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Reducing the amount of sugar consumed from daily beverages is essential for well-being. However, since a sudden reduction in intake
is mentally painful for those who prefer sweetened beverages, solutions are needed to help them gradually become accustomed to
non-sweetened drinks. In this paper, we propose Aromug, a mug-type olfactory interface that amplifies the user’s perceived sweetness
by providing a sweet scent along with the action of drinking. Through user studies, we investigated the effect of the information
presented by Aromug on the taste of iced coffee. The experiment results showed that the sugar-free coffee and chocolate aroma might
enhance the perceived sweetness compared to the no-scent case. In addition, it was suggested that there were differences in preference
for sweetness depending on age and frequency of coffee drinking.
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1

INTRODUCTION

Many beverages we are used to drinking contain a lot of sugar. The consumption of sugar-sweetened beverages has
increased dramatically, especially in developing countries [15]. As a result, the number of diabetics worldwide is
increasing significantly yearly [13]. Excessive sugar intake is known to increase blood glucose levels, increase the risk
of diabetes, and increased visceral fat, which is a cause of metabolic syndrome [11].
Several methods have been proposed to help people reduce their problematic excessive sugar intake [9, 17]. These
methods can temporarily encourage the selection of less-sugar soft drinks and reduce sugar use. However, for those
who habitually prefer sugar-sweetened soft drinks, less-sugar or unsweetened water is often unpalatable. Therefore, a
temporary intervention will not last long and will likely result in a return to the previous lifestyle of regularly drinking
sugary drinks. Finding solutions to reduce the amount of sugar used gradually is essential from a well-being perspective,
as extreme reductions in sugar intake can lead to emotional distress for the user [7].
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Following the finding that much of taste perception is influenced by scent [10], we aim to amplify the perception of
sweetness by presenting scent information in a well-timed manner in conjunction with drinking movements. In this
paper, we propose a mug-type olfactory interface, “Aromug”, which has a function of sensing the action of drinking and
presenting scent information to increase the sweetness of drinks. We also verify the effectiveness of the amplification
of the user’s perceived sweetness by the scent. A series of experiments demonstrated the superiority of the proposed
method. Based on these results, we emphasize the importance of an approach that promotes the expansion of the sense
of taste through olfactory intervention in reducing sugar intake.
2

RELATED WORKS

In recent years, various types of olfactory devices and interactions using them have been proposed. For example,
head-mounted displays [12, 20] and neck wearable devices [1, 5] that provide scenting have been developed. Wang et al.
propose an olfactory device in the form of a piercing, necklace, or on-face device worn on the face [18]. The proposed
system is designed and miniaturized for easy use in daily life. Amores et al. propose a necklace-type olfactory device
that can be remotely controlled from a smartphone and can change the intensity and frequency of scents based on
biometric and contextual information [1]. Dobbelstein et al. developed a wearable scenting device that can be used
in daily life to receive personal scent notifications [5]. Choi et al. have developed 3D printed glasses with a heating
module embedded in the edge of the frame to release scent [3]. While such olfactory interfaces that are integrated into
everyday life have been developed, mug-type olfactory interfaces that aim to amplify perceived sweetness remain new.
In this study, we focus on mugs, which are used daily for drinking, and search for an olfactory interface that is highly
acceptable and can be integrated into daily life. Furthermore, we will study the interaction to reduce the actual sugar
intake while amplifying the perceived sweetness by the proposed system.
3

AROMUG

3.1

Use Case Scenario

We introduce use case scenarios of how Aromug can be utilized in practice. Taro, a 30-year-old office worker, usually
has bread and milk coffee for breakfast before going to work (Figure 1A). Taro has a big sweet tooth, and he always
puts milk and four sugar cubes in his hot coffee or tea. In the office, he drinks three cups of sweetened milk coffee,
and after coming home from work, he drinks a beer with his meal. Before going to bed, he reads a book with a cup
of milk tea (Figure 1B). Taro’s wife was concerned about her husband’s high blood sugar level and wanted him to
reduce his sugar intake. One day, when Taro’s blood glucose level reached the borderline range during a physical








