelling share 

the same sub-personal mechanism and part of the stimuli. The molecules of the 

candy, for instance, will be in contact with the receptors by floating to the retro-nasal 

passage and back to the throat (Richardson, 2013). 

 

Auvray and Spence (2008) stated two types of the perception of flavour – analytic 

and synthetic. Analytic is when two stimuli are mixed together but still keep their 

individual qualities. Synthetic perception is where two stimuli are mixed together to 

form a third sensation by losing their individual qualities. This shows the potential of 

manipulating stimuli can affect our perception of flavours.  

 

Other than taste and smell, there are other sensory modes that contribute to flavour. 

From different studies, it has been evident that the taste sensations are highly related 

to tactile touch (Bult, de Wijk & Hummel, 2007; Lim & Green, 2007; Lim & 

Johnson, 2010; Todrank & Bartoshuk, 1991; Woods, 1998). The temperature on the 

tongue can elicit sensations of different tastes (Spence & Piqueras-Fiszman, 2014). 

Sounds and colours are also factors that would influence the perception of a food or 

drink (Clydesdale, 1993; Maga, 1974; Moir, 1936; Spence & Shankar, 2010; Spence, 

2015; Woods, 1998). 

 

Furthermore, our brain has a great role in determining the taste from these sensory 

modes. When we choose what food to consume, we use both our conscious and 

subconscious processing, as well as our economic and social situations, to make the 
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decision (Clark, 1998). This is illustrated graphically by Shepherd (1985) in figure 1. 

Our taste perception towards food is also related to our memory and other cognitive 

processes of its flavour. For example, you experience the sweetness of caramel in 

your mouth, so when you smell caramel somewhere at a later date it creates the 

“odour-induced taste” which has been seen as a close similarity to actual taste 

(Stevenson, 2009; Small & Prescott 2005). This was also identified by White and 

Prescott (2007) and Prescott et al. (2004) in their study. 

 

 
figure 1. factors affecting food choice 

The next three sections will discuss taste with our senses – smell, sound and sight. 
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2.3 Taste and Smell 

 

Rozin (1982) mentioned that taste is one of the sensory modes that are always 

confused with the olfactory system. Thus, our olfactory system is strongly related to 

what we taste. The distinctive properties of a flavour are most likely to be from 

olfaction rather than the other senses. Stuckey (2012) argued that smelling is an 

enhancement instead of interference to the experience of flavour and provides 

pleasure from foods along with other sensory modes. 

 

In multisensory flavour perception, the olfactory sense has two sensory systems – 

ortho-nasal and retro-nasal. The former one is associated with the inhaling of 

external odours; and the latter one with smell detection from chewing and 

swallowing (Spence & Piqueras-Fiszman, 2014). Both of the systems contribute to 

the tasting experience. 

 

Smell has an important role in tasting, this is commonly proved by holding your nose 

when having different flavours of for instance sweets, and they will have the same 

taste experience. When you hold your nose, you are preventing the olfactory 

component to play its role in perceiving flavours (Neil, 2004; Richardson, 2013). 

The everyday conception of senses is when we make judgments with our senses at 

the instances of perception (Richardson, 2013).  

 

There are many more studies that illustrate the strong connection between taste and 

smell. There are misconceptions that the taste sense is only related to our mouth, 

however Richardson (2013) explained perception of taste with water and citral water 
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to show that flavours are not only perceived in our taste buds, but with our nose too. 

It is perceived with both smell and taste. Stevenson (2009) also described the 

combination of “odour-taste” by arguing for the sweetness enhancement of food.  

 

However, in a commercial context, smell is yet harder to simulate. Thus, the next 

section will focus on sight and sound. 

 

2.4 Taste and Sound 

 

Hearing is another crucial sense for humans to create experiences. According to the 

traditional information processing approach, the auditory system of a person enables 

them to construct a mental representation of the environment they are situated in 

(Spence & Zampini, 2006). Lageat, Czellar and Laurent (2003) proposed a guideline 

in their study to use sound as a stimulus in product design to enhance the consumer 

hedonic experience. There are many more studies that investigate the use of auditory 

elements to enhance the product design (Norman, 2004; Keiper, 1997; Blauert & 

Jekosch, 1997). In addition, the study of Lundborg, Rosén and Lindberg (1999) used 

processed acoustic stimuli, such as processing the friction sound that represents each 

finger, then transmitting by a headphone to identify the fingers by sound. The 

different friction sound on different surface allowed the identification of texture. This 

can be can be used as an effective substitution to generate artificial sensibility, such 

as texture in prostheses.  

 

Hearing is an important sense, yet a relatively new idea, in the eating experience. 

Our perceptions toward food and drink can be affected by what we hear, even if it is 
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the sound produced when we consume the food (Spence, 2012; Spence & Shankar, 

2010; Verhagen & Engelen, 2006; Vickers, 1983). A famous experiment by Zampini 

and Spence (2004) showed that the perceived crispiness and freshness of potato 

crisps could be modified by sound levels or frequencies. When the sound level was 

increased or with amplified high frequency sound, the crisps were perceived as 

crispier and fresher. The results significantly highlighted that the perception towards 

food can be modulated by auditory cues.  

 

The characteristics of the audio itself could have an impact on our sense of taste. 

Some studies demonstrated the relationship between certain flavours and sound pitch. 

The study of Crisinel and Spence (2009) related high-pitched and low-pitched 

sounds to names of sour and bitter taste foods respectively. Condiment Junkie, a 

sensory branding and design agency, created soundtracks that could enhance the 

tastes of sweetness and bitterness (Jones, 2014). The frequency of the sweetness 

soundtrack was around 22kHz, whereas the bitterness soundtrack was around 66Hz. 

Sweetness as more related to smooth and continuous vowel sounds, whereas 

bitterness and sourness were more matched with staccato sounds (Simner, Cuskley & 

Kirby, 2010). Sourness had the highest frequency out of all four flavours (Simner, 

Cuskley & Kirby, 2010). Moreover, music can also be a medium to change the level 

of arousal of a person. Guéguen et al. (2008) and Guéguen, Hélène and Jacob (2004) 

showed that high volume of music increases the amount of alcohol consumption due 

to the arousal level with high volume level. A higher sound level is associated with a 

higher arousal level, inducing a higher level of alcohol consumption. 
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There are restaurants that have implemented auditory aspects into their dishes to 

enhance customers’ dining experience. For example, the famous dish ‘The sound of 

the sea’ from Heston Blumenthal’s The Fat Duck restaurant, in which the 

soundscape was developed by Condiment Junkie. They have successfully used a 

miniature iPod and headphone to make people focus on the texture and play of the 

dish. The experience has created emotional impacts such as tear breaking, feeling of 

pleasantness and focused attention to the experience on the diners toward the dish 

(Spence & Piqueras-Fiszman, 2014).  

 

2.5 Taste and Sight 

 

We, as humans, have visual-dominant perceptions (Hoegg & Alba, 2007; Spence, 

Shore & Klein, 2001; Driver & Spence, 2000; Posner, Nissen & Klein, 1976). We 

use visual images effortlessly and efficiently to be immersed in the information 

surrounding us (Van Essen, Anderson & Felleman, 1992).  

 

Our visual sense involves and supports many more senses than we experience. 

Tsakiris and Haggard (2005) revisited the well-known Rubber Hand Illusion (RHI). 

