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Olfaction, as one of the human senses, provides unique ways to enhance the way we interact with 

digital interfaces. While the primary mode of using digital experiences focuses mainly on visual, 

auditory, and tactile senses, olfactory technology provides several ways to improve healthcare, 

augmented reality, virtual reality, entertainment, and many more. This thesis used an olfactory display 

prototype to evaluate different scent delivery or presentation methods that were mask, neck, and table. 

The experimental setting was tested with eight participants in a laboratory setting.  

 

In the experimental setup, an airflow without odor and another containing odorized air at constant 

duration and flow rate were transferred to the participants' noses. The aim was to evaluate the intensity, 

pleasantness, and naturalness of the scent presentation methods while the participants drank a 

smoothie drink. The evaluation involved the eight rating scales: scent strongness, scent sweetness, 

drink taste likeness, overall taste strongness, presentation pleasantness, presentation naturalness, 

overall drinking pleasantness, and overall drinking naturalness. 

  

The results from this study provided valuable participants' insights into the perception of scents in the 

different aroma presentations and their impact on eating and drinking experiences. The participants 

rated the neck presentation method to provide the highest scent sweetness. Most of the participants 

liked the mask condition in terms of likeness of the taste. The table and mask methods emerged as the 

presentations with the highest pleasantness. The most natural way of eating and drinking was the neck 

method. The findings above mean that scent delivery technology researchers and developers should 

take factors such as pleasantness, naturalness, likeness, and familiarity into consideration when 

designing olfactory devices. 

Keywords: olfactory display, odor delivery methods, augmented eating, augmented reality, virtual 

reality. 

 

The originality of this thesis has been checked using the Turnitin Originality Check service. 
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1. INTRODUCTION 

1.1 Background and Motivation 

The possibility of integrating olfactory technology with Augmented Reality (AR) or Virtual 

Reality (VR) technologies to augment eating and drinking experiences has generated broad 

interest in studying whether augmented eating could help improve health and well-being. 

According to Julia et al. (2021), AR could assist in alleviating eating disorders. Another reason 

is that Hermans et al. (2016) proposed an augmented fork that could be used to prevent people 

from being overweight. The researchers introduced the concept of using an augmented fork 

to reduce the amount of food intake and the speed at which people eat. In Narumi et al. (2011), 

the researchers built a prototype that involved using scent and the visual appearance of food 

to modify the perception of the taste of food. It has been proven that multisensory technologies 

such as applications that integrate olfactory, gustatory, vision, auditory, and tactile sensation 

with AR or VR technologies could be used in augmenting the perception of the flavor of food 

and drink in support of promoting food and drink experiences as well as ensuring healthier 

food behaviors (Velasco et al., 2018). In addition, a previous study proposed a fun and 

augmented tableware that can enhance children's eating habits and meal-time behaviors by 

using sound when the children are consuming food (Kadomura et al., 2013). Although 

considerable research has been devoted to improving eating and food experiences, most 

studies focused on integrating visual, gustatory, and sound technologies with AR and VR 

applications instead of integrating smell with AR and VR technologies.   

In integrating olfactory technology with other technologies, such as AR and VR, one essential 

aspect to consider is the scent or odor delivery or presentation method. An odor delivery 

method defines how an odor is presented from an olfactory device to the user. In the study 

Narumi et al. (2011), the researchers attached an olfactory device to a head-mounted display 

to spray a scented air of cookies onto the users' noses. Aisala et al. (2020) used a spotlight 

stand placed on a table to present the odors to participants. Additionally, in the studies 

conducted by Harley et al. (2018) and Kerruish et al. (2019), the presentation of the scent to 

users' noses involved using head-mounted displays. These studies used only one scent 

delivery method to spray the odors from olfactory displays to the user's nose. None of these 

studies investigated and compared more than one odor presentation method to determine 

which delivery method is the best for the users. That means research is scarce on the effects 

of different odor delivery methods on eating and drinking experiences. Moreover, this suggests 

a need to conduct research, compare different aroma delivery methods, and find out which 

method is the best in terms of scent intensity and most convenient for users.  

As a result of the need for more research in this area of study, the primary focus of this thesis 

is investigating and comparing the different odor delivery presentations using an olfactory 

display in augmenting eating and drinking experiences. In particular, the study builds upon 

and extends the idea of the aroma presentation method used by the researchers Aisala et al. 
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(2020), by comparing three aroma delivery methods. The thesis attempts to answer the 

following research questions:   

 How do the different scent delivery methods affect the intensity, naturalness, and 

pleasantness of smell? – This research question is answered by recruiting participants 

to test an experimental prototype in the lab and gathering feedback using 

questionnaires.   

 What is the role of augmented food products in promoting health and well-being? – 

This research question is answered using a literature review of previous related 

research.  

 How do we design olfactory technology to enhance eating and drinking experiences? 

– This research question describes the design of olfactory displays and will be 

answered using previous research and results from the thesis study.   

 

The results from this thesis could help in promoting health and well-being. For example, it 

could help nudge people towards healthier eating and drinking habits. The reason is that 

previous research has shown that exposing the physical and chemical sensory attributes, such 

as sight and flavor, to healthy and palatable food may maximize people’s appetite for food and 

increase their desire to eat (Cornell et al., 1989; Edoroff et al., 1997; Nederkoorn et al., 2000 

as cited in Larsen et al., 2012). The studies carried out by Arzi et al. (2014) and Perl et al. 

(2016) prove that incorporating scent in digital interfaces could help people to sleep better or 

quit smoking.   

 

1.2 Structure of the Thesis 

The structure of this thesis is arranged as follows. Introduction: This chapter involves 

background information and motivation of this thesis based on previous related research. The 

introduction section also outlines the study questions the thesis attempts to answer. Literature 

Review: It goes into detail to analyze what has already been done in this research area using 

existing previous related studies. Research Methods: This describes how the experiment in 

this thesis was conducted. In addition, this chapter explains in detail the procedures used in 

the experimental test and how the data from the experiment were analyzed. Results: The 

chapter describes the outcome of the investigation conducted in this thesis. Discussion: The 

chapter discusses the results of the experiment carried out in this thesis. The limitations of this 

study and future work are discussed in this section. The Conclusions is the summary of the 

thesis.   
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2. LITERATURE REVIEW 

2.1 Olfaction 

Our sense of smell is called olfaction. Olfaction is a fundamental and primal chemical sense 

in animals and humans. It helps animals and humans to respond to events like potential 

danger in their natural environment. The olfactory system in animals differs from that of 

humans. For example, most animals use their sense of smell to select their mates for 

reproduction. Some other animals use their sense of smell to identify offspring and potential 

predators. Also, in most insects, the sense of smell is in the antennae instead of the nose. 

This helps them to rely on their antennae in the identification of odors (Ghinea & Ademoye, 

2011). 

On the other hand, humans use their olfactory system mainly to identify odors and assess 

their pleasantness, unpleasantness, and intensity. In humans, it links directly to the brain and 

is closely associated with the chemical sense of taste (gustation). Naturally, the olfactory 

system in humans works with the other senses, such as vision, taste, and hearing. For 

example, in eating and drinking experiences, the assessment of flavor and palatability of food 

and drink depends on multimodal inputs from olfaction, gustation, and vision. Furthermore, in 

surroundings with a potential danger or a toxic substance, identification of the dangers relies 

on combined input from our sense of smell, sense of hearing, and sense of vision. The senses 

of smell and taste are called chemical senses because animals and humans rely heavily on 

them to detect odors, danger, pleasure, food, and drink in the environment. Although the sense 

of smell and taste are closely related, taste is less sensitive than smell. The olfactory system 

in humans consists of components, such as olfaction epithelium, olfactory bulb, olfactory 

nerves, and mucus, which help them detect both pleasant and unpleasant odorized air in the 

environment (Meunier et al., 2021). See figure 1 below, “Anatomy of taste and olfaction”. 

 
 

 

 Anatomy of taste and olfaction (Meunier et al., 2021) 
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The fundamental operating principle of the human olfactory system is as follows. Odorized air 

molecules from the environment are transported to the nostril of the nose. The nostril is made 

up of mucus located at each nostril's root. The function of the mucus is to dissolve the odor 

molecules and trigger the sensory receptor cells. At the base of the frontal lobe, within the 

brain, is the olfactory bulb. Its function is to receive olfactory information from the olfactory 

receptors in the epithelium. Sensory neurons (olfactory receptors) first detect odorants (Buc, 

2005). The sensory receptors in the olfactory bulb link directly to the emotions and memory 

centers of the brain called the limbic system. The perception of odors occurs in the centers of 

the brain. The primary function of the sensory receptor cells is to transfer messages to the 

brain centers responsible for perceiving odor sensations and memory (Royet & Plailly, 2004).  

