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ABSTRACT 
Everyday eating and drinking experiences involve multiple, 
interrelated, sensory inputs. However, when it comes to human-
food interaction design (HFI) research, certain senses have 
received more attention than others have. Here, we focus on 
audition, a sense that has received limited attention in such 
context. In particular, we highlight the role of food/drink-related 
eating sounds, as a potential input for human-food interaction 
design. We review some of the few systems that have built on 
such sounds within food and drink contexts. We also present a 
multisensory design framework and discuss how the systematic 
connections that exist between the senses may provide some 
guidelines for the integration of eating sounds in HFI design. 
Finally, we present some key prospects that we foresee for 
research in technology design in HFI. 
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1. INTRODUCTION 
It has been suggested that eating and drinking are some of the 
most multisensory experiences of our everyday lives [1,2]. Just 
think of your average snack or meal. The visual and olfactory 

characteristics of the food provide you with an initial idea of what 
you are about to experience. Then, you may use either specific 
tableware or perhaps your hands to eat it. The act of eating will 
take place in an environment characterized by specific visual (e.g., 
light or decoration) and sonic atmospheres (e.g., music or noise). 
Next, when you put the food into your mouth, you experience a 
complex psychological construct, namely, flavor. Flavor is 
generally defined as the combination of, at least, taste (e.g., sweet, 
sour, salty, bitter, and umami), which arises from the stimulation 
of the receptors of tongue, and retronasal smell inputs (smells 
processed orally), and perhaps other elements such as the texture 
and temperature [3]. In fact, whether or not the flavor construct in 
itself involves other sensory inputs is still an open question, 
though it is largely acknowledged that the other senses (e.g., 
vision, hearing) can, at the very least, influence the expectations 
associated with - and the experience of - foods and drinks [4]. 
That said, not all senses have received the same attention in this 
context. In the present article, we focus on one of such senses, 
namely, audition, and the potential that auditory inputs associated 
with eating offer in the world of HFI.  

The aim of this article is to highlight the potential role of eating-
related sounds in multisensory human-food interaction design. We 
argue that in order to successfully articulate these sounds in HFI, 
designers should focus on the different multisensory inputs 
present in a given experience, and should therefore build from the 
existing knowledge on multisensory perception. We start by 
describing the role of sound in eating and drinking. After that, we 
present some of the few technologies that have been designed to 
date that capitalize on eating-related sounds for HFI design. We 
then present a design framework based on earlier suggestions on 
synaesthetic design (e.g., [5,6]), that could be used as a guideline 
to exploit sound, combined with other sensory cues, in the context 
of multisensory HFI design. The idea here is that, in design 
contexts, the senses should not be approached separately or 
independently, but rather in combination whilst contemplating 
their systematic connections. As Haverkamp [7] puts it, the 
ultimate goal consists of “…achieving the optimal figuration of 
objects based upon the systematic connections between the 
senses” (p. 15). Following that, we present what we believe are 
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some key opportunities for research in technology design that take 
advantage of sound for the design of meaningful HFI. 

2. THE ROLE OF SOUND IN EATING AND 
DRINKING 
Many people seem to believe that audition is the least important 
sense when it comes to flavor perception [8]. However, research 
has started to demonstrate that sound is critical to both our eating 
and drinking experiences, as well as to the flavors that arise from 
them [9]. As we will see later, the sounds associated with a food 
or a drink item before we purchase them (e.g., TV ad, vending 
machine, cooking), the sounds derived from our interaction with 
such items (e.g., crunching, gulping, or smacking), but also the 
environmental noise or music that might be playing when we eat 
or drink, can impact our expectations and experiences of such 
items (see Figure 1, for some examples).  

 

Figure 1. Sounds are ever-present in HFIs, from the moment 
when we acquire and process the food (A), through our 
interaction with its presentation format, (B), to the moment 
when we eat it (C). The sounds that accompany such process 
can influence the expectations and perception of the food, but 
also our behavior towards it (D). 

A pleasant sonic atmosphere can make a meal more or less 
enjoyable [10], while the sound derived from chewing a carrot or 
potato chip can make a big difference in terms of how crunchy 
(and fresh) we may perceive it [11,12]. Even before we eat, the 
sonic cues that originate from the foods and drinks that we 
consume can already prime specific notions about their sensory 
and hedonic attributes. For instance, research has demonstrated 
that, on the sole basis of the sound that can be heard when a liquid 
is poured into a receptacle, people can tell whether the liquid is 
hot or cold. Such percept can also be modified by artificially 
changing the sonic properties of the pouring liquid [13].  What is 
more, research has begun to show that other sonic cues - such as 
the level of background noise - can modulate the perception of 
specific taste attributes (e.g., how sweet the food is). For instance, 
Yan and Dando [14] showed that noise can reduce the perception 
of sweetness and enhance the perception of umami. Perhaps 
unsurprisingly, many modernist chefs are now experimenting with 
sound as a new ‘ingredient’ in their experience recipe [12,13]. 
Whilst our understanding of the role of audition in the perception 
and experience of foods and drinks is still at an early stage, there 