The RHI (Botvinick & Cohen, 1998) study is about people who would receive a 

similar tactile stimulation on their own hand when it was the rubber hand being 

stimulated. They realised that the illusion is not only the synchronisation of visual 

and tactile stimulation, but is also modulated by our visual sense, for instance, an 

ownership feeling (Michel et al., 2014; Tsakiris & Haggard, 2005).   
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Michel et al., (2014) conducted a similar experiment to the Rubber Hand Illusion 

(RHI) – the Butcher’s Tongue Illusion. They conducted the experiment with tongues 

instead of hands. The participants experienced tactile stimulations on their tongues 

when the dummy tongue was stimulated. This showed that what we see could be a 

strong stimulation to our physical feelings. However, this is not associated with taste 

factors.  

 

The flavour that we experience has been proved by many studies to be related to the 

colour that we see (Spence & Piqueras-Fiszman, 2014; Piqueras-Fiszman, Giboreau 

& Spence, 2013; Murray & Wallace, 2012; Zampini, Sanabria, Phillips & Spence, 

2007; Moir, 1936). Colour has been seen as the most important sensory cue for 

people’s expectations of the taste of food and drink (Spence, 2015). One famous 

study was conducted by Harrar and Spence (2013) where they investigated the effect 

of different colours, weights and materials of spoons to the taste of yoghurt. Some of 

the example findings was that white yoghurt tasted from white spoons was sweeter 

than that from black spoons due to colour contrasts, and also, cheese on a knife 

tasted saltiest compared with different shapes of cutleries. Furthermore, Ranasinghe, 

Lee and Do (2014) created FunRasa, that used an electrical stimulation on the tongue 

and virtual colouring in a drink. With this system, participants reported the 

sensations of tingling, as well as tastes that were spicy, sour, salty, bitter and some 

sweet. They also associated blue to salty, green to sour, and red to bitter. 

 

 

Moreover, the representation of the food is also important. This is the stage before 

ingestion, the first impression that we create for the food we are about to consume. 
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For example, the “Kandinsky on a plate” by Charles Michel, is where the 

arrangement of the plate is inspired by the work of Vasily Kandinsky, in particular 

Panel for Edwin R. Campbell No.4 (MoMA, n.d.). This result of the study showed 

that the arranged dish was more preferable for the participants than when the 

ingredients were just piled up on a plate (Spence & Piqueras-Fiszman, 2014). See 

below for the comparison of the arranged and piled plate (figure 2). 

 

 
figure 2. piled up ingredients and ‘Kandinsky on a plate’ 

Additionally, other than colours, the shape, size and haptic aspects are also 

significant to the eating experience (Spence & Piqueras-Fiszman, 2014). 
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2.6 Visual Advertisement 

 

When we put our visual sense into the commercial context, advertisement is a good 

example. Advertisement is a way that consumers are persuaded into a purchase or 

belief. One of the purposes of an advertisement is to stimulate purchases (Park, 

Shenoy & Salvendy, 2008). Purchases are strongly related to expectations. 

Expectations are formed by implicit learning, where the consumer is not aware of the 

learning process, and explicit learning, from past experience (Simons & Noble, 

2003).  

 

In an advertisement, especially in the digital age, visual and auditory aspects are 

being used more and more. Park & Young (1986) conducted a study that examined 

the use of music in advertisements. It was found that main concept for them in the 

advertisement could be facilitated and communicated by visual or auditory cues; 

however, it can be distracting if the visual or auditory cues are not effective. In the 

digital age, still images have now become continuous images. Animation is a popular 

way to create an advertisement. In Bush, Hair, and Bush’s (1983) research they 

found that approximately 20 percent of TV advertisements contain total or partial 

animation. In addition, animations are more commonly used in low risk products. 

 

Visual elements are essential to an advertisement, as it creates strong and positive 

attitudes in the audience and increases the desire to purchase (Clow et al., 2006). The 

study by Posner, Nissen and Klein (1976) found that visual processing was strongly 

affected by extra auditory stimulus. An advertisement utilises both visual and verbal 
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aspects to create attitudes from the audiences towards the product or services being 

advertised (Mitchell & Olson, 2000; Mitchell, 1986).  

 

2.7 Taste and Technology 

 

This section will review different studies in Human-Computer Interaction (HCI) 

research that have aimed to augment our eating experience by creating virtual tastes.  

 

Food is essential in our lives. With the development of new technologies, future food 

experiences can be imagined. The interaction of humans and food has become more 

about the engagement of people with potential technology involvement (Comber et 

al., 2014; Spence & Piqueras-Fiszman, 2013). One future food experience is digitally 

replicated food (Schoning, Rogers & Kruger, 2012). The advancement of 3D printing 

technology provides the potential for digitally produced food. For example, 

CandyFab (CandyFab, n.d.) can create a customised shape of sugar by caramelising 

it; and there is Choc Edge (Choc Edge, n.d.), where chocolates can be produced in 

customised patterns or shapes. However, there are many limitations to what a 3D 

printer can produce with edible materials. Technologies can also be employed to 

change eating behaviours. FoodWorks (Ganesh et al., 2014) was a study that aimed 

to encourage children to eat healthy foods that they usually dislike, such as carrots. 

Animated light and projections were used to distract and change their attention on to 

the lights on the vegetable, rather than the vegetable itself. The results were 

encouraging, showing that FoodWorks can enhance and make the food more 

appealing for children to eat. However, this is changing the expectation towards the 

vegetables for the children, in that when they see the original form, it is still possible 
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that they reject the vegetable. Their anticipation towards the vegetables has been 

changed.  

 

From the literature mentioned before, the utensil used could also be a factor that 

affects the eating experience. Kita and Rekimoto’s (2014) study created two utensils 

aimed at enhancing the food eating experience. First, the utensil HEAT is a plate that 

heated up the food to keep the temperature. Most of the participants preferred the 

food with the managed temperature; the second utensil PAFUMA enhanced the 

aroma of champagne by using vibration on the glass. All participants agreed that the 

device strengthened the aroma. Moreover, Hirose et al. (2015) created a spoon that 

changes weight. The study showed that when the spoon was heavier, participants 

perceived that there was a larger amount of food content to consume. The heavier 

spoon also affected quality perception, such as a marshmallow feeling harder and 

more elastic. This showed that the weight of food affects our perception towards 

food. The designs of these utensils are still in an experimental stage. 

 

There are more studies that are still being developed that aim to create virtual tastes 

in our mouths. National University of Singapore (NUS) engineers have developed a 

cup and spoon that would enhance or restore taste by electric pulses on the tongue 

(Cuthbertson, 2015). There is another project from the NUS by Dr Nimesha 

Ranasinghe at the Keio-NUS CUTE Centre. It is a device that uses different 

combination of electrical currents and temperatures to simulate the sweet, sour, bitter 

and salty sensations (National University of Singapore, 2014). Professor Adrian 

David Cheok from City University, London has been doing research with a similar 

device to digitise taste through electrical and thermal stimulation (Zhang, 2015). 
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Nakamura and Miyashita (2011) used a similar concept by using an electrical 

stimulus to create electric tastes with both drink and food, through a straw and fork 

or chopsticks respectively. Furthermore, Keio University in Japan created the 

TagCandy device that can augment the taste of a lollipop by using vibrations (Mills, 

2010). Meta Cookie created by Narumi et al. (2010) tried to create virtual taste 

through visual and olfactory cues. They provided plain cookies with virtual flavour 

for participants to select by visual display, and to manipulate the olfactory 

information by the scent released to the participant. There is progress being made 

regarding creating virtual tastes, however, these studies are still focusing on creating 

the taste in our mouth rather than in combinations with other senses. 

 

In Obrist et al.’s (2014) study they examined the experiences of the basic five tastes 

(Schiffman, 2000) that can be used as a guideline in designing the eating experience. 