For humans to be aware of the events associated with the sensations of olfaction, the centers 

of the brain need to receive information from memories. The brain centers are responsible for 

the regulation of food and intake of water, as well as controlling emotions. Additionally, the 

sense of smell has a neural system responsible for differentiating thousands of aromas of 

substances and flavors of food (Murray, 2012). Olfaction helps humans in several ways. For 

example, the sense of smell plays an essential role in the early stage of birth. When a baby is 

born, it relies solely on its sense of smell to identify its mother until its eyes open. A study 

conducted by the researchers in Mizuno et al. (2004) confirms that during the first nine months 

after an infant's birth, it uses the milk odor during breastfeeding to recognize the mother. 

Secondly, the human olfactory system plays a vital role in discriminating odors. Humans can 

discriminate up to 10,000 environmental odorants (Wooten, 2015). Furthermore, olfaction 

helps health professionals diagnose malnutrition due to patients' inability to perceive the smell 

of foods and drinks. The perception of flavor depends on multisensory taste and smell 

experience, which, for example, helps in healthy food choices in humans.   

The sense of smell has proven to be a significant diagnostic tool in scientific research. To give 

an example, a Scottish woman, Joy Milne, has been using her super sense of smell to assist 

scientists and researchers in diagnosing Parkinson's disease as mentioned in Sinclair et al. 

(2021) and (Poewe, 2019). According to these papers, Joy's extreme sensitivity to the sense 

of smell allowed her to detect her husband's Parkinson's disease before doctors in the United 

Kingdom later diagnosed it. The University of Edinburgh researched Joy's unique ability to 

sniff odors. In this research, twelve T-shirts of people with and without Parkinson's disease 

were given to this British woman to make identification by sniffing all the T-shirts. At the end 

of the experiment, she made eleven correct assessments of the twelve T-shirts given to her. 

Although Parkinson's disease has no diagnostic chemical test and is very difficult to recognize 

and diagnose, it is well documented that Joy's unique ability to smell the presence of 

Parkinson's disease could help to impact doctors and health professionals in their diagnostic 

procedures for Parkinson's diseases.   

  

2.2 The Sense of Smell in Digital Interfaces 

In the physical world, the human sense of smell is designed to work with other senses, such 

as vision, hearing, and taste. For example, in eating and drinking experiences, food and drink's 

flavor, sweetness, or palatability cannot be assessed using only the sense of taste. The smell 

of food plays an essential role in the same way as the taste of food whenever someone is 

tasked with evaluating the flavor, sweetness, or palatability. Additionally, using the sense of 
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smell, a toxic odorized gas exposed in the environment could be immediately perceived even 

before the eyes can see where it comes from. Even though smell helps the other human 

senses in many daily situations, in commercial and consumer digital interfaces, olfaction or its 

use to support other modalities is missing. The scarcity of smell in digital interfaces may be 

because digital interfaces typically require the use of sight, hearing, and touch for operation 

rather than the use of olfactory functions. In their MetaCookie study, Narumi and others 

pointed out that olfactory technology integration with digital interfaces requires several 

components, which makes it complicated, misunderstood, and unstable (Narumi et al., 2011). 

In multimodal digital interactive systems, olfaction is perceived as less relevant than all the 

other modalities typically used in user interface design.  

Nevertheless, some studies have shown that odors have great potential to enhance digital 

interfaces and applications. For example, Ranasinghe et al. (2015) digitally emulated a flavor 

sensation using a scent-emitting device combined with thermal sensation and a piece of 

electric taste equipment. In this study, artificial flavors were delivered to the participants 

through the nose and tongue using a digital flavor synthesizer. The main objective of the 

research was to compare the effects of different smells on emulated taste perception. The 

results from this study suggested that combining multiple artificial flavor stimuli makes the 

perception of flavor more robust and more prosperous than a single artificial stimulus like taste.    

Research on multimodal interaction proves that olfaction can be integrated with digital 

applications to convey information. For instance, the researchers Warnock et al. (2013) 

studied the effects of multiple notification modalities on adult users during gaming. In this 

study, the researchers delivered messaging notifications to the participants while playing 

games using different modalities such as textual, pictographic, vision, speech, tactile and 

olfaction. Although the researchers in this study found that using olfaction to deliver 

notifications to users in games is slow compared to the other modalities stated above, using 

olfaction as a modality has been proven to play a significant role in digital interfaces in other 

research areas. As an illustration, the study by Maggioni et al. (2018), like Warnock et al. 

(2013) successfully built a chat-messaging prototype with Slack integration that uses olfaction 

and vision to deliver user notifications. The authors combined olfaction-only, vision-only, and 

olfaction with vision like (Stouff, 2002). The research was carried out to investigate how well 

the participants could pinpoint the sender of the notifications and identify the importance of 

the notifications. According to this research, the integration of smell in chat messaging and 

conversation applications, such as WhatsApp and Slack, can help users in reacting to and 

rejecting notifications based on the sender's identification and how vital are the notifications. 

This helps to avoid distracting people at the point of doing something important. However, in 

another study, olfaction was the most disruptive modality compared to four other modalities: 

vibration, light, sound, and heat. An olfaction integration in the chat messaging application 

experiment carried out by Bordnar et al. (2004) contradicts the results of the experiment 

performed by (Stouff, 2002). In this research, the authors compared three modalities, vision, 

auditory, and olfaction, to find out the effectiveness of each modality when delivering 

notifications to users in a chat conversation application. Although olfaction was found to be 

the least effective modality in this experiment, the vision and auditory modalities were the most 

disruptive. It proves there is a need to conduct further research on scent production in digital 

interfaces in general.    

According to some previous studies, olfactory cues play significant roles in visual processing 

and identification of objects. For example, Seigneuric et al. (2010) pointed out that the linkage 
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between olfaction and vision cues can influence the visual discrimination and processing of 

objects. In this experiment, the participants were asked to gaze at objects in photographs on 

screen while they smelled the scent of objects. An eye-tracking system was used to track the 

eye movement of the participants during the prototype evaluation. After the experiment, the 

participants were asked to mention, in order, the objects they recognized. The findings from 

this research suggest that olfaction cues can significantly influence the visual processing of 

objects. In addition, Risso et al. (2018) shows that olfaction is already used in some sectors, 

such as arts, entertainment, marketing, and well-being. In this research, the authors proposed 

a wearable device prototype integrated with olfactory technology to enhance users' 

understanding and immersion during museum exhibition experiences.    

Although various studies have been conducted on using olfaction in digital interfaces, including 

scent in some digital applications and technologies may not be suitable. One of the reasons 

is that the use of other senses of humans, such as vision and audition, are most of the time 

suitable to be used in human-technology interactions. The reason above has also been 

confirmed by (Herz, 2004). The researchers compared the use of odors and auditory tones in 

an experiment whereby the subjects were asked to rate the intensity of odors and auditory 

tones during sleep and while awake. The findings from this study suggest that odor alarms 

are unsuitable for use as a modality during sleep and may not work for human beings while 

they sleep. Most participants did not notice the scent during the sleeping experiment. As 

explained above, olfaction may not be a suitable replacement for auditory tone and vibration, 

such as timers, notifications, and alarm clock digital applications. 

Over the past years in Human-Computer Interaction, finding information in digital interfaces 

has always involved using the keyboard, mouse, and voice as primary inputs. However, 

academic literature has proved that it is possible to search and browse digital collections of 

photos, such as those in image galleries, using olfactory presentation techniques. In Olfoto, 

the researchers conducted a study about tagging, searching, and browsing digital collections 

of images using smell (Brewster et al., 2006). However, using olfaction as a presentation 

technique for displaying tagged digital photos to users could have been more effective and as 

fast as using text input for searching in this experiment. The main idea behind the experimental 

study was to investigate whether using olfaction for presenting search results in digital 

interfaces is feasible. The results from this experiment demonstrated that it is possible to use 

it to search digital collections of photos. 

 

2.3 Olfaction in Virtual Reality Applications  

Virtual Reality (VR) is a computer-generated environment capable of making the human 

senses believe the experiences in the virtual environment. VR creates the impression of being 

there or experiencing something physical, allowing people to interact with objects intuitively in 

virtual worlds. Furthermore, VR simulations are designed to engage, convince, and absorb 

users into virtual interactive environments. Since the arrival of VR around the 1970s, 

researchers, students, developers, and VR practitioners have been investigating various ways 

they can build experiences and technologies with VR that look and feel virtually palpable when 

interacting with them. To manipulate and interact with objects in VR, developers have heavily 

relied on head-mounted displays for multimodal outputs, but that has changed significantly in 

recent years.  
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Today, VR applications can use different kinds of displays for their outputs. The common ones 

include desktop computers, large public displays, floors, wall surfaces, TVs, and giant screens 

like the IMAX to create unforgettable experiences. Although it is now ubiquitous to have VR 

experiences on smartphones, tablets, and the web, in the beginning stages of VR creation, 

there were a lot of criticisms and troubles of acceptance by the public. For example, people 

were more concerned about the disillusionment of VR applications, privacy issues, and their 

addiction. Despite the above problems faced by VR technologies, their applications today have 

been used in several areas, such as helping people to relieve pain, design, and telepresence 

(Wired, 2020). The early stages of head-mounted displays caused several problems as well. 

