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Abstract 

Odours are often difficult to describe verbally, and little is known about the 

association of odours with the words that describe them. Following the literature on 

crossmodal correspondences between odours and sounds/haptics, this study aimed to 

reveal how odours are associated with the words describing textures and haptics in the 

Japanese language. Fifty participants smelled 17 food-related odours (e.g., lemon, 

pepper) and matched the odours with words related to texture (e.g., sakusaku), haptics 

(e.g., soft, dry), and emotion (e.g., positive). The experiment was conducted with and 

without the verbal description of odour names. The results demonstrated that each odour 

was mainly categorised into words related to the concepts of (1) 

juicy/cool/jiggly/positive, (2) smooth/moist/soft, or (3) hard/rough/dry, regardless of 

whether participants smelled the odours with or without the verbal description. Our 

findings reveal novel odour-sound/haptic associations and demonstrate how odours can 

be described verbally. Fina
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 3 

Practical applications 

People find it difficult to verbalise or communicate various odours. This study 

contributes to the literature on odour-sound/haptic correspondence by showing that the 

odours are associated with texture-related ideophones and haptic words. Specifically, 

the results demonstrated that each odour was mainly categorised into words related to 

the concepts of (1) juicy/cool/jiggly/positive, (2) smooth/moist/soft, or (3) 

hard/rough/dry. These findings are relevant to marketing communications involving 

odours and emphasize the potential importance of the texture-related ideophones and 

haptic words when marketers want to effectively communicate odours with consumers. 

 

 

Keywords: crossmodal correspondences, odours, ideophones, food texture, odour-sound 

correspondences 
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Introduction 

It is well-known that humans explore the world with all sense organs, yet some 

senses (e.g., vision) and words related to them dominate our languages (e.g., San Roque 

et al., 2015; Winter, Perlman, & Majid, 2018). For example, in the English language 

there are words describing different shapes (e.g., triangle, sphere), colours, and hues, 

but very few describe different smells. Although humans’ sense of olfaction is well-

developed, our linguistic descriptors that differentiate various odours are limited. A 

weak link between the olfactory perception and languages is documented in the 

literature (Majid & Burenhult, 2014; Majid, 2015a), and researchers often complain that 

‘varieties of smell have no name’ (Plato, 1925; Iatropoulos et al., 2018). Can different 

smells be expressed in words and can people reliably express their olfactory 

experiences? These questions, to the best of our knowledge, are not adequately 

addressed in the literature (Iatropoulos et al., 2018) and this paper is an attempt to 

explore these in depth.  

Olfaction: Difficult to communicate 

People often use gestures, facial expressions, and linguistic variations in speech 

to convey different feelings (e.g., sweet/bitter tastes, disgust). For example, one may 

expand arms to denote something big or bring them together to denote something small. 
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 5 

Similarly, studies reveal the use of certain linguistic features (e.g., long vowels) to 

convey specific tastes (e.g., higher sweetness) (Pathak, Calvert & Motoki, 2020). 

Despite possessing a superior ability of odour detection and discrimination, people find 

it difficult to verbalise or communicate various odours (Majid & Burenhult, 2014; 

Majid, 2021a; Olofsson & Gottfried, 2015). People often struggle to name the odours, 

even when those are familiar to them (Cain, 1979; Majid & Burenhult, 2014).    

Cultural/linguistic differences have also been reported in describing odours (e.g., 

Majid, 2021b). For example, westerners typically link odours to its source (e.g., smells 

like orange) whereas many eastern languages (e.g., Thai) have abstract concepts such as 

‘musty’, which are used to describe the odours alone (de Valk, Wnuk, Huisman, & 

Majid, 2017). Although there is evidence that abstract odour qualities can be 

communicated (e.g., in Jahai, Maniq; see Wnuk & Majid, 2014), it has been less 

understood how an abstract concept like odour can be communicated through words 

effectively. 