They discussed the five tastes in regard to time. Sweetness is a pleasant taste, 

however through time it can be unsatisfying; sourness is usually unpleasant at first 

but the fast decay of its taste makes us want more; bitterness is an unpleasant taste 

that takes longer to decay which make us not want to experience it again; umami has 

both likes and dislikes but it is still confusing when determining the taste; and lastly, 

saltiness is not linked to any extreme reaction towards it. 
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2.8 Food Expectations 

 

When we are experiencing something new, we have expectations or anticipations 

prior to the actual experience. According to Simons and Noble (2003), our purchase 

decision is affected by our expectations, which are based on factors like previous 

experience. The feelings of pleasantness and inclination towards a product are 

closely related to our expectation of the characteristics of the product (Schifferstein, 

Kole & Mojet, 1999). In food consumption, expectation is strongly involved. 

Similarly to Simons and Noble (2003), Tuorila, Cardello and Lesher (1994) also 

mentioned that past experience and sensory cues creates expectations in our mind 

relating to whether to accept or reject the food (Piqueras-Fiszman & Spence, 2015). 

The expectations of food can be divided into two types – imagining the sensory 

attributes of the food, or whether the food will be liked or disliked. When there is a 

gap between the expected and actual attributes, this could have both a negative and 

positive impact depending on whether they are better than expected or worse 

(Cardello & Sawyer, 1992). The expectations can be formed with the physiological 

factors as well (Costell, Tárrega & Bayarri, 2009). In the study of Rebollar et al., 

(2012) they found that the colours of the packaging influenced the taste of gum; 

warm colours was expected to be more sweet and fruity, whereas grey colours were 

expected to be more menthol and spicy. The exteroceptive cues that involve visual, 

auditory and olfactory aspects usually occur before the consumption of food 

(Piqueras-Fiszman & Spence, 2015). Expectation is important for food consumption 

because it might create an improvement or degradation towards the food even before 

tasting (Deliza & MacFie, 1996).   
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Collins English Dictionary (Collins English Dictionary, n.d.) defines expectation as 

“an attitude of expectancy or hope; anticipation”. Anticipation is the phase before 

food consumption, which is when the expectation is first formed. Kramer and 

Szczesniak (1973) created a sensory circle that was divided into three zones – 

appearance, flavour and kineasthetics. It showed how our senses could overlap and 

merge into each other. Hutchings (1977) then added the anticipatory and 

participatory aspects to it, where the perception can differ depending on the moment 

of perception. This showed the stages and aspects that food consumption includes, 

and that the process starts before consumption. Anticipation mostly occurs within the 

appearance zone and links to flavour perception (as shown in figure 3).  

 
figure 3. Kramer’s sensory circle modified 

 

This showed that our anticipation is closely related to our visual cues. Visual cues 

are available even before ingestion (Murray & Wallace, 2012). They create an 

expectation of taste for the food that is about to be consumed (Hutchings, 1977). 

McCarthy and Wright (2004) proposed the use of technology as an experience, and 

created six sense making processes when we encountered a new experience. The six 

phases are what the user went through when interacting with an experience. The 
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anticipation phase in our mind is illustrated by the first stage of “anticipating” in this 

process. This is a framework that focused on the experiences “felt by the user” 

(Rogers, Preece & Sharp, 2011, p151). This anticipation phase will be a main focus 

in this project to create the virtual flavour.  

 

2.9 Theories to Design 

 

There has been much technical advancement towards creating augmentation of 

flavours. However, these technologies are not yet common in the commercial world. 

There is a gap between the technical advancement and the commercial use, and 

between theories and design. Visual and auditory aspects are more straightforward 

implementation in linking the gap. As humans, we have visual hunger. Visual hunger 

can be used as a stimulation to fulfill the expectations of people towards food. This is 

what the food media use to manipulate the consumers into purchasing food. Food 

images are sometimes also made more appetising and that might increase salivation 

(Spence et al., 2015), which can enhance the eating experience and increase 

enjoyment. Taking from the concept of advertisements, audio is also an essential 

compliment to a consumer’s expectation. When people’s expectations are closer to 

the properties of the product, the sensations are closer to the expectations rather than 

the actual sensory properties of the product (Schifferstein, Kole & Mojet, 1999).  

 

The psychology studies reviewed above were all carried out in controlled lab 

environment and studies on augmentation of tastes are still experimental. Most of 

them are focused on the eating experience but not the anticipation stage. It is difficult 

to translate the proposed theories in the literature to design. This created a gap 
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between the findings from literature and practical design applications to flavour 

augmentation in different stages. To fill the gap, the project will create a design that 

would be able to provide an experience to the product prior to consuming it by using 

multimodal stimuli. This is to manipulate the user’s expectation towards the food 

given in their anticipation state. This project is aiming to answer the research 

question of “ways to stimulate our senses to create an accurate anticipated flavour in 

our mind” by utilising visual and auditory stimulations. 
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CHAPTER 3. METHODOLOGY  

 

This chapter will cover two stages that the project has taken – the design space, 

which was explored through the Research through Design (RtD) approach, and the 

design ideas, which were evaluated in the controlled in-situ environment to gather 

the validity of the design ideas and potential in the problem space. 

 

3.1 Approaches  

 

3.1.1 Research through Design 

The question of how design practice can be considered as research has been debated 

(Rampino, 2012). Zimmerman, Forlizzi and Evenson (2007) proposed a solution – 

Research through Design (RtD). This is an approach to integrating design into HCI 

research by having design artefacts as an outcome method (Zimmerman, Forlizzi & 

Evenson, 2007). The artefact created can be used as a key to a new design space 

(Zimmerman, Stolterman & Forlizzi, 2010; Gaver & Martin, 2000). The process 

involves problem framing and employing methods to develop the artefacts 

(Zimmerman, Stolterman & Forlizzi, 2010). The artefacts can involve mock-ups to 

fully functional prototypes (Keyson, n.d.). One of the challenges in RtD is the 

requirement of design inquiry into a “Wicked Problem”, which is a problem that is 

not approachable by science and engineering (Zimmerman, Stolterman & Forlizzi, 

2010; Rittel & Webber, 1973). This project is an exploratory research using RtD due 

to the difficulties of moving from theories directly to design. 
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This project has implemented the approach of RtD. The wicked problem in this 

project is the formation of anticipated flavours in people’s minds prior to eating. To 

tackle this problem, research of related fields was constructed to lead to idea 

generation. During the idea generation stage, different methods such as sketching 

and storyboarding were used to evaluate various ideas to narrow down to a direction 

of the final idea. Prototypes were created for the final idea, and through iterative 

process, the idea was evaluated and tested for further development. Two prototypes 

were developed, leading to the final idea. Different data collection methods were 

used to gather data for analysis. The data collected and analysed from the study of 

the final prototype were leading to answers to the research question. The process of 

the whole project is illustrated with a flowchart shown below (figure 4).  

 
figure 4. project process 
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3.2 Methods 

 

3.2.1 Data gathering 

Different data gathering methods serves different purposes throughout the project. 

The two types of data collected were quantitative and qualitative data.   

 

3.2.1.1 Quantitative 

There were two questionnaires used throughout the project. Due to the low 

cost and short time requirement, during the idea generation stage it was easy 

to collect quick quantitative data to explore the designs. OnePulse (OnePulse, 

n.d.) was used to gather a large amount of data (100 participants) in a short 

period of time. Then, for the study of the final prototype, a quantitative 

questionnaire for participants to rate characteristics of the ice cream flavour 

with 9-point Likert scale (Wakita, Ueshima & Noguchi, 2012) was used. This 

allowed quick and understandable data to be collected from the participants’ 

experience.  