For example, it was inconvenient to wear VR headsets by some users while exploring VR 

experiences. Headsets at this time created motion sickness and sometimes awkward 

situations when used by some people. However, head-mounted displays have been enhanced 

over time. Today, many high-performance VR headsets in the commercial market, such as 

the Varjo VR-3, Oculus Quest, and HTC Vive, make users feel more comfortable and prevent 

disorientation when interacting with VR experiences.   

An early application of VR was seen in the “Interactive Virtual Gorillas” project (Allison et al., 

1997). In this project, Allison and friends created an interactive, immersive virtual environment 

where students can enter the habitats of adolescent gorillas and adapt to the personas of the 

Gorillas, including the way they interact, the sounds they produce, and their social behaviors. 

The goal of this project was to make the gorilla-watching experience at zoos very enjoyable 

and accessible to students as well as people who live very far away from the zoo. Additionally, 

in the early days, VR technology was used to support people with autistic spectrum disorders. 

Cobb and others developed a virtual environment capable of nudging autistic people to 

practice their social contact and speaking skills (Cobb et al., 2002). 

Similarly, Slater et al. (1997) developed a VR system to help people practice and improve their 

public speaking skills. This project aimed to use computer-generated avatars as audience to 

aid people in gaining confidence in public speaking. The generated avatars were designed to 

interact with the users in two ways in the virtual environment. One way was about letting the 

avatars give negative comments and reactions to the user; another was to react positively to 

the users. A wide adoption of VR began in 2014 when Facebook acquired the headset maker 

Oculus. Since then, head-mounted VR displays have undergone several iterations and 

refinements.   

Today, the application areas of VR include education and training, helping people to learn and 

train to acquire new skills like learning to drive a vehicle or fly an aircraft. For example, 

researchers have helped develop VR medical systems capable of performing surgical 

operations. Gabrielli et al. (2000) investigated the effects of using virtual representations of 

places around the world to help people explore and learn more about places before they visit 

them physically. This research has been applied and further investigated by some airlines and 

travel industries to create compelling experiences by allowing people to explore and discover 

the world around them in a way that has never been possible with other technologies. One of 

the best examples is iFly, developed by the Dutch aviation company KLM. iFly allows people 

to discover rich cultural experiences around the world. It can be used to explore the mountains, 

oceans, volcanos, and the big islands of places like Hawaii in a way that makes people feel 

like they have physically visited there. The iFly project by KLM aims to make its generated 

environment and immersive experiences as convincing as possible.  
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 Generally, VR experiences are built upon and extend the concepts of 3-dimensional (3D) 

computer graphics to create an environment where users can interact and manipulate objects 

in real-time. Recently, VR technologies have become very popular and widely adopted to 

perform different functions and they can be used in different contexts. It may be due to the 

ability of VR environments to provide users with genuinely immersive user experiences and 

allow users to manipulate and interact with virtual objects in a way that the physical 

environment cannot do. The ability of some VR applications to create multimodal experiences, 

such as systems incorporating haptic interfaces, visual interfaces, taste, and smell in VR 

technology result in more believable digital experiences.   

The use of digitally generated scents for information transmission in virtual reality application 

exist, however they are often research prototypes and not found in commercial VR 

applications. Few technology companies are trying to solve this problem by coupling digital 

aroma as an interaction modality and information transmission in commercial VR applications 

and experience creation landscapes. For example, OVR is attempting to make it possible to 

combine smell, sight, and sound with VR to help its users interact with the natural world around 

them. OVR also creates VR solutions where the users are interacting with purely virtual 

content. The technology creates realism, helps users to do memorable activities, and make 

purposeful relations using their senses of smell, vision, and hearing (OVR Technology, 2021). 

Some of the several reasons why olfaction is not widely used in the VR applications landscape 

may be because smell is our oldest sense, challenging to understand, and complex to combine 

with other technologies. The OVR technology is illustrated in figure 2 below. 

 
 

 Integrating sound, sight, and smell to create VR experiences (OVR 

Technology, 2021) 

Nevertheless, the OVR technology has made it indisputable that including scent in VR 

applications can create rich and authentic storytelling experiences. In addition, it can enhance 

the realism of interactions in the virtual environment to create total immersion when 

manipulating objects in VR. To make it feasible to build olfactory technology into virtual reality, 

the OVR technology uses an olfactory virtual reality platform consisting of three architectures 

that work together seamlessly. These architectural components are:   

 Software: The software component couples the hardware components and scent ware 

together.   

 Hardware: This comprises of a head-mounted display consisting of a scented display 

that can output smell in real-time.   
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 Scent ware: This component consists of different odorants such as floral, herbal, and 

camphorous.    

Many researchers, designers, and developers have also explored the possibilities of 

integrating VR technologies with olfaction, vision, audition, gustatory, and haptic technologies. 

One of the earliest technologies that explored the integration of VR with the above sensory 

stimuli is Sensorama. In 1962, the Sensorama prototype used multiple sensors to augment 

stereo sound, aroma, wind, vibration, color, vision, motion, and 3D computer-generated 

graphics (Saeed et al., 2017). In the machine, the use of motion sensors allowed the users to 

manipulate and interact with high-resolution projected images to create immersive user 

experiences. Additionally, in 2001, the use of aroma in virtual space was attempted and 

explored by Friend Park (Tominaga et al., 2001).   

A careful comparison of the use of vision, touch, smell, sound, and speech in virtual reality 

applications demonstrates that the production and the use of scent as a modality in virtual 

reality applications need to be studied more. Olfaction in its form has less bandwidth, and it is 

tedious to regulate and be used as an interaction modality or to be integrated with virtual reality 

technologies (Kaye, as cited in Bodnar et al., 2004). This makes it the least reliable compared 

to the other senses, such as vision, tactile sense, and hearing. Additionally, the production of 

scent in virtual reality applications involves putting together several components, which makes 

the process complicated and uncomprehensive. 

Nevertheless, Ranasinghe et al. (2018), made it evident that using olfactory technology to 

produce scent in virtual reality and combining it with auditory, wind, thermal, and visual stimuli 

can increase observers’ experiences of emersion and presence. The researchers were able 

to emulate real-world conditions like heat, aroma, ambient temperatures, and wind in this 

prototype. They delivered simulated real-world conditions to the participants using a scent 

display, fan, thermal device, and head-mounted virtual reality display.       

The scent diffusion commercial product Aroma-VR has promised to help VR developers create 

multisensory VR experiences. Using Aroma-VR, researchers and VR experience creators 

could build VR applications like Le Musk (Scent of a Song). Le Musk is a short film that 

combines sound, visuals, and odors to tell stories in the movie theater using a VR headset 

(Aromajoin, 2021). Another practical example of using the Aroma-VR technology is INVISIBLE 

VR or Caico-INVISIBLE VR. It consists of non-visual, auditory, and olfactory sensory 

perceptions. It provides a virtual reality environment where users can immerse and delve into 

an abstract VR environment through an immersive soundscape that synchronizes with the 

scents of waves (Caico, 2021).   

Another reason olfaction has yet to be adopted in mainstream technologies such as virtual 

reality and television media may be due to the problems associated with synchronizing 

olfactory information with auditory and visual information. Some previous studies found that 

integrating scent with other digital technologies could be tedious. As a result, Suzuki et al. 

(2014) proposed a system that could be used to synchronize olfactory information with 

auditory and visual information in television media. The proposed system allowed users to 

watch television in their homes or theaters while they smelled the scents of the visual elements 

they saw on the television. The system allowed television producers to include smell 

information in videos using closed captions. In the future, a technology like “Smell Effects to 

Video” described above can be beneficial in solving the problems of purchased item returns 

through television advertisements. For example, many perfume users purchase perfumes 

through television advertisements and return them later since they do not like the smell of the 
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perfumes on arrival. If a buyer can perceive the smell of perfume in a television advertisement 

before committing to purchase, the return rates of shopping via television adverts could be 

very low.  

Fundamentally, users’ immersion and full engagement in VR environments have always been 

feasible using sound, vibration, and visuals. Scented VR researchers show that aroma 

incorporation in VR applications and technologies could enhance and increase users’ 

immersion in the VR environment. One exciting example of olfaction in this VR direction is the 

immersive VR motorbike ride. In this prototype, the researchers made it possible to blow 

air/wind to the users’ faces by using fans whenever they rode the motorbike in the VR 

environment. The users of this VR prototype were able to perceive the vibration of the 

motorbike ride whenever they reached cobble-sized stones used to construct pavement on 

the streets. In addition, the users could smell the scents of hibiscus and flowers in gardens 

whenever they passed them on the road (Kim, et al., 2019).     