Although odours are often described in taste terms (e.g., ‘sweet’ for a vanilla or 

strawberry odour), they can also be described using haptic descriptors. For example, an 

odour of menthol can be labelled as ‘cool’. Haptic descriptors including soft, thick, 
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 6 

heavy are also used sometimes for describing odours (Urdapilleta, Giboreau, Manetta, 

Houix, & Richard, 2006). Moreover, humans can learn odour-haptic associations by 

pairing odours with haptic attributes (e.g., orosensory thickness; Stevenson & Mahmut, 

2011; Sundqvist, Stevenson, & Bishop, 2006; Yeomans & Boakes, 2016). It seems that 

simultaneously experiencing an odour and a texture leads to the acquisition of an odour-

texture association, which can be retrieved whenever that odour is experienced on its 

own (Stevenson & Tomiczek, 2007). Together, these findings suggest that odours can 

be communicated through words associated with textures.   

 

Crossmodal correspondences involving olfaction 

Crossmodal correspondences have been defined as the phenomena where people 

map the features of one sensory modality (e.g., vision) onto the features of other sensory 

modalities (e.g. taste). There is substantial research on the crossmodal correspondences 

of various senses. Specific to this paper, olfaction has been linked to colours (de Valk et 

al., 2017; Gilbert, Martin, & Kemp, 1996; Heatherly, Dein, Munafo, & Luckett, 2019; 

Kemp & Gilbert, 1997; Schifferstein & Howell, 2015; Schifferstein & Tanudjaja, 2004; 

Spence, 2020b), shapes (Hanson-Vaux, Crisinel, & Spence, 2013; Heatherly et al., 

2019; Seo et al., 2010), music/pitch (Belkin, Martin, Kemp, & Gilbert, 1997; Crisinel, 
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Jacquier, Deroy, & Spence, 2013; Crisinel & Spence, 2012; Velasco, Balboa, 

Marmolejo-Ramos, & Spence, 2014), and haptics (Dematte, Sanabria, Sugarman, & 

Spence, 2006; Wnuk, de Valk, Huisman, & Majid, 2017) to name a few. The 

importance of crossmodal correspondences lies in that it often enhances (or alters) the 

perception of one or both of the sensory modalities. For example, colour of a wine glass 

(red vs. white) can alter the olfactory judgement about the wine among the wine tasters 

(Morrot et al., 2001); similarly, odours can influence the perceived sweetness of 

beverages (Stevenson & Boakes, 2004). Despite the extensive literature available in this 

field, the link between olfaction and speech sounds has been inadequately explored. 

Since speech sounds have a significant role in describing and communicating meanings 

(Motoki, Park, Pathak, & Spence, 2021; Park, Motoki, Pathak, & Spence, 2020; Sidhu 

& Pexman, 2018) and have been revealed to interact with the crossmodal judgements of 

other sensory modalities (e.g., taste, shapes) (Pathak, Calvert & Motoki, 2020), this 

study aimed to investigate how odours are associated with the speech sounds.  

Relevant to the present study, a growing body of research on crossmodal 

correspondences has revealed that people reliably match (or associate) odours with 

haptics (Dematte et al., 2006; Deroy, Crisinel, & Spence, 2013; Madzharov, Block, & 

Morrin, 2015; Wnuk et al., 2017) and with sounds (Belkin et al., 1997; Crisinel et al., 
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 8 

2013; Crisinel & Spence, 2012; Deroy et al., 2013; Velasco et al., 2014). For example, 

fabrics with a lemon odour were perceived as softer than ones with an animal-like odour 

(Dematte et al., 2006). Similarly, cinnamon and vanilla odours have been shown to be 

associated with ‘warm’, whereas peppermint has been shown to be associated with 

‘cool’ (Madzharov et al., 2015). Research has also linked odours with musical 

instruments, where vanilla and raspberry odours have been linked with piano and brass, 

respectively (Crisinel & Spence, 2012). Emotions (e.g., pleasant vs. unpleasant) might 

partially explain the association of odours with haptics and sounds (e.g., Crisinel & 

Spence, 2012; Crisinel et al., 2013). For example, pleasant odours are often linked with 

the pleasant sounds of a piano, while unpleasant odours are linked with the harsh sounds 

of a brass (Crisinel & Spence, 2012). Similarly, a fabric imbued with pleasant odours is 

perceived as softer compared to one imbued with unpleasant odours (Dematte et al., 

2006). These findings suggest that the underlying common emotion may be the link 

between the association of odours with haptics or sounds.  