 

3.2.1.2 Qualitative 

Interviews were used to collect qualitative data about the participants’ 

experience. The pilot study and testing of prototype 1 both used semi-

structured interviews to collect data. Interviews allowed the greater detail of 

participants’ experience to be explored (Cassell & Symon, 2004). This 

qualitative data was used as guidelines to further development of the design 

ideas. Additionally, unstructured interviews were used to gather quick 

feedback from potential users with sketches and storyboards. The qualitative 
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data were analysed by categorising similar pattern of data (Rogers, Preece & 

Sharp, 2011); responses were categorised to lead to design decisions and 

improvements. 

    

3.2.2 Design  

There are different design methods that can be implemented to develop through 

ideas. In this project, the first stage of idea generation used different sketching to 

explore a wide range of ideas. Then, after different ideas were analysed and 

evaluated, storyboards were drawn to further develop the idea. Storyboards are an 

easy way to create visual images of the design task flow and gain feedback from 

users (Sova & Sova, 2006).  

 

When the ideas were narrowed down, prototypes were created. In this project, the 

design idea was a video clip with visual and auditory elements, thus prototypes of 

videos were made. They are serving the purpose of creating visual and auditory 

stimulation for participants to create the image of the flavour in their mind. 

  

3.2.3 Evaluation 

The prototypes produced were evaluated. Data gathered from the evaluation were 

used for further development. Studies were conducted with all three prototypes 

including pilot study, controlled-environment study and in-the-wild study. The pilot 

study was used to test out the initial ideas and gain feedback for development and 

changes. After the first prototype was created, a controlled-environment study was 

used. Participants were invited into a room with minimal external influences (Rogers, 

Preece & Sharp, 2011). The participants were able to focus on the visual and 
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auditory aspects in the prototype. Then, for the final prototype, to be able to broaden 

the target audience and reach out to more participants, the in-the-wild study was 

used. This allowed users to be in the natural settings (Rogers, Preece & Sharp, 2011), 

that they are experiencing, for instance, in a supermarket prior to purchasing an ice 

cream. 

 

3.2.4 Data Analysis 

The final prototype testing data collected from 9-point Likert scale were tested for 

significance with Aligned Rank Transform (ART) (Wobbrock et al., 2011) by 

repeated measures ANOVA. The software used was called ARTool (Wobbrock et 

al., 2015). This allows nonparametric factorial data with multiple factors to be 

analysed. The common method of The Friedman test (Corder & Foreman, 2009) 

would not work in this study to determine the interaction with multiple factors 

(Wobbrock et al., 2011). Furthermore, there were two characteristics that had not 

only significance between the expected and perceived taste, but also between the 

different simulations of expected and perceived taste. These two contrasts were 

followed up with the Wilcoxon Signed Rank Test. This allows both the simulation 

groups and expected and perceived taste, to be compared for significance. 
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CHAPTER 4. DESIGNING  

 

This chapter will present the design process of the project, from the starting phase of 

the idea generation, to the developing stage of two prototypes, then into the final 

prototype. The methods and procedures used in each phase will be discussed.  

 

The project followed an iterative process (Rogers, Preece & Sharp, 2011, p330). 

Different ideas were brainstormed and sketched using different methods. Then, an 

idea was chosen to be developed further. Three different iterations have been made 

to this idea to reach the final prototype. 

 

4.1 Idea generation 

 

The first stage to idea generation, knowledge, was gathered from the literature of the 

five senses and brainstormed in a mind map (figure 5).  

 
figure 5. brainstorm mind map 
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From the mind map, ideas of testing out different senses were sketched (see figure 6 

for example).  

 
figure 6. examples of testing ideas 

 

Then, more physical designs were sketched and evaluated (see figure 7 for example).  

 
figure 7. physical design ideas 

From the literature reviewed, it was evident that all senses affected the flavour 

perception. However, visual and auditory aspects were more straightforward and 

easier to implement to form anticipation. From the commercial perspectives, the 

prototype was chosen to focus on these more straightforward elements. Tindall-Ford, 
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Chandler & Sweller (1997) proved in their study with three experiments that 

information in mixed or audio-visual form is far more effective than visual-only. 

Thus, with visual and auditory aspects, the idea development for the final idea was 

generated.  

  

For the design the Ben & Jerry’s ice cream from Unilever was used as a case study 

for the studies. Three flavours were chosen and analysed – Minter Wonderland, 

Greek Style Strawberry Shortcake and Phish Food. A visual brainstorm was used to 

develop the idea for all three flavours (figure 8) 

 
figure 8. visual brainstorm of the three flavours 
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The main ingredients were emphasised and evaluated with the visual and auditory 

aspects. The prototypes produced were referred as the ‘simulation’ of the flavour. 

These prototypes were evaluated with informal experiments that gathered data to 

enable design improvements and research findings. 

 

4.2 Prototype 1 

 

4.2.1 Introduction  

Other research has showed that images and sounds are effective cognitive stimulators 

affecting peoples’ minds (Clow et al., 2006; Tindall-Ford, Chandler & Sweller, 1997; 

Posner, Nissen and Klein, 1976). Therefore, the first prototype was developed with 

still images and sound. There were two different simulations generated with the same 

images but different audio. The simulation was created with iMovie. The storyboard 

of the testing of prototype is illustrated in figure 9.  

 
figure 9. user testing storyboard 
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4.2.2 Methods 

4.2.2.1 Design 

The still images were of the main ingredients of each flavour of ice cream: 1) 

Greek Style Strawberry Shortcake, 2) Minter Wonderland and 3) Phish Food. 

There were four soundtracks used across the two simulations. The 

soundtracks were served with three main purposes – 1) enhancing flavour, 2) 

emphasising the image of ice cream and 3) elevating the feeling of coldness. 

The third purpose was research through the questionnaire distributed to 30 

respondents to receive feedback about their feelings towards the sound effects. 

A few sound effects of the ingredients were added as well, such as cookie 

crunching sound.  

Before producing the prototype, a questionnaire was used to gather data about 

two sound effects and how they related to the feeling of coldness. These two 

sound effects were: 1) wind blowing, and 2) a rod stirring ice cubes in a glass. 

Prototype 1 was a pilot study. This prototype contained two different versions 

of the same prototype – simulation 1 and 2, with the difference of background 

soundtracks. 

 

Simulation 1 used the Sweetness soundtrack from Condiment Junkie, this 

soundtrack has higher frequencies, around 22kHz. It is higher than Bitterness 

soundtrack (Jones, 2014). For the Greek Style Strawberry Shortcake, an 

additional track was added, which was essentially the same soundtrack as the 

one used for sweetness but with a higher pitch, according to the literature 

(Simner, Cuskley & Kirby, 2010; Crisinel & Spence, 2009). By increasing 



	  

37 

the pitch of the sweetness soundtrack it would be able to enhance the 

sourness in this flavour, which contains yoghurt. Additionally, the sound 

effect of cold wind blowing was added to elevate the feeling of coldness. This 

sound effect has been voted as a slightly higher feeling of coldness. Figure 10, 

showed the components of the simulations in order of flavour 1, 2 and 3 (see 

appendix 1 for sample screens). 

 

 

 

 
  figure 10. components of prototype 1 simulation 1  
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Simulation 2 used a soundtrack that has a happy atmosphere to emphasise the 

joyful ice cream eating experience. Then, the sound effect used here was a 

rod stirring ice cubes inside a glass. This was voted as a slightly lower feeling 

of coldness compare to the cold wind blowing but was still effective 

according to the questionnaire. Figure 11, showed the components of the 

simulations in order of flavour 1, 2 and 3 (see appendix 1 for sample screens). 