2.4 Olfaction in Augmented Reality Applications  

Augmented Reality (AR) is a technology in which digitally generated content and other inputs 

are superimposed on the physical world around us to augment and solve problems or provide 

enhanced user experiences. Augmented reality dates to 1957 in an experimental prototype 

where output modalities such as visuals, sound, scent, and haptics were delivered to 

participants to experience multimodal interactions. A few years later, head-mounted displays 

were developed to enhance the AR experience. In 1992, Virtual Fixtures, an AR system 

designed to enhance people's productivity, was born (Saboia, 2018). In 2010, AR became 

more accessible through several forms of media, and it was used to solve complex problems 

in medicine, the food industry, education, defense, and entertainment (Erkoyuncu & Samir, 

2020). In the early days, augmented reality's input and output modalities typically consisted of 

touch, vision, and sound. 

However, recently, researchers have been investigating how smell and taste can be integrated 

into AR applications. In 2016, AR became widely adopted by the public when Pokémon Go 

emerged from nowhere. Pokémon Go demonstrated the possibilities of AR on mobile devices 

by making the Pokémon experience widely available on mobile iOS and Android ecosystems. 

It allowed its users to see virtual Pokémon as if they appeared in the physical world on parks, 

streets, and the walls of retail and commercial buildings. Before the emergence of Pokémon 

Go, AR technologies were considered challenging to work with and integrate with other 

technologies. A practical application of AR technology can be seen in medicine. For instance, 

AR has been used in experimental medicine settings to assist physicians in patients' 

examination and operation. For example, during operations, scans have been superimposed 

on patients' physical bodies to help doctors have a comprehensive idea about the operation 

and help them make decisions rapidly (Gordon et al., 2019).  

Today, AR is everywhere because developers and researchers have made it possible to have 

it via different kinds of media. For instance, AR is accessible through the web, mobile, and 

headsets. AR has been used in aviation to make it possible to effortlessly identify aircraft in 

air traffic control during bad weather and environmental conditions. In one project, rapidly 

changing information about airplanes was overlaid on the aircraft controllers' digital screens 

to display dynamic information, such as when the planes will take off or land. Additionally, in 
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civil and military aircraft, AR has assisted pilots under bad weather conditions during taking 

off and landing using head-up displays (Sharp et al., 2019).   

In automotive technology, the windscreens of most newly designed cars have built-in AR 

systems that can augment map navigation directions to appear as if they are directly on the 

road in front of a car (WayRay, 2021).   

  

Similarly, in the maintenance and repair of some high-end printers, photocopiers, and newly 

built car engines, AR technology has been used to overlay repair instructions and sketches to 

appear directly on the device to assist in quick diagnostics and to help the device operators to 

know the exact positions of the various parts of the devices (Sharp et al., 2019). The 

application of AR in this situation is handy because it helps to put paper-based instruction 

guides and manuals to bed. Another exciting application of AR can be seen in online shopping. 

A helpful example in this direction is the IKEA Place AR mobile application. This application 

allows users to make quick decisions and precisely select items from the IKEA’s online stores. 

For example, to place a piece of digital furniture on a physical living room floor, users must 

launch the IKEA Place AR application on a tablet or smartphone to appear overlaid on the 

physical floor, seen through the smart device screen. Another smartphone AR application that 

is worth mentioning is Snapchat. It enables users to use both the forward-facing and 

backward-facing cameras to apply digitally generated filters to live video and photos before 

they are taken and shared with loved ones. Snapchat's lens feature can also help users 

augment photos and videos by adding digitally generated content such as eyeglasses, 

necklaces, and other wearable objects on people's bodies before taking videos and photos.   

Although AR has a wide range of potential in the augmentation of experiences, the design of 

AR must follow some ethical and design considerations. Rogers et al. 2005 as cited in Gordon 

et al. 2019 studied the effects of the form factors of digital augmentation on users and the time 

and locations in the physical world at which computer-generated elements should be displayed 

to users. Another research and ethical consideration when designing for AR is the amount of 

digitally generated elements that should be superimposed on the users' physical environment 

without becoming overwhelmed with the generated content (Sharp et al., 2019).   

Furthermore, there are several AR applications for smartphones that can assist people in their 

everyday movement in cities. For example, when people look for addresses and information 

about places in the cities while walking, smartphone AR applications are available to help in 

the superimposition of visual appearance and information about locations of places ahead of 

them directly on their smartphone screens. This also plays an essential role in the transport, 

automotive, and heavy machinery industries. The arrival of holographic head-up AR displays 

for cars, infrastructure, and heavy-duty equipment makes it possible to augment retail 

buildings, a field of view of lands and roads ahead of drivers with animated virtual visual 

effects, notifications, and alerts, as illustrated in the figure 3 below.   
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 Wide field augmentation with information (WayRay, 2021) 

 

 

One example of an AR technology in the automotive sector is a user interface display 

developed by WayRay (WayRay, 2021). The AR user interface is designed to be used by 

passengers, drivers, self-driving cars, and conventional vehicles. It can augment the road and 

business buildings ahead of drivers and passengers with important information such as route 

mappings, animated pedestrian notifications, alerts, and stop lights. This can be illustrated in 

the figure 4 below.   

 
 

 Road augmentation with information (WayRay, 2021) 
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The WayRay AR technology is also valuable for augmenting transparent surfaces into 

holographic displays that show holographic information in the air, flat surfaces, water surfaces, 

and land fields. The technology can provide helpful information for equipment operators during 

the operation of heavy machinery. It has also been used in helping to bring AR to commercial 

buildings and retail stores by displaying helpful information such as weather forecasts, traffic 

flow, and landmarks to users as if they are printed directly on the buildings, as demonstrated 

in the figure 5 below.   

 

 

 Augmenting commercial buildings with information (WayRay, 2021) 

The arrival of Facebook’s Spark AR, ARKit and Vision Pro from Apple, and AR technologies 

from other companies make it easy for students and researchers to build AR experiences. For 

example, the introduction of Spark AR has helped AR practitioners and designers build AR 

effects for video meeting and calling applications. A great example is the Apple’s video 

conferencing reactions for Zoom and FaceTime. In Zoom meetings and FaceTime calls, 

participants can use hand gestures such showing the thumbs up and using the fingers to 

depict a heart to generate animated reactions to express feelings and thoughts. Since the 

rapid availability and adoption of AR on smartphones and tablet devices, AR has been used 

to augment food and eating experiences utilizing the users’ smart mobile devices or tablets. 

Lately, Jordi has developed an AR mobile application that can assist users in scanning foods 

in grocery stores for allergies. The AR mobile application Soosee helps people scan food and 

highlight the ingredients they want to avoid eating. To scan for food allergies in foodstuffs, 

users must launch the Soosee AR application on their smart device and use the back-facing 

camera to point to the food they want to scan. The application then scans for allergies in the 

food in different languages and pinpoints typical food intolerances such as gluten and lactose. 

It also allows users to create custom and specific ingredients for their nutrition constraints. 

The application is handy for people allergic to certain kinds of nutrition. For example, it could 

help vegetarians to constantly look for ways to avoid animal products and pregnant women 

with food restrictions.         

A careful review of existing literature on integrating olfactory technology with augmented reality 

technologies demonstrates that olfaction has potential in, for example, the augmentation of 
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food and drink experiences. Several previous studies have made it possible to combine smell 

as a sensory modality with vision and taste stimuli to augment and emulate multisensory flavor 

experiences. An interactive drinking device prototype, Vocktail, used sensory modalities such 

as smell, taste, vision, and a companion mobile application to emulate drinking experiences 

digitally (Ranasinghe et al., 2017). The companion mobile application for the Vocktail 

prototype allowed users to configure and augment the flavor sensations using a Bluetooth 

connection. The research mainly focused on the effects of digital aroma and taste on the 

multisensory sensation of digital flavor. The researchers did not delve into, for example, how 

the digital odor could affect the sensations of taste and vision. Another exciting application of 

olfactory AR can be seen in industrial remote maintenance. In a previous study by Erkoyuncu 

and Samir, an AR system comprising olfaction technology, a database, and Microsoft 

HoloLens was used to detect abnormalities in industrial maintenance remotely. The above 

makes it evident and demonstrates the potential of incorporating olfaction and AR for 

diagnosing remote maintenance issues (Erkoyuncu & Samir, 2020). 

 

2.5 The Design of Olfactory Displays 

In recent years, there have been several attempts to develop and evaluate olfactory display 

prototypes for presentation of odors in digital interfaces. In the commercial landscape of 

olfactory technologies, some technology companies have developed devices to deliver odors 

in augmented and virtual reality environments. For example, researchers Matsukura et al. 

(2013) proposed a two-dimensional LED screen called Smelling Screen that could give people 

a scent of coffee. The fundamental operating principle of the Smelling Screen prototype was 

that scented air was emitted to the users’ noses from the corners of a two-dimensional screen. 