Ideophones and the Japanese language 

Ideophones (also known as mimetics or expressives) are marked words that 

depict sensory imagery (Akita & Dingemanse, 2019; Dingemanse, 2018). Ideophones 

Fina
l A

uth
or'

s A
cc

ep
ted

 V
ers

ion



 9 

are an important part of many languages worldwide (e.g., Korean, Tamil, Japanese). 

Ideophones are not only limited to mimic sounds (i.e., onomatopoeia) (e.g., /buzz/ 

resembles the sound made by a bee) but also cover a wide range of sensory domains 

such as textures (e.g., fuwafuwa means ‘soft and fluffy’ in Japanese) as well as 

emotional states (e.g., wakuwaku ‘excited’ in Japanese) (Akita & Dingemanse, 2019; 

Dingemanse, 2018). Ideophones can facilitate communication by providing rich 

meanings to the verbal expression and plays a significant role even in cognition, 

emotion, and behaviour (Arroyo & Arboleda, 2021; Doizaki, Watanabe, & Sakamoto, 

2017; Hanada, 2016, 2020; Imai, Kita, Nagumo, & Okada, 2008; Kagitani, Goto, 

Watanbe, & Sakamoto, 2014; Sakamoto & Watanabe, 2016, 2018). For example, 

studies revealed that ideophones effectively improve communication in various settings 

such as caregiver-child, patients-doctor, and marketing/food communications (Arroyo 

& Arboleda, 2021; Gallace, Boschin, & Spence, 2011; Klink, 2001; Ngo, Misra, & 

Spence, 2011). 

Although ideophones exist in almost all languages (e.g., /meow/in the English 

language), Japanese is unique in having an unusually large vocabulary of ideophones 

(Drake, 1989; Hamano, 1987; Hayakawa et al., 2013; Rohm, 1990; Szczesniak, 1971). 

Unlike other languages, where ideophones refers mostly to ‘imitate words’ (e.g., buzz, 
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 10 

meow) and are rarely used in everyday conversation (e.g., in French language) (Hasada, 

1994), in Japanese, ideophones are often strongly associated with sensory experiences, 

tastes, textures, and even emotions (e.g., Akita, & Tsujimura, 2016; Hamano, 1987; 

Sakamoto, 2020; Sakamoto & Watanabe, 2013, 2016, 2018, 2019). For example, in 

Japanese, the word juwajuwa denotes juicy, oozy, and fizzy and the word, zakuzaku 

denotes crunchy.  

Given the unique characteristics of the Japanese ideophones in linking speech 

with sensory associations, we chose Japanese words in this paper to explore the link of 

linguistic features with the olfactory descriptors. Fifty participants smelled food-related 

odours (e.g., lemon, banana, apple, honey, bell pepper, vanilla, pepper, butter, toast) and 

matched these odours with a range of ideophones (e.g., words related to food-texture). 

Participants were also asked to match the odours with words related to haptics (e.g., 

soft, dry, warm, cool) and emotions (e.g., positive, calming). The procedure was 

conducted with or without the verbal description of the odour source (e.g., lemon) and 

multivariate techniques were used to analyse the results.  