has been a growing number of studies on the topic in the last 
decade or so (see [15], for a review). This has opened up a 
number of opportunities for technology design in the context of 
HFI. Nevertheless, research and development of design that 
capitalize on sounds linked with eating and drinking (e.g., 
masticating, ingurgitating, crunching, gulping, or smacking), in 
order to invent new, or re-designing already existing, food and 
drink experiences, has been rather limited. Eating-related sounds 
are critical to any eating or drinking experience as they can 
influence the perception of attributes such as crunchiness, 
creaminess, and carbonation, and influence the enjoyment of the 
food [8].  

3. FOOD AND DRINK ENHANCING 
EATING-RELATED SOUND-BASED 
SYSTEMS  
Whereas the notions of multisensory human-computer interaction 
(HCI), as well as multisensory HFI, have gained momentum in the 
last decade (see [18]), the usage/adaptation of sounds associated 
with eating, in combination with other sensory inputs, in HFI, has 
been somewhat limited [12]. Nonetheless, a few researchers have 
worked in augmenting food and drink properties by means of 
enhancing the auditory feedback associated with eating and 
drinking. 

For example, Hashimoto et al. [19] introduced one of the early 
systems design to augment drinking experiences based on the 
multisensory cues associated with drinking. “Straw-like User 
Interface (SUI)” (see Figure 2) allows people to virtually 
experience the process of drinking a beverage by reproducing the 
pressure, vibration, and sound that accompany the act of drinking 
(see also [20]). A system such as SUI may be an important step 
towards virtual food and drink experiences (see also [21]). 

 

Figure 2. A real (A) and a schematic (B) representations of 
“Straw-like User Interface (SUI)” [19]. Figure reprinted from 
“Straw-like user interface: virtual experience of the sensation 
of drinking using a straw," ACE’ 2006-Hollywood, California, 
USA, © 2006 ACM, Inc. 
http://doi.acm.org/10.1145/1178823.1178873. 

Koizumi et al. [22] developed one of the first systems to capitalize 
on mastication sounds in order to enhance the perception of food 
textures, as well as the overall enjoyment of the food. The 
“Chewing Jockey” (see Figure 3), utilizes a bone-conduction 
speaker, a microphone, a sensor to track the jaw’s movement, and 
a computer to control the sound that matches the process of 
mastication. These researchers designed two applications. In the 
first, a chewing game, participants would chew sweets and hear 
screaming sounds as they did so. Here, the idea was to make them 



feel that the gummies were living creatures in a horror movie-type 
experience. The second application was aimed at augmenting 
texture perception, and was based on previous research suggesting 
that the perception of crispiness of potato chips can be modulated 
by the sounds derived from mastication [9]. The authors 
concluded that the system was a promising tool for HFI, not only 
for the general public, but also for people with, for example, 
dental or oral-somatosensory dysfunctions. 

 

Figure 3. A schematic representation of the “chewing jockey” 
[22]. Figure reprinted from “Chewing Jockey: Augmented 
Food Texture by using sound based on the cross-modal effect," 
ACE’ 2011-Lisbon, Portugal, © 2011 ACM, Inc. 
http://doi.acm.org/10.1145/2071423.2071449. 

In another investigation, Kadomura et al. [23] introduced 
‘EducaTableware’, a computer-based system designed to augment 
eating and drinking experiences via some of the utensils that we 
use to eat and drink.  ‘EducaTableware’ involves two devices, 
namely a fork (or EaTheremin, see Figure 4A) and a cup (or 
TeaTheremin, see Figure 4B). Both devices use resistance values 
(e.g., resistance value of the food, biting time) to map/emit sounds 
during the process of eating and drinking. The aim of using such 
system consisted of encouraging better eating habits, in particular, 
among children. 

 

Figure 4.  “EducaTableware’s” EaTheremin (A) and 
“TeaTheremin” [23]. Figure reprinted from 
“EducaTableware: computer-augmented tableware to enhance 
the eating experiences," CHI EA '13-Paris, France. 
http://doi.acm.org/10.1145/2468356.2479613. 

4. MULTISENSORY DESIGN OF 
TECHNOLOGIES TO ENHANCE FOOD 
AND DRINK EXPERIENCES 
A common feature to the systems reviewed above is the fact that 
the sonic cues are never the only sensory input in their HFIs. In 
contrast, and as it is often common in eating/drinking 
environments, sound is just one of the many different sensory 
inputs involved in the experience. For that purpose, any system 
that design HFIs should consider the way in which different 
sensory inputs are combined, and/or influence one another, in 
order to evoke a specific percept or behavior. 