Fig. 1. The Aromug use case scenario.
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examination, his wife gave him “Aromug” as a gift (Figure 1C). Aromug is an olfactory interface in the form of a mug
that presents a sweetness-enhancing scent when a drink is consumed. Taro decides to start a reduced-sugar lifestyle
using the Aromug. He decided to use the Aromug whenever he drinks a beverage in his office. Taro wanted to know
the effect of Aromug on sweetness amplification, so he poured hot coffee into Aromug. He then used the Aromug
with a smaller amount of milk and sugar cubes than usual. As soon as he drank it, a sweet scent was sprayed from the
Aromug, and he enjoyed an unusual but sweet taste of milk coffee. At this time, Taro experienced a sense of satisfaction
similar to that of the milk coffee he usually drinks (Figure 1D). Taro thought this might not be a problem even if he used
less sugar. Taro liked the experience of drinking from the Aromug so much that he began pouring tea and milk coffee
into it as well (Figure 1E). As Taro’s use of the Aromug increased, he began to enjoy the slight sweetness. He began to
develop the habit of drinking milk coffee and tea without sugar. A few weeks after using the Aromug, Taro sipped his
regular sweetened coffee for the first time in a long time. At that time, Taro was surprised that he had been drinking
such sweet coffee regularly. He was also reminded that too much sugar is not good for the body. A few months later,
Taro began to choose less-sweetened drinks without Aromug (Figure 1F).
3.2

Design of Aromug

We designed a mug-type olfactory interface that presents a scent (Figure 2). Aromug is composed of a mechanism
for sensing the user’s beverage behavior and a display that enhances the user’s beverage experience. Aromug aims
to amplify the perceived sweetness by controlling the timing of the presentation of scent information during the act
of drinking. Aromug has a olfactory device inside the mug. Aroma Shooter 1 from Aroma Join Inc. was used as the
olfactory device for the prototype.
The mug is equipped with a display on top of the mug. The display outputs a simulated image of the beverage being
poured into the mug and serves to enhance the user’s beverage experience. The output image on the display changes in
real-time based on motion sensing. The real-time control of the image enhances the user’s beverage experience.
In addition, an IMU sensor (MetaMotionR+) 2 is mounted on the bottom of the mug. Aromug uses a sensor on
the bottom of the mug to identify the time between the user holding the mug, and the user finishing a sip of the
drink. During that time, a scent is sprayed into the mug. The relationship between the sensor data obtained from
the IMU sensor installed on the bottom and the spray timing (pink part) during three times of drinking is shown in
Figure 3. This sensor data shows the amount of posture variation (quaternion) concerning a mug placed on a desk. Both
the y-component and w-component of the quaternion change depending on the drinking motion. The y-component
1 https://aromajoin.com/products/aroma-shooter
2 https://mbientlab.com/metamotionr/

Fig. 2. Design image of Aromug.

Fig. 3. Example of IMU sensor data and injection timing.
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shows that the drinking motion is often accompanied by a rotational motion around the y-axis due to the direction of
attachment. The pink part shows a series of drinking behavior, and Aromug is injecting the smell at this timing.
Thus, we designed a mug that closely resembles the usual beverage experience with sensing of the user’s beverage
timing and simulated in-cup video. Among other things, this paper presents the results of an investigation into the
influence of scent on flavor sweetness amplification.
4

EXPERIMENT

In this study, a total of two sensory evaluation experiments were conducted using an Aromug prototype (Figure 2) to
investigate the effects of various scents on taste perception. The experiment investigated the effect of olfactory stimuli
on taste. Iced coffee was used in the experiment, and a questionnaire was administered to evaluate the taste of three
types of iced coffee with different sugar contents and various scent combinations. The purpose and methods of the study
and ethical considerations for the study participants were explained orally and in writing at the time the questionnaires
were distributed. This study was conducted with the approval of the Ethics Committee of the organization to which the
author belongs (Approval number: 2020-I-16).
4.1

Settings

In the Experiment, 33 university students and university clerks (15 males and 18 females) participated, ranging in
age from their 20s to 50s (Mean=29.394, SD=10.503). Twenty participants in the experiment were in their 20s, and 13
were over 30 years old. Sixteen of the participants drank coffee frequently, and 17 drank coffee infrequently. In the
Experiment, three types of iced coffee with different amounts of sugar (Sugar-free, Trace-sugar, and Ordinary) were
used as base drinks, and three scents (Chocolate, Coconut, and Crème brûlée) were used. To reduce the bias caused
by the order in which the participants smelled the scents, three different experimental patterns were prepared and
conducted. Participants were asked to rest for 5 minutes between each stimulus and to drink water. After each trial,
participants answered a questionnaire about the tasting. The questionnaire used in all experiments employed a 7-point
Likert scale, in which participants evaluated the perceived taste satisfaction and taste sweetness of the drink.
4.2