At the same time, the users look at a visual representation of coffee on the screen. In this 

experimental study, the participants were tricked into believing that the odorized airflow of the 

coffee emanated from the image of the coffee they saw on the screen. In addition, two 

researchers designed a computational olfactory necklace prototype capable of monitoring 

users’ mood and cognitive performance while they are asleep and awake (Amores & Maes, 

2017). The necklace-style scent delivery device worked together with a mobile device, and it 

was designed to operate and be controlled remotely.    

The digital scent technology company Aromajoin has recently developed a digital scent 

product called Aroma Shooter, which diffuses aroma and works seamlessly with virtual reality 

headsets, smartphones, and Internet of Things (IoT) devices. Aromajoin has developed 

several other digital scent solutions, such as Aroma Cartridge, which contains scents in solid 

forms. According to this research, one main advantage of using a solid-state odor in an 

olfactory display is that it reduces the diffusion of the odors into the environment, unlike liquids 

and gaseous odors such as oil, mist, steam, and vapor. The Aroma Cartridge works with the 

Aroma shooter and can be integrated with virtual reality technologies to eject scents and 

create digital scented experiences. The cartridge scents are available in several forms, such 

as coffee, wisteria, lily, garden, beeswax, white rose, watermelon, blueberry, verbena, grape, 

plum, ginger, and rosemary. Aroma Signage, another digital scent solution from Aromajoin, 

attempts to enhance users’ engagement in online shopping where scent products such as 

perfumes, cosmetics, soaps, and beverages are offered. It claims to allow online shop visitors 

to sniff scent products such as perfumes, car refreshers, laundry scent boosters, and room 
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refreshers before they commit to purchasing from the store (Aromajoin, 2021).  Refer to figure 

6 below for more information about Aroma Shooter. 

 
 

 Aromas Shooter (Aromajoin, 2021) 

Furthermore, Aromajoin has developed an iOS application mainly used for early-stage 

COVID-19 diagnoses and testing. The digital scent technology company believes that during 

COVID-19, researchers demonstrated that some people who got the COVID-19 virus infection 

also lost their ability to smell. As a result, the company has built an iPad application for carrying 

out a simple test to assist in early-stage Coronavirus infection diagnoses and testing. The iOS 

application works with the company’s Aroma Shooter smart scent display. The scent 

recognition system of the iOS application works as follows. The scent display is attached to 

an iPad, presenting odors to the users’ noses at different intensities. If the user smells an odor, 

he or she is asked to pick the smelled odor from several options (Aromajoin, 2021).   

Several olfactory displays used in previous studies had problems with preventing the odors 

from diffusing in the experimental room. Suzuki et al. (2014) solved this problem by using a 

wearable olfactory display capable of emitting scent to viewers while they watch television. 

The wearable odor device was attached to the users’ clothes and worn around the neck. The 

scent device allowed the television viewers to perceive the smell of whatever they saw. 

Compared to other solutions, the main advantage of this odor display was that it was designed 

to allow only the viewer wearing the scent device to perceive the smell without spreading it to 

other people nearby or in the same room.   
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2.6 The Role of Augmented Food Products in Health and Well-

being 

In promoting health and well-being, considerable attempts have been made using olfactory 

technology and other technologies. Studies suggest that olfaction can enhance people’s 

health and well-being. For example, Essence was an olfactory system that could monitor 

users’ brain activity and heart rate variability while asleep and awake (Amores & Maes, 2017). 

The prototype was made up of a scent device and a mobile device, which was used to remotely 

control the intensity of the scent. The olfactory device was designed to release scent based 

on a manual trigger by the user or an automatic trigger, which relied on the user’s mobile 

device GPS, date, and time. In the automatic trigger mode, the user’s mobile device detected 

his or her mood, such as relaxed, focused, and stressed, and released the scent based on the 

mood. In the commercial space, a product like the Essence prototype could help users monitor 

their health without medical assistance. Although the Essence prototype is portable to wear 

as a necklace, the researchers investigated only one scent delivery method. The single 

presentation condition can be a shortcoming for users who want to attach the scent device to 

different body parts, for example, close to the nose.   

Recent findings also prove that olfaction could be used to nudge people to stop bad habits 

and assist them in learning good ones. Previously, unpleasant odors have been used to assist 

cigarette smokers to quit smoking. In Arzi et al. (2014) the researchers used the odor of 

cigarettes and very unpleasant odors to verify if those odors could help people who smoke to 

quit smoking. Their findings suggest that it is feasible to help smokers who are willing to stop 

smoking quit using the scents of smoked cigarettes, unpleasant ammonium sulfide, and rotten 

fish. Another research on olfaction helped people to minimize bad habits and adapt intentional 

behaviors like personal hygiene. In an experimental design by Pellingrino et al. (2016) the 

researchers conducted a study involving disgusting odors that encouraged people to wash 

their hands regularly to prevent diseases. During the experiment, the researchers 

contaminated the hands of the participants using an awful substance (GermGlo) and 

monitored the participants’ hand-washing performances afterward. The result from this study 

demonstrates that using unpleasant odors has a high probability of encouraging people to 

wash their hands to prevent germs. An exciting application area of this kind of olfactory 

technology when implemented, could be in medical centers. It could be very useful during the 

COVID-19 pandemic the world experienced in the past. One of the guidelines and preventive 

measures for COVID-19 is regular washing of the hands. However, most children and adults 

do not understand the importance of regular hand washing and may be unwilling always to 

wash their hands often. Therefore, how do we convince people, especially kids, to wash their 

hands regularly during COVID-19? One option could be building an olfactory technology 

described in this section to teach people, especially children, to wash their hands more 

frequently.  The participants hand washing can be seen in figure 7 below. 
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 Participants’ probability of hand washing (Pelligrino et al., 2016) 

Additionally, since the coronavirus has become a public health concern, there have always 

been signs in public places, public transport, commercial buildings, and grocery shops to notify 

people to wash their hands frequently. However, the sad aspect is that people constantly 

ignore these signs. Green et al. (2006) confirmed less than half of the 300 people working in 

restaurants washed their hands regularly in an experiment. During this study, Green and 

others observed restaurant workers to monitor how often they wash their hands when the 

workers serve food to customers. The study showed that only 27 percent of the restaurant 

workers washed their hands frequently.   

 

2.7 Smell Delivery Methods in Olfactory Displays 

Many of the existing research prototypes for olfactory technologies have used different odor 

ejection methods to deliver scented air to the nasal area of participants during experiments. 

Several olfactory research prototypes used necklace-style wearable scent displays. Inscent 

investigated how olfaction can amplify mobile notifications using a movable olfactory wearable 

device that could be worn around the neck as a pendant (Dobbeltein et al., 2017). The 

prototype allowed users to assign different scents to specific contacts on their mobile phones. 

When a phone contact with a scent assigned sends text notifications, the scent will be 

triggered simultaneously when the notification is received. Other olfactory technology studies 

used nasal masks to deliver odorized air to the participants’ noses. In most research-based 

virtual reality applications, head-mounted displays with olfactory devices attached were used 

to transport the smell to the participants’ noses. However, Nakaizumi et al. (2006) found that 

the odor delivery methods mentioned above were inconvenient to the participants and 

proposed a projection-based olfactory device that can eject scented air to the nose. Using the 

projection-based olfactory delivery method could avoid using nasal masks, necklace-style 
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scent delivery methods, and head-mounted devices attached to scent devices in virtual reality 

applications for scent ejection. In this prototype, the researchers used a hand-made projection-

based scent display to deliver odorized air to users in free space without wearing a mask or 

the delivery device around the neck.   

Although the projection-based odor delivery method was straightforward and did not require 

the users to wear any scent delivery device, this scent delivery approach could have been 

more reliable compared to the mask or the necklace-style scented air presentation methods. 

One disadvantage of this approach is that the participants must keep their noses constantly 

away from the scent delivery source. It could make it difficult for the participants to keep their 

noses away from the odor source at a specific position. Secondly, it is difficult to measure the 

intensity of the smell. Participants who move their noses from the required distance between 

the nose and the scent delivery source may not perceive the smell when presented. Other 

participants moving their heads back and forth may perceive the scent mildly.    

2.8 Augmentation of Eating Experience 

In recent years, significant interest has been focused on the effects and flavor augmentations 

to promote better health-conscious eating and drinking habits. Several concept prototypes 

have been used to find out the influence of digital food augmentation on the ways people 

select food for consumption and how augmented food products could help in nudging people 

to form better and healthier eating habits as well as to assist the people to put a stop to 

unhealthy eating behaviors. For instance, the taste and flavor augmentation research by 

Ranasinghe et al. (2019) found that it could be possible to use augmented food products to 

recommend a selection of food for the elderly, who may have restrictions on salty and sugary 

food contents. In their research, Augmented Flavors, the researchers used electric chopsticks 

and an electric soup bowl to augment taste and flavor experiences. One of the benefits of food 

content and attributes augmentation is that it can be used to boost the senses of taste and 

smell of people who have their gustatory and olfactory stimuli diminished due to aging and 

sickness (Ranasinghe et al., 2019). 