 

 

 

 
  figure 11. components of prototype 1 simulation 2 
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4.2.2.2 Participants 

A total of 30 responses were received for the questionnaire of the sound 

effects. There were a total of 5 participants involved in the pilot testing. They 

experienced both simulations with a short unstructured interview in between 

and provided feedback on both of them. 

 

4.2.2.3 Apparatus & Materials 

The materials used involved an iPad 2 as a display of the prototype 

connecting to a headphone that allowed the participants to listen to the 

soundtrack and effects. Small polystyrene ice cream cups were used to 

contain the different flavours of ice cream with numbered label (figure 12). 

 
figure 12. numbered label for ice creams 

The three flavours of ice cream used in the pilot testing were Ben & Jerry 

Greek Style Strawberry Shortcake, Minter Wonderland and Phish Food. Ice 

cream spoons were also used for each tasting. 
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4.2.2.4 Procedure 

1. The participants were given background information about the project 

with the information sheet (appendix 2) and were given the consent form 

(appendix 3) to sign. 

2. Firstly, the participants were asked to watch one type of the flavour 

simulations chosen by the facilitator. 

3. After they were asked to close their eyes to prevent colour influence, the 

facilitator provided them the ice cream of the flavour in the simulation. 

4. Then, a short unstructured interview was implemented to gather 

information on their experience comparing the prototype and actual 

eating experience. 

5. Secondly, the participants were asked to watch the other type of the 

flavour simulations. 

6. They were asked again, to close their eyes to prevent colour influence, 

and the facilitator provided them the ice cream of the flavour in the 

simulation. 

7. Then, a short unstructured interview was implemented to gather 

information, both on their experience comparing the prototype and eating 

and comparison to the first simulation they experienced. 

8. Lastly, the participants were given a free ice cream as their compensation. 
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4.2.3 Results 

 

There was some positive feedback, such as that they could imagine what each 

ingredient tastes like, however, it was hard to imagine the taste of the combination of 

the ingredients, therefore difficult to imagine the overall flavour. For the flavour 

Minter Wonderland specifically, three of the participants stated that they didn’t know 

what a mint leaf looked like. Moreover, few of the participants pointed out that it 

would be helpful if there were some description of the ingredients or flavour. For the 

feedback of the soundtrack, two participants mentioned that the happy soundtrack 

was distracting, as because of the beats they were paying more attention to the sound 

then the images. Two other participants mentioned that the wind-blowing soundtrack 

sounded too depressing and did not match the feeling of an ice cream. Most of the 

participants’ found the ingredient sound effects useful in creating a more vivid image. 

 

4.2.4 Discussion 

 

These feedbacks were useful for developing new design requirements. For example, 

the need for descriptions of either the ingredients or the flavour should be taken into 

consideration for the next prototype. The coldness sound effects were not as effective 

as imagined. Also, a requirement of the feeling of combination of ingredients needs 

to be added. By using these feedbacks, the second prototype can be generated and 

developed.  
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4.3 Prototype 2 

 

4.3.1 Introduction 

To develop from the idea of still images, an idea to use animation was developed. 

One of the issues from prototype 1 was that the participants couldn’t imagine the 

ingredients mixing together; thus when they could visualise the process of how 

ingredients relate to each other inside an ice cream cup, it helped them form the 

image. The animation was produced using Flash Professional CC and the simulation 

video was created in iMovie. An informal experiment was implemented to gather 

design feedback. 

 

4.3.2 Method 

4.3.2.1 Design: 

There were two simulations made for this prototype. The main purposes of 

these two simulations were to test out the idea of the animation and the 

difference between using sound effects and verbal description. Sound effects 

were added because, according to the literature, flavour perception can be 

positively affected by the natural sound produced when consuming food 

(Vickers, 1983). Both simulations have the same animation and sweetness 

soundtrack. 

Simulation 1 focused on using sound effects, for instance, the dropping sound 

when the chocolate dropped into the ice cream cup. Figure 13, showed the 

components of the simulations in order of flavours 1, 2 and 3 (see appendix 4 

for sample screens). 
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figure 13. components of prototype 2 simulation 1 

 

Simulation 2 focused on using verbal descriptions to describe the ingredients 

that were added to the cup and all ending with a phrase ‘all swirled into one 

delicious ice cream. 

The verbal descriptions were: 

Flavour 1: Mellow milk, juicy strawberries, natural Greek yoghurt and 

crunchy shortbreads.  

Flavour 2: Mellow milk, refreshing mint and crunchy chocolate chunks. 

Flavour 3: Fresh milk, mellow melted chocolate, rich caramel, tasty melted 

marshmallow and fish shaped chocolates.  

Figure 14, showed the components of the simulations in order of flavours 1, 2 

and 3 (see appendix 4 for sample screens). 
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figure 14. components of prototype 2 simulation 2 
 

 4.3.2.2 Participants: 

This prototype was tested on 14 people. Simulations 1 and 2 were evenly 

distributed among the participants. The testing took place in a controlled lab 

environment. 

 

 4.3.2.3 Apparatus & Materials: 

The materials used and involved in this testing was identical to the pilot 

testing, with an iPad 2 to display the prototype and a headphone for listening 

to the audio. Small polystyrene ice cream cups were used to contain the 

different flavours of ice cream with the same label (see figure 12). The three 
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flavours of ice cream used were the same – Ben & Jerry’s Greek Style 

Strawberry Shortcake, Minter Wonderland and Phish Food. Ice cream spoons 

were also used for each tasting. 

 

4.3.2.4 Procedure: 

1. The participants were given background information about the project 

with the information sheet and given the consent form to sign. 

2. The participants were asked to watch one of the flavour simulations 

chosen by the facilitator. 

3. After they were asked to close their eyes to prevent colour influence, the 

facilitator provided them all three flavours of ice creams in random order. 

4. The participants were asked to open their eyes and state which one of the 

flavours was the one he or she experienced in the flavour simulation. 

5. Then, a short semi-structured interview was implemented. 

6. Lastly, the participants were given a free ice cream as their compensation. 
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4.3.3 Results 

Qualitative data was collected from the short semi-structured interview. There was 

positive feedback regarding the ability of the prototype to anticipate flavour, with 

most participants mentioning that they were able or to an extent to imagine, what the 

flavour could taste like. Simulation 1 had slightly more positive feedback from the 

feedback about the sound effects used. However, the verbal description had positive 

feedback too. The participants also found the sound effect useful in creating a more 

realistic atmosphere. 

 

4.4.4 Discussion 

The qualitative data gathered in the interviews showed that both sound effects and 

verbal descriptions were stated by the participants as effective but not strong enough. 

Few participants suggested the combination of both could create a more realistic and 

vivid image in their minds. For the overall flavour, the participants stated that it is 

hard to imagine the flavour because they did not know about the proportion of each 

ingredients of the flavour. The animation of the adding of ingredients was relatively 

effective; however, when the ingredients are added to the ice cream cup they 

disappear when the next one is coming along, some participants mentioned that this 

disrupts their image of the flavour. Moreover, all participants had a different 

perspective towards some of the ingredients from their past experiences. For example, 

one of the participants saw the mint leaves and directly thought it should be mint 

flavoured chocolate, however, the actual ice cream is mint flavoured ice cream with 

chocolate chips. Also, the three flavours were very distinct which made it easier to 

state the one that they experienced in the simulation. 
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CHAPTER 5. FINAL PROTOTYPE 

 

This chapter will cover the whole study for the final prototype including the methods 

used, the results and discussion. 