Results and Discussion

Figure 4 shows the results of the mean and standard deviation of the ratings for all participants. The results of the Likert
scale questionnaire are also shown in Figure 5. Each combination of coffee and scent is evaluated concerning the coffee
without scent; this was considered as the standard for each coffee. The results for taste satisfaction did not exceed the
standard when scents were added to the standard coffees, respectively. The sweetness of the taste was higher when

Fig. 4. Experimental results of taste changes due to different aromas (all participants)
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Fig. 5. Likert Scale Assessment Results (Left: Satisfaction, Right: Sweetness)

coconut, chocolate, and crème brûlée aromas were added than when no scent was added to the sugar-free coffee. The
perceived sweetness amplification was confirmed by the combination of sugar-free coffee and sweet scent. Furthermore,
the amplification of the sweetness of the scent of chocolate was the most significant. Participants commented that
“When I drank it, I could smell it and felt it was sweet. It was a strange experience”. These suggested that sweet scent
may affect the perceived amplification of sweetness. However, the results for adding a scent to trace-sugar coffee were
almost identical to its standard. Additionally, the sweetness of trace-sugar coffee was not significantly different from
that of the standard. Next, to analyze the results in more detail, we analyzed users by type of attribute.
Analysis Results by Age. In order to evaluate the taste according to age, the subjects were divided into two groups:
“20s” (20 participants) and “Over 30” (13 participants), and analyzed. Results for sweetness varied between those in
their 20s and those over 30 years of age. Both groups rated chocolate and crème brûlée as the best combination with
sugar-free coffee. However, the combination of sugar-free coffee and coconut aroma received the highest rating among
those in their 20s compared to the standard. Although there were changes in the evaluation of sweetness by scent
according to age, a common trend of amplification of sweetness was confirmed. In fact, it is generally known that the
ability to discriminate scents differs depending on the age of the individual [4, 6]. In a study by Wysocki et al. [19],
it was reported that men in their 20s and women in their 40s showed a decrease in the sense of smell. Furthermore,
differences in food preferences were observed between the elderly and the young, indicating that different ages have
different food preferences. The same results were obtained in this experiment.
Analysis Results by Frequency of Coffee Drinking. In order to evaluate taste according to the frequency of coffee
drinking, participants were divided into two groups: “Frequent coffee drinkers” (16 participants) and “Infrequent coffee
drinkers” (17 participants). The “Frequent drinkers” consisted of those who selected 5 or more on a 7-point Likert scale.
The results for the sweetness of the taste differed depending on the frequency of coffee drinking. The results for the
combination of sugar-free coffee and scent tended to be higher for frequent coffee drinkers. Furthermore, on this group,
the combination of sugar-free coffee and scent tended to be evaluated the same as ordinary coffee without added scent.
The combination of trace-sugar coffee and scent tended to be evaluated as the same as that of ordinary coffee alone.
This indicates the possibility of using scent to amplify the sweetness of coffee and to change the behavior of people to
reduce their sugar intake.
5