Material and Methods 

Participants 
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A total of 50 university students (30 females, mean age of 21.46 years, SD = 

1.08) participated in exchange for a gift voucher of 500 JPY. All participants were 

native Japanese speakers. It is difficult to calculate the adequate sample size for a study 

using multivariate analyses (Forcino, Leighton, Twerdy, & Cahill, 2015). Thus, we set 

the sample size (n = 50) based on a recent study which addressed the crossmodal 

correspondences involving odours using multivariate analyses (Heatherly et al., 2019). 

None of the participants reported smell impairments. Participants gave informed 

consent. This study was approved by the ethics committee of Miyagi University, Japan, 

and it was conducted in accordance with the Declaration of Helsinki. 

 

Stimuli 

Odours 

Seventeen odour samples (lemon, orange, pineapple, banana, apple, strawberry, 

honey, bell pepper, mushroom, vanilla, cinnamon, pepper, butter, toast, roasted almond, 

chocolate, and smoked) from the 54-odour wine aroma master kit (Nez du Vin, Paris, 

France) were used. Odours were selected to have a broad variation among the food-

related odours. The aroma kit used in this study is a learning tool for the wine odours 

and has been used in previous studies on crossmodal correspondences involving odours 

(Crisinel et al., 2013; Crisinel & Spence, 2012; Velasco et al., 2014). Odour samples 
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 12 

were used in the same concentration as provided and presented in small glass bottles 

supplied with the kit. Glass bottles were covered with a white sheet to avoid any 

influence of colour and were coded with 3-digits for proper identification (Figure 1). 

 

(Figure 1) 

 

 

Ideophones, haptic and emotion words 

Eighteen most frequently used ideophones (Table 1) related to the food-texture 

were selected from the database compiled by Hanada (2020). This database comprises 

more than 400 common ideophones used in the Japanese language (juwa- was excluded 

because the word can be confused with juwajuwa, which was more frequently 

mentioned). Eight words denoting haptics (soft, hard, smooth, rough, dry, moist, warm, 

hot) and four denoting emotions (positive, negative, arousing, calming) were also 

selected. 

 

(Table 1) 

 

Procedure 
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 13 

In the first condition (i.e., smelling without the name descriptions), participants 

were asked to choose the words that best matched the smell. In the procedure, 

participants were given an odour sample (with 3-digit code number) by the 

experimenter and were asked to open the bottle and smell its content orthonasally. 

Participants were then required to select the words (31 words: 18 ideophones, eight 

haptic, 4 emotion words) that they felt best matched the smell. Participants could smell 

the sample as often as they liked and were free to choose multiple words for any given 

odour. Between the two trials, participants were asked to sniff the smell of coffee beans 

to cancel out any lingering smell of the previous stimuli. Order of the odour samples 

and the words were randomised within participants.  

The procedure was repeated in the same way for the second condition (i.e., 

smelling with the name descriptions). The only difference was that the participants were 

given an odour sample with their actual descriptions (e.g., lemon for a lemon odour 

sample). The order was fixed; that is, all participants participated in the condition 

without the name descriptions, and next in the condition with the name descriptions. 

The order was kept fixed because if respondents were exposed to the name description 

condition first, they might implicitly be able to name the odours, even in without the 

name description condition.  

Fina
l A

uth
or'

s A
cc

ep
ted

 V
ers

ion



 14 

 

Statistical analyses 

Hierarchical cluster analysis of the results (i.e., odours (17 types) × words (31 

ideophones, haptic and emotion words) matrix) was conducted to evaluate whether 

odours could be grouped into clusters and to identify similar odour-word associations. 

The total frequency of occurrence (i.e., the number of participants with same/matching 

results) was located in each cell in the matrix. Analyses were conducted separately for 

both the conditions (i.e., with and without the name descriptions) using the Euclidean 

distance, Correspondence analysis, and the Ward’s aggregation method. 

Correspondence analysis helped in visualising the relationships between odours and 

ideophones. These analyses can treat multiple responses (obtained by CATA method) 

for each of odours. All analyses were performed using HAD software (Shimizu, 2016).  