 

5.1 Introduction 

 

The final prototype was produced with qualitative data analysis from prototype 2. 

Most of the participants tested with prototype 2 mentioned that they could imagine 

and paint a picture of the flavour they saw in the simulation in their mind. Therefore, 

this idea was continued to the final idea. For the final prototype, the study focused on 

how different the perceptions were towards the flavour in the simulation and the 

actual eating experience by rating the characteristics of the flavour such as sweetness 

and sourness; also, the effects of auditory and visual perception. From prototype 2, 

the Phish Food flavour simulation was the most effective among all three flavour 

simulations. Therefore, for the final prototype, this flavour was chosen. 
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5.2 Method 

 

5.2.1 Design: 

The improvements that were made from prototype 2 were that, when the ingredients 

were added into the ice cream cup they stayed on screen until the end. Both the 

sound effects and verbal description were added in the background. The Ben & 

Jerry’s logo was removed as it would be more obvious and easier to link to the Phish 

Food flavour from the participant’s past experience. Also, overall improvements on 

the quality of the animation were made. 

 

There were three different simulations created for different purposes: 

 

Simulation 1 is a purely verbal description of the flavour by stating the ingredients; 

this is the controlled condition. 

Simulation 2 will use the animation with sweetness soundtrack, sound effects and 

verbal description. This will be the main condition video. Figure 15 shows the 

components of the video (see appendix 5 for sample screens). 

 

 
 

figure 15. components of final prototype simulation 2 
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Simulation 3 will use the same animation, sound effects and verbal description, but 

with the bitterness soundtrack. This is to test the effect of the Sweetness and 

Bitterness soundtrack (Jones, 2014); if there will be any effects on the bitterness with 

the manipulated soundtrack when experiencing the prototype with the same 

controlled condition. Figure 16 showed the components of the video (see appendix 5 

for sample screens). 

 

 
 

figure 16. components of final prototype simulation 3 
 

There were 14 characteristics of ice creams (appendix) chosen to be rated by the 

participants on a 9-point Likert scale (Wakita, Ueshima & Noguchi, 2012). They 

were sweetness, sourness, bitterness, spiciness, crunchiness, freshness, fruitiness, 

creaminess, smoothness, coldness, chocolate flavour, marshmallow flavour, caramel 

flavour and eagerness. They were typical adjectives that would be used to describe 

ice cream flavours. 

 

5.2.2 Participants: 

This prototype was tested on 51 people (17 per simulation). Simulation 1, 2 and 3 

were evenly distributed among the participants. The study implemented an in-the-

wild strategy. 
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5.2.3 Apparatus & Materials: 

The materials used involved in this were similar to the previous testing. An iPad 2 

was used to display the prototype and a headphone for the audio. Small polystyrene 

ice cream cups were used to contain the ice cream, and ice cream spoons were used 

for tasting. Ben & Jerry’s Phish Food flavour was used for the study. A sheet of 

paper with 9-point Likert scale was printed for the participant’s reference when 

answering questions. Also, a notebook was used to record the findings (see appendix 

6 for sample).  

 

 

5.2.4 Procedure: 

1. The participants were given background information about the project with the 

information sheet and given the consent form to sign. 

2. The participants were asked to watch one of the simulations. 

3. The facilitator asked the participants to rate all 14 characteristics. 

4. Then, the participants were asked to eat the actual ice cream. 

5. Again, the facilitator asked the participants to rate the 14 characteristics.  

6. Lastly, the participants were given free ice cream as compensation. 
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5.3 Results 

 

The independent variable in the study was the three simulations – the main video, the 

controlled verbal description and the video with manipulated sound. The dependent 

variables were the 14 characteristics rated with the prototype and after eating. A 

separate ART ANOVA was carried out for each dependent variable to test for 

significance. The ART (Aligned Ranked Transform) allowed analysis of 

nonparametric factorial data collected with the 9-point Likert scale with multiple 

factors (Wobbrock et al., 2011). 

The R console ran three different contrasts between – 1) three simulations, 2) 

prototype flavour expectation or eating perceived flavour and 3) both simulations 

and prototype or eating.  

The following are the findings of each characteristic of the three contrasts. 

 

Sweetness: 

There was no main effect of simulation versions for sweetness, F(2,48)=1.10, p > 

0.05. 

There was no main effect between the expected and perceived sweetness, 

F(1,48)=1.16, p > 0.05. 

There was no interaction between simulations and expected or perceived sweetness, 

F (2,48)=0.78, p > 0.05. 
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Sourness: 

There was no main effect of simulation versions for sourness, F(2,48)=0.47, p > 0.05. 

There was significant main effect between the expected and perceived sourness, 

F(1,48)=6.18, p < 0.05. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected the ice cream to taste more sour than 

they perceived when actually eating the ice cream.  

There was no interaction between simulations and expected or perceived sourness, 

F(2,48)=0.08, p > 0.05. 

 

Bitterness: 

There was no main effect of simulation versions for bitterness, F(2,48)=0.45, p > 

0.05. 

There was significant main effect between the expected and perceived bitterness, F 

(1,48)=5.87, p < 0.1. After experiencing the simulations, both viewing the video and 

hearing the prototype, participants expected the ice cream to taste more bitter than 

they perceived when actually eating the ice cream.  

There was no interaction between simulations and expected or perceived sweetness, 

F (2,48)=0.39, p > 0.05. 
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Spiciness: 

There was no main effect of simulation versions for spiciness,  

F (2,48)=1.54, p > 0.05. 

There was significant main effect between the expected and perceived spiciness, F 

(1,48)=23.63, p < 0.0001. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected the ice cream to taste spicier than 

they perceived when actually eating the ice cream.  

There was interaction between simulations and expected or perceived spiciness, F 

(2,48)=40.49, p > 0.001. Wilcoxon Signed Rank Test was used for contrast between 

simulations and expected or perceived spiciness. There was no significant effect on 

simulation 2 and 3 both expected and perceived flavour. However, there was an 

effect that approached significance in simulation 1 (p = 0.68) between the expected 

and perceived ratings of spiciness. Most of the participants rated the ice cream as 

non-spicy when the verbal description was given to them, but there were few 

participants rated 2, 4, 5 and 7 for spiciness. After eating the actual ice cream, the 

perceived spiciness was all non-spicy. This shows that the verbal description of the 

ice cream would create an expectation of spiciness when the actual tasting perception 

had no spiciness. At the same time, it showed that the video-simulations could create 

a better expectation image than verbal-only simulation. 
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Crunchiness: 

There was no main effect of simulation versions for crunchiness, F (2,48)=1.38, p > 

0.05. 

There was no main effect between the expected and perceived crunchiness, F 

(1,48)=1.42, p > 0.05. 

There was no interaction between simulations and expected or perceived crunchiness, 

F (2,48)=0.02, p > 0.05. 

 

Freshness: 

There was no main effect of simulation versions for freshness, F (2,48)=0.26, p > 

0.05. 

There was significant main effect between the expected and perceived freshness, F 

(1,48)=13.33, p < 0.001. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected the ice cream to be less fresh than 

they perceived when actually eating the ice cream. 

The perceived freshness is higher than expected.  

There was no interaction between simulations and expected or perceived freshness, F 

(2,48)=1.14, p > 0.05. 
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Fruitiness: 

There was no main effect of simulation versions for fruitiness, F (2,48)=2.37, p > 

0.05. 