4.1 Factors that Influence the 
Correspondence between Sensory Features 
Indeed, one of the differences between a design approach in 
which each sense is considered independently or in multisensory 
fashion, lies on the kinds of questions that designers ask. For 
example, in the first approach one may ask “what is the optimal 
sound for a given food product?” whereas in the latter one may 
enquire “how does the food’s sound could enhance a given taste 
note?” (e.g., [24]). With this in mind, it is critical to take into 
account the different factors that have been shown to influence 
how our brain relates information from the different senses. Note 
that this section does not aim to provide a comprehensive review 
of such factors, but rather discuss some of them as they may guide 
the process of multisensory design. 

Figure 5 presents some of the elements that govern multisensory 
processing [17,25-27]. Elements such as the temporal (e.g., 
whether two signals happen at the same time) and spatial (e.g., 
whether two signals come from the same location) aspects of 
multisensory information are perhaps some of the most basic 
features that influence the correspondence between the senses 
[28]. In addition, it has been shown that sensory information that 
shares the same identity or meaning tend to correspond (namely 
semantic correspondence, e.g., [29]). This applies not only to 
individual objects (e.g., the sound of an apple bite and the image 
of an apple) but also for the contexts in which they are presented 
(e.g., perhaps the sound of Chopin does not correspond with the 
food of a fast food restaurant, whereas it may correspond well 
with a tea house, [30]).  

 

Figure 5. Levels of analyses for the design of multisensory 
experiences (e.g., [17,32]) 



Importantly, we also related information based on the 
compatibility of different cross-sensory features, or crossmodal 
correspondences. The concept of crossmodal (or synaesthetic) 
correspondences refer to the association that exist between 
features across the senses [31, 32]. In such associations, in 
contrast with semantic correspondences, when two features 
correspond (e.g., pitch and brightness), they often provide non-
redundant, complementary, information about objects in the 
environment. For example, it is known that people associate basic 
tastes with specific pitches, but also with complex sounds [33].  

Some researchers have suggested that there are four different 
kinds of crossmodal correspondences: (1) structural, (2) 
statistical, (2) linguistic, and (2) affective [27,34]. The first seems 
to arise from a basic common coding of stimulus features (e.g., 
intensity, see [35]) and the second as a function of the 
interiorization of the statistical constancies of the environment 
(such as pitch and spatial elevation, see [36]). Linguistic 
correspondences are related to metaphor; that is, in language we 
use terms from one sensory modality to describe attributes in 
another modality (e.g., describing odors in terms of musical 
parameters, see [37]). Finally, affective correspondences appear to 
result from a common ‘feeling’ evoked by the corresponding 
stimuli (e.g., as in music and colors, see [38]). These different 
kinds of crossmodal correspondences are not mutually exclusive; 
rather, they seem complement each other ([39]). 

Note that the different factors described above may not act 
independently, but rather, in conjunction during perception [39]. 
In that sense, whilst, for example, people may hear the sound of 
coffee being poured into a receptacle (via a vender machine), the 
sound derived from grinding the coffee beans might guide people 
to expect the taste of coffee (semantic correspondence). 
Moreover, the sonic parameters of the liquid being poured into the 
receptacle may guide people’s expectations about the creaminess 
or bitterness of the coffee (crossmodal correspondences). With 
these ideas in mind, although the focus of the present article is on 
the correspondence between eating sounds and the other senses, 
this design approach may well guide the creation of other 
multisensory experiences. 

4.2 Congruence or Incongruence? 
Whether different sensory cues may be used congruently or not 
(i.e., in terms of space/time, semantics, or correspondences) is not 
necessarily fixed and should be looked at the different moments of 
a given experience [40, 41, 42]. Figure 6 presents a schematic 
example. For instance, congruence between the senses can be 
approached before eating a cookie (Figure 6A), where people may 
be exposed to the visual, tactile, and sonic parameters associated 
with the cookie and its package. Such parameters can create 
specific expectations about the experience of consuming the 
cookie. But then the experience of eating, which comprises 
another moment of congruence (Figure 6C), may involve the taste, 
smell, and sound derived from mastication, or perhaps the 
ambient soundscape (which could, for example, mask the 
mastication sound). Additionally, one may also think about the 
congruence between the overall multisensory inputs during 
expectations and the overall multisensory inputs during the actual 
experience of the cookie (Figure 6B). 