 

Results 

 

Smelling without name descriptions 

Results of cluster analysis 

The cluster dendrogram revealed three distinct clusters: a ‘fruits’ cluster (lemon, 

orange, pineapple, apple, strawberry), a ‘sweet and processed food’ cluster (honey, 
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chocolate, butter, vanilla, cinnamon, smoked, roasted almond, banana), and a 

‘savoury/vegetable’ cluster (bell pepper, mushroom, pepper, toast). According to the 

characteristics of each cluster (Table 2), the following were evident: 1) ‘fruits’ cluster 

was associated with sounds meaning juicy, slippery, jiggly, and soft/elastic (juwajuwa, 

sharishari, purupuru, tsubutsubu, puchipuchi, tsurutsuru) and cool and positive 

emotions; 2) the ‘sweet and processed food’ cluster was associated with sounds 

meaning moist, soft and chewy (sittori, torotoro, mochimochi) and warm, smooth, 

moist, and soft emotions; 3) the ‘savoury/vegetable’ cluster was associated with sounds 

meaning crisp, crunchy, and rough (sakusaku, paripari, zakuzaku, karikari, poripori, 

mosamosa) and  hard, rough, dry, negative and arousing emotions. 

(Figure 2) 

(Table 2) 

Results of the correspondence analysis  

A bi-plot of the correspondence analysis, accounting for 59.53% of the total 

variance, revealed associations of odours with the ideophones related to haptic and 

emotion words (Figure 3). Specifically, the results revealed the following associations: 

1) fruits-related odours (e.g., orange, strawberry, lemon) with sounds meaning juicy, 
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slippery, jiggly and soft or elastic (e.g., juwajuwa, purupuru, sharishari) and positive 

emotions; 2) sweet/processed food-related odours (e.g., vanilla, smoked) with sounds 

meaning soft/warm/moist (e.g., fuwa-fuwa, mochi-mochi, toro-toro) and calming 

emotions; 3) savoury/vegetable related odours (e.g., bell pepper, mushroom) with 

sounds meaning hard/rough and dry (e.g., kari-kari, zaku-zaku, mosa-mosa) and 

negative emotions.  

 

(Figure 3) 

 

Smelling with name descriptions 

Results of cluster analysis 

The cluster dendrogram for the distance matrices of odours and 

ideophones/haptics/emotion words is presented in Figure 4. The dendrogram 

indicates three distinct clusters: a ‘fruits’ cluster (lemon, orange, pineapple, apple, 

strawberry), a ‘processed food-related odours’ cluster (honey, butter, banana), and a 

‘mixed-taste odours’ cluster (mushroom, pepper, chocolate, smoked, toast, roasted 

almond, vanilla, cinnamon). According to the characteristics of each cluster (Table 3), 

the following was observed: 1) the ‘fruits’ cluster was associated with sounds meaning 
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juicy, slippery, jiggly, and soft/elastic (juwajuwa, shakushaku, purupuru, tsubutsubu, 

puchipuchi, tsurutsuru) and cool and positive emotions; 2) the ‘processed food-related’ 

cluster was associated with soft, moist, smooth, and viscous related sounds (sittori, 

torotoro, fuwafuwa) and smooth, moist, and soft; and 3) the ‘mixed-taste’ cluster was 

associated with sounds meaning crisp, crunchy and rough (karikari, zakuzaku, paripari, 

mosamosa) and hard, rough, dry, warm, and arousing emotions. 

(Figure 4) 

(Table 3) 

 

Results of correspondence analysis 

A bi-plot of the correspondence analysis, accounting for 58.42% of the total 

variance, revealed associations of odours with ideophones, haptic and emotion words 

(Figure 5). Specifically, the results revealed the following associations: 1) fruits-related 

odours (e.g., orange, strawberry, lemon) with sounds meaning juicy/cool/jiggly (e.g., 

juwajuwa, purupuru, sharishari, shakushaku) and cool/positive emotions; 2) processed 

food-related odours (e.g., butter, honey) with sounds meaning soft/moist/ smooth/melty 
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(sittori, torotoro, fuwafuwa) and the haptic words of smooth, moist, and soft; 3) mixed-

taste odours (e.g., vanilla, pepper, smoked, chocolate) with sounds meaning crispy 

crunchy/rough (karikari, zakuzaku, paripari, mosamosa) and the words of hard, rough, 

dry, warm, and arousing emotions. 