There was significant main effect between the expected and perceived fruitiness, F 

(1,48)=51.51, p < 0.001. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected the ice cream to taste fruitier than 

they perceived when actually eating the ice cream.  

There was interaction between simulations and expected or perceived fruitiness, F 

(2,48)=64.42, p > 0.001. Wilcoxon Signed Rank Test was used for contrast between 

simulations and expected or perceived fruitiness. There was no significant effect on 

simulation 2 and 3 both expected and perceived flavour. However, there was a 

significant effect in simulation 1. Most of the participants rated the ice cream as non-

fruity when the verbal description was given to them, but there were a few 

participants who rated 2, 3 and 5 for fruitiness. After eating the actual ice cream, the 

perceived spiciness was all non-fruity. This shows that the verbal description of the 

ice cream would create expectation of fruitiness when actual tasting perception had 

no fruitiness. At the same time, it showed that the video-simulations could create a 

better expectation image than verbal-only simulation.  
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Creaminess: 

There was no main effect of simulation versions for creaminess, F (2,48)=0.06, p > 

0.05. 

There was no main effect between the expected and perceived creaminess, F 

(1,48)=2.80, p > 0.05. 

There was no interaction between simulations and expected or perceived creaminess, 

F (2, 48)=1.82, p > 0.05. 

 

Smoothness: 

There was no main effect of simulation versions for smoothness, F (2,48)=2.48, p > 

0.05. 

There was significant main effect between the expected and perceived smoothness, F 

(1,48)=16.72, p < 0.001. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected the ice cream to be less smooth than 

they perceived when actually eating the ice cream. 

There was no interaction between simulations and expected or perceived smoothness, 

F (2,48)=0.08, p > 0.05. 
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Coldness: 

There was no main effect of simulation versions for coldness, F (2,48)=0.21, p > 

0.05. 

There was no main effect between the expected and perceived coldness, F 

(1,48)=1.60, p > 0.05. 

There was no interaction between simulations and expected or perceived coldness, F 

(2,48)=1.86, p > 0.05. 

 

Chocolate flavour: 

There was no main effect of simulation versions for chocolate flavour, F (2,48)=1.73, 

p > 0.05. 

There was significant main effect between the expected and perceived chocolate 

flavour, F (1,48)=16.39, p < 0.001. After experiencing the simulations, both viewing 

the video and hearing the prototype, participants expected the ice cream to be of less 

chocolate flavour than they perceived when actually eating the ice cream. 

There was no interaction between simulations and expected or perceived chocolate 

flavour, F (2,48)=2.04, p > 0.05. 
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Marshmallow flavour: 

There was no main effect of simulation versions for marshmallow flavour, F 

(2,48)=2.16, p > 0.05. 

There was significant main effect between the expected and perceived marshmallow 

flavour, F (1,48)=22.94, p < 0.0001. After experiencing the simulations, both 

viewing the video and hearing the prototype, participants expected the ice cream to 

have more marshmallow flavour than they perceived when actually eating the ice 

cream.  

There was no interaction between simulations and expected or perceived 

marshmallow flavour, F (2,48)=0.53, p > 0.05. 

 

Caramel flavour: 

There was no main effect of simulation versions for caramel flavour, F (2,48)=0.24, 

p > 0.05. 

There was significant main effect between the expected and perceived caramel 

flavour, F (1,48)=7.18, p < 0.1. After experiencing the simulations, both viewing the 

video and hearing the prototype, participants expected the ice cream to have more 

caramel flavour than they perceived when actually eating the ice cream.  

There was no interaction between simulations and expected or perceived caramel 

flavour, F (2,48)=1.01, p > 0.05. 

 

 



	  

59 

Eagerness: 

There was no main effect of simulation versions for eagerness, F (2,48)=0.51, p > 

0.05. 

There was significant main effect between the expected and perceived eagerness, F 

(1,48)=11.04, p < 0.01. After experiencing the simulations, both viewing the video 

and hearing the prototype, participants expected their eagerness to be less than they 

experienced when actually eating the ice cream. 

There was no interaction between simulations and expected or perceived eagerness, 

F (2,48)=0.21, p > 0.05. 

 

5.4 Discussion 

 

The results showed that some aspects of the prototype were effective and some of 

were not.  

The four characteristics that had no statistical significance (sweetness, crunchiness, 

creaminess and coldness) showed that the expected and perceived flavours were 

similar, and that it is easy to imagine the level of them without tasting. Most of the 

ice creams that exist are quite creamy and cold. Thus, this is easier for people to 

judge the creaminess and coldness just by a given description or visual images. 

Sweetness is a common taste of ice creams, so with the ingredients shown, especially 

chocolate, it is easy for people to predict the level of sweetness from their past 

experience with the ingredients. The image of chocolate chunks and description of 

“crunchy chocolate chunks” creates an accurate image of the crunchiness from 
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peoples’ past experience of biting into chocolate chips.  

There were more characteristics that the participants found stronger in the expected 

taste than was perceived when eating the ice cream. The six characteristics were 

sourness, bitterness, caramel flavour, spiciness, fruitiness and marshmallow flavour. 

People gave more expectation to the characteristics; however, the actual experience 

was at a lower level. Sourness, bitterness and spiciness are all from the basic five 

tastes (Schiffman, 2000), and the level of these flavours usually varies between 

people. People have different tolerances of sour, bitter and spicy tastes. These 

flavours are relatively easy to recognise, thus people would expect them to be at 

higher level when the question was asked. Fruitiness only means the resemblance of 

fruit tastes but can also be defined as “rich in flavour” (Dictionary.com, n.d.). Thus, 

when the participants were asked the question of fruitiness, it could be interpreted in 

different ways. If fruitiness was seen as meaning rich in flavour, by showing all the 

ingredients that one could be stronger or weaker than others, the prototype type 

would create a richer flavour than the eating experience. Marshmallow and caramel 

flavours are not the main ingredients that have a vivid taste, thus by providing a 

description and images of these two ingredients, it created a larger picture of the taste 

than it should have.  

 

Freshness, smoothness, chocolate flavour and eagerness: these four characteristics 

were expected to be at a lower level than the perceived. People found it fresher, 

smoother, more chocolate flavour and eager after eating the ice cream. Smoothness is 

harder to imagine where it could mean the physical texture or the eating experience 

as a whole. The chocolate chunks description and images weren’t strong enough to 

create the crunchiness of the ice cream overall. However, sometimes the frozen ice 
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cream could create some ice flake crunchiness; therefore, people would only feel this 

crunchiness when eating the ice cream. By showing a mixture of ingredients without 

each proportion, it is harder to imagine chocolate flavour as the main taste of the ice 

cream. They can only notice chocolate being the strongest and main taste of the ice 

cream after eating. Freshness is also another characteristic that has multiple 

definitions and it is harder to create an image of freshness with the prototypes, it is 

more towards a physical feeling. Thus, the feeling of freshness was clearer after 

eating. During the study, multiple people mentioned that they were not big fans of 

ice cream or the flavour doesn’t seem like their preference. However, after 

consuming the ice cream most of them enjoyed it and the eagerness of eating 

increased. The prototypes didn’t allow the participants to accurately imagine the 

mixture of tastes. 

The only two characteristics that had significance between three the simulations, 

expected and perceived flavour were spiciness and fruitiness. The statistical 

difference is with simulation 1. Participants rated the ice cream experienced with 

some spiciness and fruitiness when the verbal description was given to them, but 

after eating the ice cream they found it to be non-spicy and non-fruity. This showed 

that with verbal descriptions, it is harder to determine the spiciness and fruitiness 

compared to containing visual images and effects. A mixture of audio and video 

elements created a more accurate expectation. According to the literature, for 

example Tindall-Ford, Chandler and Sweller’s (1997) study, it proved that mixture 

of audio-visual is way more effective than audio or visual-only. 