 

Figure 6. Examples of different moments of congruence. A) 
Are the different sensory features associated with the 
food/drink expectations congruent between themselves (before 
eating)? B) Are the sensory features and the expectations that 
they elicit congruent with the experience? C) Are the sensory 
features associated with the experience of the food/drink 
congruent between themselves? 

It is worth mentioning that congruence can also be considered as 
relevant before we approach a food or a drink (e.g., when it is 
presented, for example, via TV commercials) and/or after the 
experience of eating or drinking (e.g., whether there are some 
leftovers). Undoubtedly, thinking of each ‘congruence moment’, 
and the congruence between these moments, increases the 
complexity of the design process. However, one may be able to 
achieve remarkable experiences, which are based on the 
systematic connections between the senses. 

As mentioned before, one of the key questions when it comes to 
multisensory design is whether the aim should always be to design 
congruent experiences and therefore focus on the alignment of 
sensory inputs in terms of the different levels of analysis 
presented in Figure 5 (e.g., [34]). The answer to this question 
largely depends on the aim that the designer has, as well as the 
context in which the experience takes place. For example, using 
the ‘Chewing Jockey’ in an experimental restaurant to map the 
process of chewing a broccoli salad with the sound of a violin 
(temporally congruent although, perhaps, semantically 
incongruent) may be an enjoyable experience for the diner [cf. 41-
42]. Nevertheless, this may not have the same effect in a large and 
massive cafeteria where workers eat the meal of the day, on a 
daily basis. 

One of the suggestions that was forwarded in the 1980s by 
Mandler [43] is that neither perfect congruence, nor complete 
incongruence, are ideal in consumer contexts. Rather, a small 
degree of incongruence, whilst at the same time providing the 
consumer with the tools to solve such incongruence, may be ideal. 
However, once again, congruency should be based on the aim and 
context associated with an experience. If the aim is to create a 
humorous situation [40] for children, the Chewing Jockey may be 
used to map the sound of a super crunchy apple with the process 
of chewing a cherry. In contrary, if the aim is to enhance the 
perception of sweetness of a given food or drink (whilst having 
low levels of sugar), one may align the different multisensory cues 
during the experience of the item in terms of their correspondence 
with such taste attribute. Critically, the different levels of analysis 
presented before (in Figure 5), and the careful consideration of the 
different ‘congruence moments’ associated with a specific food or 
drink experience, can provide a map with which to navigate and 
design routes to reach a specific behavior or percept. 



5. CONCLUSIONS AND FUTURE 
APPLICATIONS 
Clearly, there are a number of design opportunities for sound-
based systems in HFI, for both the general public and specific 
groups of people, such as those who attend experimental dining 
events or food museums.  

We believe that in the years to come, as electronics become 
smaller, and technology develops, an increasing number of 
systems will be introduced. Perhaps, as a reminiscence of the 
Italian Futurists [44,45], a number of different sensors will be 
ubiquitous to the utensils that we use to eat in order to generate 
specific sounds while eating/drinking. This may result in some 
kind of ‘cutlery orchestra’, which could impact of our eating and 
drinking experiences and habits in a number of ways.  

What is more, the rapid growth of face processing software will 
allow the mapping of offline eating experiences with the virtual 
world (e.g., [46]) in which, for example, mastication movements 
and/or any other movements during eating could be mapped on to 
specific sonic parameters. This may also have implications for 
those systems that are aiming at digitizing taste and flavor 
experiences. For instance, any electric taste system may be 
combined with sounds that are mapped onto mouth movements in 
order to create more realistic taste/flavor experiences in the virtual 
world (see also [47]). 

We also believe that the technological advances that have been 
made in recent years, and that will be introduced in the upcoming 
ones, will allow the reinvention of old technologies. Think, for 
example, of a product’s packaging. Although there are a number 
of technical developments still to be made for the conservation of 
the different foods and beverages, nowadays food and drinking 
packaging design can also focus on consumer marketing and 
experience design. Indeed, research has already suggested that the 
sounds of a product’s packaging can influence the sensory and 
hedonic expectations associated with the products [48]. Food 
packaging may progressively involve more salient sonic 
technologies. 

The aforesaid systems are and will likely be used for a number of 
purposes, which could involve: experimental dining/art 
experiences, playful eating, nutritious/healthy eating, and perhaps 
food and drinking ‘sonic’ seasoning. For example, a fun 
application may involve the mapping of incongruent slurping 
sounds (e.g., the sound of an accelerating Harley Davison) with 
the act of drinking a given beverage (e.g., apple juice). Health 
applications may build on these systems to enhance specific taste 
qualities or textures in people with taste/smell and/or haptic 
dysfunctions [49-51]. Finally, as suggested by Kadomura et al. 
[23], people may just use sounds to create playful food education 
at school.  
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