 

(Figure 5) 

 

Discussion 

 

  Research suggests that all senses are not represented equally in speech 

communication and words related to vision often predominate, whereas words related to 

smell are rare in most languages. San Roque and colleagues (2015) reported that words 

related to vision dominate in conversation across diverse languages and cultures. Words 

related to olfaction (e.g., musty) are rare in most languages and people often find it 

difficult to describe a smell without its source (e.g., it smells like a banana/orange). 

Olfaction is difficult to articulate, and little is known about the association of words that 

describe smell. Relying on the phenomena of crossmodal correspondences and the 

unique characteristics of Japanese ideophones, this study investigated how odours may 

be associated with texture-related speech sounds and words related to emotions.  

Fina
l A

uth
or'

s A
cc

ep
ted

 V
ers

ion



 19 

The results demonstrated that each odour was mainly categorised into words 

related to the concepts of (1) juicy/cool/jiggly/positive, (2) smooth/moist/soft, or (3) 

hard/rough/dry. Regardless of the presence or absence of the verbal description, odours 

related to fruits (e.g., orange) were mainly associated with the juicy/cool/jiggly-related 

words. Additionally, odours related to sweet and processed foods (e.g., honey, 

chocolate) were mainly associated with the smooth/moist/soft-related words. 

Meanwhile, the concepts of hard/rough/dry were associated with different odours, 

depending on the presence or absence of the verbal description. Odours related to 

savoury foods (e.g., pepper, smoked) were associated with the hard/rough/dry-related 

words in the condition without a verbal description. Alternatively, in the condition with 

verbal descriptions, mixed-taste odours (e.g., pepper, chocolate) were associated with 

the hard/rough/dry-related words, suggesting that participants might rely on the 

expected textures of foods involving the odours rather than on the expected taste. Our 

findings reveal novel odour-sound/haptic associations and demonstrate how odours can 

be described verbally. 

Our findings contribute to the literature on crossmodal correspondences 

involving odours. A growing body of research has now demonstrated that people match 

(or associate) odours with other sensory modalities (Deroy et al., 2013). Previous 
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research has also linked odours with sounds (e.g., music and pitch) (Belkin et al., 1997; 

Crisinel et al., 2013; Crisinel & Spence, 2012; Velasco et al., 2014) and haptics 

(Dematte et al., 2006; Wnuk et al., 2017). However, it remains unclear as to how odours 

are associated with speech sounds (or spoken words) and how the presence or absence 

of the verbal description influences the crossmodal correspondences involving odours. 

Additionally, previous studies on the odour-haptic correspondences used limited 

odours (i.e., animal, lemon, lavender) (Dematte et al., 2006) or limited haptic attributes 

(i.e., mostly hot or cold) (Wnuk et al., 2017). It remains unclear how different odours 

may be associated with a wider range of haptics related words (e.g., soft, hard, warm, 

cool, smooth, rough). Relying on the texture-related ideophones and haptic words, our 

findings demonstrate how odours are associated with sounds and haptics with and 

without the verbal description. Specifically, each odour was mainly categorised into 

three groups of sounds and haptics. The odour-sound associations are largely similar 

between the conditions of with and without the verbal description. 

What are the psychological mechanisms underlying the acquisition of the 

crossmodal associations between odours and ideophones or haptic words? One 

possibility is that the crossmodal associations could have been learned through 

associative learning, which is one of the primary explanation of the crossmodal 
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correspondences (Motoki, Saito, Nouchi, Kawashima, & Sugiura, 2019b; Spence, 

2011). People might have experienced a regular co-exposure of an odour and food-

texture/texture-related ideophones, (e.g., lemon odours tend to be experienced with 

certain food and textures and with certain ideophones (e.g., juwajuwa). This concurrent 

experience might explain our findings.  