From the study, it is evident that the video prototype could possibly create an image 

of flavour in people’s mind. They were able to determine some of the characteristics 

of the ice cream flavour from visual or audio stimulation and also their past 
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experiences or memories. In a commercial context, it has the potential to provide 

customers with an opportunity to construct a general image of the flavour before 

purchasing.  

 

5.5 Limitations 

 

There were some limitations that affected the effectiveness of the study. Firstly, most 

of the past studies in the taste augmentation area were lab-based study; however, this 

study was in-the-wild. Factors can be easily controlled in a lab environment, but 

there were many external factors that cannot be controlled in the in-the-wild study, 

for instance, noise on the road or people talking, sun glare where people cannot see 

the screen completely and sound or visual distractions (Spence & Shankar, 2010). 

All these could potentially affect the effectiveness of the prototype (Rogers et al., 

2007). Then, the logistics of ice cream was one of the issues during the study. It was 

difficult to keep the ice creams in their best condition when doing the study; 

therefore people from different times could experience the ice cream in different 

states. For example, the coldness could change due to the melting of ice cream. 

During the study where participants were given the ice cream to eat, they all ate 

different amounts of ice cream. The perception of the flavour could change after 

eating different amounts (Obrist et al., 2014).  

Additionally, different parts of the ice cream could give different perceptions of taste 

as well. For example, there were some parts of the ice cream that had more 

marshmallow or caramel taste and some parts had more chocolate crunches, thus 

participants who ate these specific parts could experience crunchiness, marshmallow 
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and caramel flavour differently. The different interpretation or understanding of the 

fourteen characteristics that were asked could be affecting the participants’ response 

as well. Furthermore, some participants had previous experience with the ice cream. 

They made a guess that it was Phish Food from Ben & Jerry’s after seeing the 

prototype. This could possibly affect how they expected the ice cream to taste like, 

based on what they had experienced previously.  

Although visual and auditory stimulation could be strong stimuli to expecting 

flavour, it is not strong enough in comparison with the combination of texture and 

smell. This limited the possibilities of accurate expectation, however, as for 

commercial purposes, this study provided a potential of possible augmentation of 

taste just with auditory and visual simulation. 

 

 

 

 

 

 

 

 

 

 

 



	  

64 

CHAPTER 6. GENERAL DISCUSSION 

 

The findings throughout the project have provided some insights to the problem 

space created. The findings, to some extent, answered the research question. From 

the findings of the evaluation it was evident that visual and auditory cues were 

potentially able to stimulate our senses to create anticipated flavours. For example, 

sweetness, crunchiness, creaminess and coldness were perceived as what was 

expected. Thus, a realistic sensation of these characteristics can be created using 

visual and auditory cues. From the literature, we understand that flavour perception 

is not just about our taste but multiple senses (see Bremner, Lewkowicz & Spence, 

2012; Stevenson, 2009; Auvray & Spence, 2008; Driver & Spence, 2000). The 

findings have proven these aspects of flavour perception. The final prototype utilised 

the bitterness soundtrack to elevate the bitterness sensation. Obrist et al. (2014) 

described bitterness as an unpleasant taste; however, from the findings bitterness 

didn’t have a discouraging effect. This might be both the soundtrack not creating an 

overall effect or that audio stimulation of bitterness would not create as much 

unpleasantness as actual taste. Further research needs to be done to be certain.  

 

One of the main purposes of the project is to create the flavour perception in the 

anticipation stage. The anticipation stage in Hutching’s (1997) modified sensory 

circle (see 2.7) showed involvement in appearance, which is our visual sensation and 

flavour. From the findings, it can be positively correlated to the sensory circle, as 

visual cues were used to create imaginary flavour prior to consumption. Multiple 

studies mentioned that our expectations are formed partially by past experience. The 
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observation throughout the project can support this concept. In Deliza and MacFie’s 

(1996) study, they stated that expectation could create improvement to food 

consumption, which is evident in this study by the higher levels of eagerness to 

consume the ice cream when eating it after viewing the prototype. The increase of 

eagerness answered the second research question, which showed that rather than 

change our enjoyment, it elevated our enjoyment. It has also been mentioned that 

when there is a gap between expected and perceived flavour, it could have an either 

positive or negative impact (Cardello & Sawyer, 1992). In this project, the gap 

between expected and perceived, either higher or lower expectation than perceived, 

all resulted in higher eagerness when consuming the ice cream.  

 

In general, the project has proven the potential in the problem space of using sensory 

cues, such as visual and auditory, to create an accurate expectation of flavour. The 

RtD approach was useful to resolve the difficulty of going directly from theories to 

design, which is often a challenge. A problem space was able to be created to utilise 

the theories as a basis for design works. However, as this is an exploratory research, 

more aspects have to be considered within the problem space to resolve the wicked 

problem (see Zimmerman, Stolterman & Forlizzi, 2010; Rittel & Webber, 1973). 

This project also implemented in-the-wild studies; in section 5.3, some negative 

impacts on these studies were mentioned. However, Rogers et al., (2007) argued that 

despite the disadvantages, in-the-wild studies are effective in demonstrating 

behaviours of people in their intended setting. There were a few challenges during 

the project. RtD is a relatively new approach, so it is possible that the project could 

utilise the approach more effectively, such as more concrete research on the design 

space, and a greater variety of ideations and idea testing. More ideas could have been 
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explored in the design space to allow more iterations and development around the 

research question. Overall, the project has led to interesting findings. More formal 

experiments could be implemented to gather more perspectives and aspects of data to 

expand the design space in order to solve more or larger wicked problems.  
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CHAPTER 7. CONCLUSION & FUTURE WORK 

 

This exploratory research project implemented the Research through Design (RtD) 

approach to create a design space for creating anticipated tastes through our senses. 

Three iterations of prototype were created, data was collected and evaluated, and 

findings were presented. The findings showed that the visual and auditory cues, to an 

extent, were able to create accurate sensations of the anticipation of flavour. Also, 

the prototype has shown that the experience of ice cream consumption has positively 

increased after viewing the prototype. The stimulation of anticipation can lead to 

positive sensation of the actual tasted flavour.  

This project is a starting point within the problem space, connecting the theories to 

the design, with the aim of this design being used for commercial purposes. 

 

This project provided potential evidence that through visual and auditory stimulation, 

it is possible for people to imagine a certain flavour of ice cream. In the commercial 

context, there are some potential possibilities for application. The prototype could be 

developed further with the study results to increase accuracy. This can be used as a 

“taster” for ice cream. Customers in a supermarket, for example, see a new flavour of 

ice cream but have no idea if they would like the taste or not. As it is all packaged, 

there is not any way to try the ice cream. So, as they scan the QR code on the shelf or 

ice cream box, this will link to this “taster” and provide the customers with a general 

idea of the taste for purchasing decisions. Spence and Piqueras-Fiszman (2014) 

mentioned the use of QR codes to modify the interaction with food, either to have the 

QR code on or in the food for diners to scan that would lead them to different aspects 
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of multisensory stimulation that would enhance or change their experiences. For 

example, Qkies (Qkies, n.d.) provides information about the cookies or improve 

social interaction by customising the QR codes. Furthermore, it would be interesting 

to look at the differences when applying this onto different flavours of ice cream or 

even on other foods. If the same effect can be shown in other applications, this would 

be useful in providing a new way of experiencing foods.  
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