Moreover, there has been interests in researching the sourness, bitterness, and sweetness of 

flavor through augmentation of food's appearance and physical attributes. For example, in 

Virtual Ingredients for Food and Beverages Ranasinghe et al., (2016) the researchers modified 

the flavor of food by changing its visual appearance while the participants were eating and 

drinking. The authors of this prototype were able to implement this concept in physical eating 

and drinking utensils. The result from this study demonstrates that it is possible to overlay 

eating and drinking utensils with virtual color to provide immersive food consumption 

experiences.   

Research shows that the everyday foods we see in the food shops could have visual 

augmentation with important information such as ingredients, recipes, and instructions about 

how they are prepared to convey messages to people before they commit to purchasing. In 

their academic research paper, Augmenting Food with Information, Henze et al. (2015) and 

others used a laser to superimpose essential information about foods directly on the food 

items themselves to provide effective communication to buyers about the food content and 

preparation methods. In addition, the flavor of a beverage was augmented in a previous study 

called Virtual Lemonade (Ranasinghe et al., 2016). The purpose of this study was to enable 

people to share their beverages with others remotely through the Internet. In their experimental 
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design, the researchers used a lemonade sensor and an emulator to transmit and simulate 

the properties of a glass of lemonade over an internet network to participants. While the 

participants in the experiment drank plain water, they were tricked into believing that they were 

drinking and perceiving the actual attributes of lemonade in its natural states, such as color 

and acidity. Implementing the prototype described above could be very useful in the future as 

it could allow users to share the natural attributes of their drinks with others remotely wherever 

they are around the world. It will allow people to share their smoothie drinks with loved ones 

remotely when they are somewhere else or during vacation. Although the researchers in this 

study were able to trick the participants into perceiving the flavor experience of the lemonade 

remotely, the focus area of the research was finding out how the color and the acidity level of 

the lemonade could be emulated and transmitted to users through the Internet. The authors 

did not investigate how the scent of the lemonade could be perceived by users remotely. 

Therefore, this leaves a gap for future research about how the scent, color, and acidity (PH 

level) could be integrated and presented remotely over the Internet to people. In the future, 

the implementation and development of similar technology as described above could be used 

in medicine to assist doctors in diagnosing smell loss in people due to disease or aging. For 

example, since the beginning of COVID-19, most regular checkups done in person at hospitals 

are now carried out remotely via livestream software. It is advantageous to have technology 

enabling doctors to test and diagnose patients with smell loss-related problems by digitally 

transmitting different kinds of scents for patients to rate their intensities.    
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3. RESEARCH METHODS  

3.1 Odor Display 

This study used an olfactory display prototype to display scented air to participants' noses 

while they drank smoothies in plastic cups. The components of the olfactory display were an 

air compressor, plastic Teflon tube, airflow meter, manual valve, and a MacBook, which was 

the odor display’s graphical user interface. Fundamentally, the olfactory device functioned as 

follows. An airflow of 2.5 liters/minute was used and kept constant in each condition of the 

scent presentation. The duration of the odor presentation was set to 15 seconds and kept 

unchanged for all the scent delivery conditions. During the study, four odor delivery conditions 

were used, and the order of the scent presentation was based on the Latin Square Balancing, 

which consists of a structured and even number of odor presentation conditions. Square 

Balancing was used to prevent carryover effects from one condition to another. The four 

conditions used began with a top sequence N T N M. The top sequence was then rotated 

around to form the sequence in table 1 below.  

 

Sequence Meaning 

N T N M No scent delivery method 

T N M N Table delivery method 

N M N T Necklace delivery method 

M N T N Mask delivery method 

 

 Sequence of scent conditions. N = No scent delivery method, T = Table delivery method, N = 

Necklace delivery method, and M = Mask delivery method. 

 

In the "No scent" presentation condition, no odorized air was delivered to the participants. The 

participants only smelled the normal purified environmental room air. In the Table odor delivery 

condition, the tube transmitting the odorized air to the users was attached to a spotlight stand 

placed on a table. The participants were asked to position their noses about 25 - 30 

centimeters away from the end of the tube that delivered the scent. The experimental setup of 

the table delivery condition is illustrated in figure 8 below.  
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 Table Odor Delivery Condition 
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In the necklace-style odor presentation condition, the tube delivering the scent to the 

participants’ noses was placed around their necks as demonstrated in figure 9 below. 

 

 
 

 Neck Odor Delivery Condition 

 

In the mask delivery method, a mask in the form of a nasal mask was used to spray the 

scented air to the participants’ noses as seen in figure 10 below. 

 

 
 

 Mask Odor Delivery Condition 

 

The mask was attached to two Teflon tubes and the tubes were placed around the participants’ 

back near the neck. The masks were designed to cover the participants’ noses. The 

experimental setup during the test is illustrated in figure 11 below. 
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 Experimental setup of the odor display prototype 

3.2 Drink and Odor 

The drink and odor used in this experiment were the same throughout all three scent 

presentation conditions. The odorant used in the study was strawberry jam, while the drink 

used was smoothie. 

   

3.3 Preparation of the Odor 

Strawberry jam was the main ingredient for preparing the odor during the experiment. The 

materials used to prepare the odor were a small blender, a small kitchen bowl, a microwave, 

and a small jar with a cap. The strawberry jam was prepared as follows. About 2 – 3 spoonsful 

of the strawberry jam from (Saarioinen Oy) were placed in an ordinary kitchen bow. The 

strawberry jam in the bowl was then mashed using a small blender. The jam was crushed for 

about a minute, until it became juicy and smooth. The kitchen bowl with the jam was boiled in 

a microwave for about a minute to warm it. The warmed strawberry jam was then placed into 

a 50 ml glass jar so that the jam filled about one third of the jar. The jar's opened end (top) 

was covered with a cap to prevent the strawberry jam from evaporating. 
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3.4 Preparation of the Smoothie 

The main ingredients to prepare the smoothie drink were rye flour, strawberry juice, and water. 

The materials used to prepare the smoothie drink included a Wilta Gram scale, Blendtec 

blender, plastic cups, shake straws, and durable plastic glasses. About 75g of water was put 

into the Blendtec blender. About 25g of strawberry juice was poured into the blender 

containing 75g of water. Under low temperature and slow speed conditions, the mixture of the 

strawberry juice and the water was warmed in the blender for about three minutes. While the 

mixture was under heating, about 9g of rye flour was poured into the mixture using a small 

spoon. After the mixture of the above three ingredients has heated for about three minutes, it 

formed the smoothie drink. The smoothie was then poured into a beaker and covered with foil. 

The beaker was then placed in a refrigerator for about an hour. Afterward, using a small 

kitchen bow, ½ of a deciliter of the smoothie was poured into a plastic cup for each of the four 

delivery methods. Four smoothie cups were placed on a serving trail with shake straws on the 

side as demonstrated in figure 12 below.   

 

 

 

 The Smoothie preparation 

 

3.5 Participants 

A total of eight participants whose ages ranged between 26 and 59 participated in this study. 

Of the eight participants, six were male, and two were female. The male participants were 

between 35 and 59 years of age, while the female participants were 26 and 31. All the 

participants had no allergies to scent, and none had problems with the sense of smell. Before 

the test, all the participants were informed about why the study was carried out and were given 

consent forms to fill out before the experiment began. All the participants were recruited from 

Tampere University. Some of the participants were master’s students at Tampere University, 

while others were Tampere University teaching staff. The table below illustrates the 

background information of the participants who participated in the experiment. 

 

ID Age Gender Nationality Profession 

1 34 Male Finland University lecturer, researcher 

2 47 Male Finland Researcher, lecturer 

3 43 Male Russia Researcher 

4 35 Male Ghana Student 

5 26 Female Thailand Student 



   

 

   

 

25 

6 32 Male India Research assistant 

7 31 Female India Student 

8 38 Male Peru Student 

 

 Background Information of Participants 

 

The experiment was conducted during the Coronavirus time. Due to participants' availability 

and strict COVID restrictions, only students and workers from Tampere University were 

selected to participate in this experimental research. It was a difficult time to conduct in-person 

research with people. Therefore, choosing people from the university was the best option. 

Although only eight participants participated in this research, their diversity and motivation 

were crucial factors in selecting them. 

 

3.6 Experimental Procedure 

During the lab test with participants, each of them had four activities. Each experiment lasted 

for about 30 to 45 minutes. The study began with a pilot test, followed by the actual test with 

participants. Like Narumi et al. (2011) the participants were presented with odorized air during 

the test using four conditions: no odor, table, necklace, and mask, while drinking smoothies. 