Similarly, emotional mediation accounts of crossmodal correspondences might 

also explain our findings; these have been recently offered as one of the explanatory 

mechanisms behind the phenomenon (Kantono et al., 2016; Motoki et al., 2020; Motoki 

& Velasco, 2021; Reinoso-Carvalho, Dakduk, Wagemans, & Spence, 2019; Spence, 

2020a, 2020b; Velasco, Woods, Deroy, & Spence, 2015; Wang, Wang, & Spence, 

2016; Wang & Spence, 2017). People tend to associate round shapes with sweetness 

and pleasant or calming feelings (or meanings) (Motoki & Velasco, 2021). Similar to 

these findings, our results show the association of fruit-related odours (e.g., orange, 

strawberry), with juicy/cool/jiggly-related words (e.g., juwajuwa, purupuru) and 

positive emotions and savoury-related odours (e.g., pepper, smoke) with 

hard/rough/dry-related words (e.g., karikari, zakuzaku, mosamosa) and negative 

emotions.  

Fina
l A

uth
or'

s A
cc

ep
ted

 V
ers

ion



 22 

Our study identified a few similarities (and differences) between the conditions 

of smelling with or without the name descriptions. The ‘fruits’ cluster (e.g., orange, 

pineapple) was common to both the conditions and within this cluster, the associations 

with words were also similar i.e., a higher occurrence of ideophones related to the 

chewing sounds of fruits (e.g., juwajuwa, shakushaku) and positive/calming emotion 

words.  

The findings in other clusters were different in both the conditions. In the 

condition of smelling without the name description, the ‘sweet’ cluster (e.g., vanilla, 

honey, chocolate, banana) and the ‘savoury’ cluster (e.g., bell pepper, mushroom, 

pepper) emerged in general. This implied that participants categorised these odours 

based on their past association of tastes with odours [e.g., softness (vs. grittiness) with 

odours related to banana (vs. almonds)]. In contrast, when smelling with name 

descriptions, the ‘soft and smooth’ cluster (honey, butter, banana) and the ‘hard and 

rough’ cluster (mushroom, pepper, chocolate, smoked, vanilla, toast etc.) emerged. This 

indicated that participants relied on chewing sounds of the source of odours (e.g., 

grittiness with almonds), rather than the associated tastes, when the name descriptions 

were available. These findings suggest that the way of matching odours with 

ideophones depends on whether the name descriptions were available.   
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    Our findings are significant and different from previous research on sounds and 

chemical senses. Past studies in this field had used fictitious brand names and 

imagined/expected odours and flavours (e.g., Motoki, Saito, Nouchi, & Sugiura, 2020; 

Pathak et al., 2021; Yorkston & Menon, 2004), whereas this study used real and known 

odours while involving real sensory pathways of olfaction (smelling the bottles). For 

example, in a seminal paper, fictitious brand name ‘frosh’ was expected to be creamier, 

richer, and smoother than ‘frish’ (Yorkston & Menon, 2004). Our findings, on the other 

hand, demonstrate that smelled (not imagined or expected) odours are significantly 

associated with certain speech sounds. Therefore, compared with the aforementioned 

studies, our findings provide novelty and significance. Another important difference, we 

feel, is the directionality of the link between sounds and odours. In other words, we 

have demonstrated the existence of a link from odours to sounds (rather than from 

sounds to odours). Past research has mostly demonstrated the link from sounds to 

chemical senses (e.g., Motoki, Saito, Park et al., 2020; Pathak et al., 2021). As an odour 

is often difficult to imagine (Barwich, 2014), our findings provide more evidence to the 

relationship between sounds and olfaction.  