CONCLUSION

In this paper, we propose Aromug, a mug-type olfactory interface that amplifies the user’s perceived sweetness by
providing a sweet scent along with the action of drinking. The experiment results showed that the sugar-free coffee
and chocolate aroma might enhance the perceived sweetness compared to the no-scent case. In addition, it was found
that there were differences in preference for sweetness depending on age and frequency of coffee drinking. The results
5
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provided insights for future context-aware presentation of scent information based on user attributes. In the current
proposed system, beverage sensing is limited to a threshold-based method, but in the future, we will also consider a
motion recognition approach using machine learning methods to achieve optimal scent presentation control. Future
work will explore approaches that can extend the beverage experience based on visual and olfactory presentation, such
as controlling the image projected on the top of the mug in response to the user’s beverage motion sensing. There are
two types of scents that we perceive: “Orthonasal smell”, which is smelled from the tip of the nose, and “Retronasal
smell”, which is the scent of food in the mouth passing through the nose [2, 8, 16]. In particular, since retronasal smell
which contributes to the flavor of food and beverages, is known to be strongly related to taste, we will consider ways to
present scents that affect oral scent [14].
ACKNOWLEDGMENT
This work was supported by JST, PRESTO Grant Number JPMJPR21P7, Japan.
REFERENCES
[1] Judith Amores and Pattie Maes. 2017. Essence: Olfactory interfaces for unconscious influence of mood and cognitive performance. In Proceedings of
the 2017 CHI conference on human factors in computing systems. 28–34.
[2] Viola Bojanowski and Thomas Hummel. 2012. Retronasal perception of odors. Physiology & behavior 107, 4 (2012), 484–487.
[3] Yongsoon Choi, Rahul Parsani, Xavier Roman, Anshul Vikram Pandey, and Adrian David Cheok. 2012. Sound perfume: building positive impression
during face-to-face communication. In SIGGRAPH Asia 2012 Emerging Technologies. 1–3.
[4] René A De Wijk and William S Cain. 1994. Odor quality: discrimination versus free and cued identification. Perception & psychophysics 56, 1 (1994),
12–18.
[5] David Dobbelstein, Steffen Herrdum, and Enrico Rukzio. 2017. inScent: A wearable olfactory display as an amplification for mobile notifications. In
Proceedings of the 2017 ACM International Symposium on Wearable Computers. 130–137.
[6] W James Evans, Liying Cui, and Arnold Starr. 1995. Olfactory event-related potentials in normal human subjects: effects of age and gender.
Electroencephalography and clinical neurophysiology 95, 4 (1995), 293–301.
[7] Jeffrey S Gonzalez, Steven A Safren, Enrico Cagliero, Deborah J Wexler, Linda Delahanty, Eve Wittenberg, Mark A Blais, James B Meigs, and
Richard W Grant. 2007. Depression, self-care, and medication adherence in type 2 diabetes: relationships across the full range of symptom severity.
Diabetes care 30, 9 (2007), 2222–2227.
[8] Stefan Heilmann and Thomas Hummel. 2004. A new method for comparing orthonasal and retronasal olfaction. Behavioral neuroscience 118, 2
(2004), 412.
[9] J.C Hoenink, J.M Stuber, J Lakerveld, W Waterlander, J.WJ Beulens, and J.D Mackenbach. 2021. The effect of on-shelf sugar labeling on beverage
sales in the supermarket: a comparative interrupted time series analysis of a natural experiment. ISBNPA 18, 1 (2021), 1–11.
[10] B. Lyman. 2012. A psychology of food: More than a matter of taste. Springer Science & Business Media.
[11] V.S Malik, Y Li, A Pan, L De Koning, E Schernhammer, W.C Willett, and F.B Hu. 2019. Long-term consumption of sugar-sweetened and artificially
sweetened beverages and risk of mortality in US adults. Circulation 139, 18 (2019), 2113–2125.
[12] Takuji Narumi, Shinya Nishizaka, Takashi Kajinami, Tomohiro Tanikawa, and Michitaka Hirose. 2011. Augmented reality flavors: gustatory display
based on edible marker and cross-modal interaction. In Proceedings of the SIGCHI conference on human factors in computing systems. 93–102.
[13] World Health Organization. 2021. Diabetes. https://www.who.int/news-room/fact-sheets/detail/diabetes. Accessed: 2022-02-25.
[14] Paul Rozin. 1982. " Taste–smell confusions" and the duality of the olfactory sense. Perception & psychophysics (1982).
[15] Gitanjali M Singh, Renata Micha, Shahab Khatibzadeh, Peilin Shi, Stephen Lim, Kathryn G Andrews, Rebecca E Engell, Majid Ezzati, Dariush
Mozaffarian, Global Burden of Diseases Nutrition, and Chronic Diseases Expert Group (NutriCoDE). 2015. Global, regional, and national consumption
of sugar-sweetened beverages, fruit juices, and milk: a systematic assessment of beverage intake in 187 countries. PloS one 10, 8 (2015), e0124845.
[16] Dana M Small, Johannes C Gerber, Y Erica Mak, and Thomas Hummel. 2005. Differential neural responses evoked by orthonasal versus retronasal
odorant perception in humans. Neuron 47, 4 (2005), 593–605.
[17] K. Villinger, D.R Wahl, K. Engel, and B. Renner. 2021. Nudging sugar portions: a real-world experiment. BMC nutrition 7, 1 (2021), 1–5.
[18] Yanan Wang, Judith Amores, and Pattie Maes. 2020. On-face olfactory interfaces. In Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems. 1–9.
[19] Charles J Wysocki and Avery N Gilbert. 1989. National Geographic Smell Survey: effects of age are heterogenous. Annals of the New York Academy
of Sciences (1989).
[20] Tomoya Yamada, Satoshi Yokoyama, Tomohiro Tanikawa, Koichi Hirota, and Michitaka Hirose. 2006. Wearable olfactory display: Using odor in
outdoor environment. In IEEE Virtual Reality Conference (VR 2006). IEEE, 199–206.
6