When an airflow was presented to the participants without a scent, no odor labeled “Scent C” 

on the graphical user interface was selected to open the corresponding valve. This valve was 

the third one with no connection to the strawberry jam. The “no odor” was tested using the 

table delivery method. Under this condition, the participants smelled only the environmental 

air circulating the test room. In each scent delivery condition, after the participants were 

presented with the odorized air, they were asked whether they felt the perception of the smell 

or not. Whenever the participants answered yes, they were asked to rate the intensity of the 

odor in each scent presentation condition. The different rating scales that were used include: 

Scent Strongness, Scent Sweetness, Drink Taste Likeness, Overall Taste Strongness, 

Presentation Pleasantness, Presentation Naturalness, Overall Drinking Pleasantness, and 

Overall Drinking Naturalness. 

An information sheet was created to receive feedback on the different odor delivery methods 

from the participants. Each scent delivery condition had a 10-point Likert scale. Each of the 

scales ranged from 0 (representing minimum) to 10 (representing maximum).  For example, 

in the rating scale, Overall Drinking Pleasantness, rating of 0 means very unpleasant, while 

rating of 10 means very pleasant. The average for each of the eight scales above was 

calculated for the four conditions. 
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3.7 Data Analysis 

The data obtained from the participants in the lab experiment were used to perform two main 

calculations. These were the average rating values of the scales for each of the eight 

participants and the overall ratings for the mask, neck, and table delivery methods. The 

average ratings for the no odor condition were ignored when calculating the averages because 

including it did not add any value. However, the no-odor method was used to check whether 

the participants will still perceive the scent when no scent is presented during the experiment.  

The participants' ratings for each of the odor delivery methods were collected in a table form. 

A column graph was generated for each participant to give an overview of a single person's 

ratings for the four scent delivery methods. Although this method showed explicit ratings for a 

single participant, it did not reveal, for example, the average rating of sweetness of scent over 

all participants. A bar chat was also generated for the average ratings per rating scales and 

odor conditions. 
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4. RESULTS 

The findings from the experiment are explained in the following sections. 

 

4.1 Scent Strongness 

This rating scale measured how strongly each participant perceived the scent during the table, 

mask, and following delivery methods. As demonstrated for the conditions in the table 3 below, 

the participants perceived the strength of the scent to be moderate in the table condition. The 

neck condition registered a noticeable scent which was not as strong as the other two 

conditions. The mask condition was recognized by the participants as the one with noticeably 

higher scent intensity. The scent strongness is summarized in table 3 below. 

 Table Neck Mask 

Participant 1 2 4 6 

Participant 2 3 4 7 

Participant 3 9 4 9 

Participant 4 0 1 1 

Participant 5 7 7 9 

Participant 6 2 0 3 

Participant 7 7 6 0 

Participant 8 3 2 8 

Average 4,125 3,5 5,375 

 

 Scent Strongness 
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Figure 13 below illustrates the visual representation of the scent’s strongness. 

 

 
 

 Scent Strongness  
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4.2 Scent Sweetness 

This scale measured how sweet the strawberry jam was in the three presentation methods. 

As shown in table 4 below, the table condition registered a moderate sweetness of the scent. 

The scent sweetness was more elevated in the neck condition, followed by the mask condition. 

 Table Neck Mask 
Participant 1 5 5 5 
Participant 2 5 5 5 
Participant 3 6 7 8 
Participant 4 7 7 5 
Participant 5 7 6 7 
Participant 6 8 8 8 
Participant 7 3 8 5 
Participant 8 7 8 9 

Average 6 6,75 6,5 
 

 Scent Sweetness 

 

 

Figure 14 shows a visual representation of the scent’s sweetness. 
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4.3 Drink Taste Likeness 

After the experiment, the participants were asked about their experience of how the drink 

tasted using this scale. As shown in table 5 below, the likeness of the smoothie taste by the 

participants was moderate in the table condition. The participants’ ratings of the taste’s 

likeness were elevated in the neck condition as compared to the table condition. The likeness 

of the smoothie taste was recognized to be higher in the mask condition in comparison to the 

other two conditions.  

 Table Neck Mask 
Participant 1 5 5 5 
Participant 2 7 7 7 
Participant 3 6 7 8 
Participant 4 9 8 8 
Participant 5 7 7 7 
Participant 6 7 5 8 
Participant 7 4 8 9 
Participant 8 8 9 9 

Average  6,625 7 7,625 

 

 Drink Taste Likeness 

 

 

The bar chart in figure 15 illustrates the likeness of the drink’s taste. 

 

 

 

 Drink Taste Likeness 
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4.4 Overall Taste Strongness 

Some participants found some of the delivery methods to be stronger than others. This scale 

measured the most robust taste of all the methods. The table condition recorded a moderate 

overall taste strongness. Like the likeness of the drink’s taste, the overall taste strongness was 

more pronounced in the neck condition than the table. It remained relatively higher in the mask 

condition as indicated in table 6 below. 

 Table Neck Mask 
Participant 1 5 3 5 
Participant 2 6 6 6 
Participant 3 8 7 8 
Participant 4 5 6 6 
Participant 5 7 7 7 
Participant 6 8 7 7 
Participant 7 2 7 7 
Participant 8 8 9 9 

Average 6,125 6,5 6,875 
 

 Overall Taste Strongness 

 

 

The overall strongness of the taste is shown in figure 16.  
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4.5 Presentation Pleasantness 

Most participants found some methods convenient while eating and others distracting. This 

scale recorded how comfortable the presentation methods were while participants drank the 

smoothie. As seen in table 7 below, the table and mask conditions received equally pleasant 

presentation rating score. The scores also suggest that the participants perceived the neck 

condition as slightly less pleasant than the other two conditions. 

 Table Neck Mask 
Participant 1 4 5 3 

Participant 2 6 1 6 

Participant 3 8 9 8 

Participant 4 8 7 3 

Participant 5 7 6 9 

Participant 6 6 6 7 

Participant 7 4 7 10 

Participant 8 10 9 7 

Average 6,625 6,25 6,625 

 

 Presentation Pleasantness 

 

 

The bar chart in figure 17 represents the pleasantness of the presentations. 
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4.6 Presentation Naturalness 

When designing an olfactory device, it is essential to ensure it feels natural while people use 

it. This measurement scale was used to evaluate how natural it was to drink the smoothie with 

the table, neck, and mask presentations. Table 8 below indicates that the participants 

assigned the highest rating score for the neck condition. This means the neck condition was 

perceived as more natural in comparison to the other two presentations.  

 

 Table Neck Mask 
Participant 1 4 4 2 
Participant 2 9 0 3 
Participant 3 4 8 8 
Participant 4 5 7 2 
Participant 5 7 7 8 
Participant 6 6 6 8 
Participant 7 3 9 9 
Participant 8 10 9 9 

Average 6 6,25 6,125 

 

 Presentation Naturalness 

 

 

Figure 18 represents the naturalness of the scent conditions. 
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4.7 Overall Drinking Pleasantness 

In this rating scale, the participants perceived it was more pleasant to drink with the table 

condition than the other two conditions. The above indicates that the participants felt a higher 

level of comfort with the table condition while drinking the smoothie. The mask received a 

lowest score. The average results in table 9 below was predictable as some participants 

commented on the mask condition being less comfortable while drinking the smoothie. A 

further study could be done to find out other factors that influenced the lower rating of the 

mask presentation. 

 Table Neck Mask 
Participant 1 5 5 2 
Participant 2 8 2 7 
Participant 3 7 7 7 
Participant 4 8 9 3 
Participant 5 6 6 5 
Participant 6 7 6 7 
Participant 7 3 9 3 
Participant 8 10 9 9 

Average 6,75 6,625 5,375 

 

 Overall Drinking Pleasantness 

 

 

The overall pleasantness of the drinking experience is shown in figure 19. 
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4.8 Overall Drinking Naturalness 

The three presentation methods were evaluated for the overall smoothie drinking naturalness 

with this measurement scale and shown in table 10 below. Like the overall drinking 

pleasantness, the table condition registered the highest rating score, meaning the participants 

felt it was more natural drinking experience. The lower rating score of the mask condition might 

have influenced by the participants’ feedback about the overall drinking pleasantness.  

 Table Neck Mask 
Participant 1 8 2 3 
Participant 2 8 5 4 
Participant 3 6 8 7 
Participant 4 8 7 3 
Participant 5 6 6 5 
Participant 6 6 8 6 
Participant 7 3 9 3 
Participant 8 9 6 4 

Average 6,75 6,375 4,375 

 

 Overall Drinking Naturalness 

 

 

The bar chart in figure 20 represents the overall naturalness of the drinking experience. 
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5. DISCUSSION 

In the experiment, obtaining accurate results from the participants was difficult. For example, 

some participants rated some of the scent conditions with a high scale, while few others rated 

the same odor conditions with deficient ratings. The figures of the average ratings of the 

various rating scales for the three different odor conditions, Table, Neck, and Mask, revealed 

significant variations in the perception of the strongness of the odor and taste. Like the taste’s 

likeness and the overall strongness, the Mask condition had the strongest scent intensity than 

the Neck and Table conditions. This result may be because the mask was closer to the 

participants' noses than the other conditions. For the Table condition, some participants could 

not maintain their noses at the required distance between the nose and the tip of the delivery 

tube that transports the odorized air. Additionally, it was not easy to maintain an accurate 

angle between the tip of the delivery tube and the nose when the tube was placed around the 

neck of the participants.  

The participants gave the Neck condition the highest ratings in terms of the sweetness of the 

scent compared to the Mask and Table conditions. The sweeter odor experience for the Neck 

presentation may result from many participants finding this condition to have the most natural 

presentation. The participants did not complain about the neck condition being unnatural while 

drinking the smoothie. Suzuki et al. (2014) also found the necklace-style to be advantageous 

in their research, as it minimized the spread of the scent into the room during the experiment. 

A notable number of participants preferred the Mask condition and rated it the highest in terms 

of the likeness of the taste. The results suggested that the closeness of the Mask to the 

participants' noses during the experiment positively influenced the participants' likeness to the 

drink's taste. Additionally, the higher ratings of the Mask in terms of the taste's likeness may 

be due to participants finding it to have the strongest scent and the overall strongest taste.  

As the average ratings per rating scale showed, there were significant variations across the 

odor conditions for the overall perception of taste's strength. The participants reported that the 

highest rating was in the Mask condition (6.875), followed closely by Table (6.125) and Neck 

(6.5). This result suggests that the high and strong ratings favoring the Mask were influenced 

by the robustness of the odor and the participants' likeness to the smoothie's taste in the Mask 

presentation.  

Regarding the pleasantness of the odor in the delivery conditions, the results showed that the 

participants found the drink's presentation to be quite pleasant across Mask and Table odor 

conditions. The participants rated the Mask and Table conditions as the highest (6.625). This 

result suggests that the participants generally perceived the Mask condition (5.375) and Table 

(4.125) condition to have the strongest scent compared to the Neck (3.5). 

Regarding the most natural presentation condition, while the participants were drinking the 

smoothie, a notable number found the Neck condition to be the most natural way of drinking 

and it was also the preferred presentation method in (Amores & Maes, 2017). The participants' 

ratings for this scale may have been affected by several reasons. One of these reasons is 

that, during the experiment, some participants found it unnatural to keep their noses at 30m 

away from the tip of the Teflon delivery tube carrying the odorized air in the Table condition. It 

was also difficult to measure whether the noses of the participants were too close or too far 
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away from the tube's tip that delivers the scented air while drinking the smoothie. Another 

justification worth mentioning is that at least one participant commented on the nasal mask 

being annoying and requiring continuous adjustment while drinking the smoothie. The 

inconvenient nature of the table and mask conditions were confirmed by Nakaizumi et al. 

(2006), which proposed a projection-base scent ejection presentation instead of using a nasal 

mask. That suggests natural eating and drinking experiences must be free from distractions 

when using olfactory technology.   

For the overall pleasantness of the smoothie drinking experience, the participants perceived 

the Table condition as the most comfortable experience. One possible reason for the high 

ratings in the Table presentation is that it was perceived as a familiar setting, and it is how 

humans eat and drink in their natural environment. Additionally, the participants might have 

found the smoothie drink in the table delivery condition satisfying and enjoyable because it 

emulated a typical dining or drinking scenario. The Mask presentation received the lowest 

average ratings for the overall pleasantness of the drink. A feasible explanation might be that 

consuming food or drinking with a nasal mask is not socially accepted. Generally, no one does 

that except for a purpose. Also, eating or drinking with a device around the neck is not a 

familiar experience. Consuming food products with a mask or a tube around the neck might 

create discomfort for some people. The overall naturalness of the drinking experience also 

influenced the overall pleasantness significantly. The Table condition emerged as the highest 

in both rating scales, followed by the Neck condition. 

The higher ratings for the table condition's naturalness may result from its familiarity, as the 

odor presentation setting is perceived as a general practice and socially acceptable by all. In 

the Mask condition, having a nasal mask over the nose could create inconvenience, negatively 

influencing the overall naturalness of this rating scale. Furthermore, during the lab test, the 

participants felt more in control of the smoothie drinking with the Table condition than 

conditions like the Mask or Neck. Similarly, external factors such as how the nasal mask fitted 

on the nose of the participants might have affected their perceptions of the overall drinking 

naturalness. Another feasible reason the Table condition was more natural than the other two 

conditions may be because the participants might have personal expectations for ways in 

which they want to enjoy the smoothie drink. The odor delivery setting of the Table might have 

aligned with these expectations, therefore contributing to significantly higher ratings of the 

drinking experience's naturalness.  

In designing future VR and AR applications for enhancing eating experiences like Ranasinghe 

et al. (2019), a piece of knowledge from the results of this study could be applied. For example, 

the insights from the drink's taste likeness and the overall taste's strongness could be used in 

designing VR simulation applications for cooking. The table presentation condition could be 

excellent for the VR application area above since it received the highest participants' rating for 

the pleasantness of the overall drinking experience. In addition, the participants felt a higher 

level of comfort when drinking the smoothie in the table condition. In designing virtual cooking 

applications, the participants' feedback for the abovementioned table condition could be 

crucial for providing optimal and satisfied user experiences when considered. 

Moreover, leveraging the results of this study, the insights from the scent's strongness and 

sweetness could be applied in designing olfactory-enhanced educational AR experiences like 

(Gordon et al., 2019). For example, the positive feedback from the neck condition as being 

more natural makes it suitable for developing an AR technology for delivering educational 

cooking tutorials. As the participants of this study experienced the neck condition, users could 
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easily perceive the scents associated with the different cooking ingredients more naturally, 

resulting in an immersive learning experience. 

The results of this study revealed that in designing a more refined olfactory display for eating 

settings in the future, factors such as naturalness, user comfort, and overall user experience 

should be considered. The scent conditions table, neck, and mask presented in this study 

have their advantages and disadvantages based on the insights from the participants' 

evaluation. Considering the study's results, the neck presentation method appears more 

promising for building a more refined olfactory device for eating settings in Human-Computer 

Interaction. It received positive feedback from the participants regarding the naturalness of the 

presentations and scent sweetness. However, future interaction designers and researchers 

should consider an iterative design approach to improve the neck presentation condition's 

weaknesses and disadvantages outlined by the participants in the experiment. Particularly, it 

received the lowest scent strongness ratings compared to the table and mask methods. 
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6. CONCLUSIONS 

This thesis experimented with the design of an olfactory device. It examined and compared 

different odor presentation techniques such as mask, neck, and table and their impact on 

eating and drinking experiences. The results from the lab experiment revealed significant 

insights into the different odor delivery conditions and how their design can impact users. The 

experiment involved the three main conditions above and an additional no-odor condition, 

which was not added to the results. The participants' ratings focused on eight different scales 

for the three conditions. The data collected during the lab experiment gave several key insights 

and trends about the participants' experiences and the odor presentation conditions.  

One of the aims was to investigate the perceived strength of the scent in the different odor 

delivery conditions. From the data collected during the experiment, the participants rated the 

mask presentation as having the most vigorous odor intensity. Some participants encountered 

challenges with the table condition as they were supposed to maintain a certain distance 

between their noses and the tip of the delivery tube that sprayed the odor. On the other hand, 

the table presentation emerged as the condition with the most pleasant and natural setting for 

eating and drinking. Notably, the neck delivery condition offered the sweetest drinking 

experience and was perceived as the most natural way to transport the odor to the 

participants. 

The results of this study provide insights into the research questions posed at the beginning 

of this work. The results indicate that the choice of scent delivery conditions has a pronounced 

effect on how users perceive the intensity of the scent. As highlighted in previous literature, 

designing an effective scent delivery device requires considering a factor like the intensity of 

the scent (Ghinea & Ademoye, 2011). 

Regarding enhancing food and drink consumption, this study's findings, like the taste likeness, 

hint at how the design of an olfactory device can influence the perceived likeness of food and 

beverages in promoting health and well-being. The scent delivery condition with the highest 

ratings for the taste likeness could be used in future research to encourage people to select 

healthier food and drink for consumption, as also suggested by Julia et al. (2021), Meunier et 

al. (2021) and (Kadomura et a., 2013). On the contrary, the scent delivery condition with the 

lowest rating for the drink taste likeness, naturalness, and pleasantness from this study could 

be further investigated, for example, in nudging people to change their behavior. A similar 

approach, like using an unpleasant odor to discourage people from smoking, was highlighted 

in Arzi et al. (2014) and (Pellingrino et al., 2016). 

The findings of this thesis also hint at the importance of designing an olfactory technology that 

feels natural and pleasant and aligns with users' expectations during use. As suggested by 

Valesco et al. (2018) several scent delivery methods with different form factors should be 

compared for effectiveness when designing olfactory technologies. Another factor to consider 

when designing an olfactory device to promote eating and drinking is the understanding of 

how olfaction can seamlessly integrate with other senses, as suggested by Buc (2005), 

Seigneuric et al. (2010), and (Risso et al., 2018) 
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