There are several limitations to our study. Firstly, our participants were 

Japanese. Japanese is known to have a large number of idiophonic words compared to 
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other languages (Shibatani, 1990). It is not clear whether these findings can be 

generalised across languages. 

Secondly, we used a limited number of ideophones and odours. Given the large 

number of Japanese ideophones (Hanada, 2020; Hayakawa et al., 2013; Sakamoto & 

Watanabe, 2013), it would be extremely difficult to use all the stimuli. Future studies 

can replicate and expand our findings by using diverse ideophones (e.g., Korean 

language words) and odours. 

Thirdly, our findings do not explore the association of odours with individual 

phonemes (e.g., /i/, /o/). A growing body of evidence suggests that people tend to match 

individual phonemes with certain food-related attributes (e.g., Motoki et al., 2021; 

Motoki, Saito, Park, et al., 2020; Pathak et al., 2020, 2021; Yorkston & Menon, 2004). 

Relevant to the current study, one recent study has shown the link between odours and 

speech sounds (unpleasant odours and [x/χ], [f]) (Speed et al., 2021). Our word stimuli 

have different individual phonemes, which might have influenced our findings. 

Fourthly, the order of the conditions might have also influenced our findings. 

All participants completed the condition of ‘without the name description’ first, 

followed by the condition of ‘with the name description’. It is possible that prior 

exposure to an odour might have influenced the judgement in the second condition. 
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Further studies are required to address this issue. Similarly, in the condition without the 

name description, participants might have implicitly named the odours, which in turn 

could have influenced the findings. 

Finally, our study investigated the subjective matching between odours and 

ideophones. With these results, it remains unclear whether the sensory congruent 

associations between odours and ideophones (e.g., chocolate odour and torotoro) can 

influence the consumer/purchase behaviour. Though previous studies have 

demonstrated that the congruent sensory associations can increase the consumer 

attention and preference (compared to incongruent sensory associations) (Krishna, 

Elder, & Caldara, 2010; Motoki, Saito, Nouchi, Kawashima, & Sugiura, 2019a; Seo, 

Lohse, Luckett, & Hummel, 2014; Seo & Hummel, 2011; Spangenberg, Grohmann, & 

Sprott, 2005; Sunaga, Park, & Spence, 2016; Togawa, Park, Ishii, & Deng, 2019), our 

results do not provide any further insights. Future studies need to investigate whether 

the sensory congruent associations between odours and ideophones can affect/alter the 

consumer behaviour.  
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Table 1. Ideophones used in the study  

Ideophones Translation and/or explanation 

Sakusaku Crispy; easily crushed by biting 

Tsurutsuru Smooth surface, slippery 

Shakishaki Crispy; material is cut off easily by chewing, 

primarily used for chewing fresh vegetables and fruits 

Paripari Crispy; sound of biting crisp and thin foods 

Mochimochi Sticky, elastic, and chewy 

Fuwafuwa Soft and fluffy 

Zakuzaku Crunchy 

Karikari Crispy, crunchy 

Shakushaku Crispy; material can be cut off easily by chewing 

Puchipuchi Sounds and feelings perceived when bubble-wrap sheet is burst by biting 

Torotoro Melty, smooth, and viscous 

Poripori Crispy; sound emitted by biting foods of slightly hard 

consistency 

Juwajuwa Juicy, oozy, and fizzy 

Shittori Moist and soft 

Mosamosa Dry and crumbly, implying roughness 

Purupuru Soft, elastic, and slightly wobbly 

Tsubutsubu Beady, grainy, small, and hard 

Sharishari Crispy; sounds made while chewing crispy and juicy foods 

Note: Translations/explanations of the ideophones are adapted from Hayakawa et al., 

(2013). 
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Table 2. Characteristics of each cluster  

 

Note: Each cell indicates the standardised score for the mean value of each cluster. Red 

colour denotes a positive value, while blue colour indicates a negative value. Colour 

intensity is proportional to the magnitude of the value.  
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Table 3. Characteristics of each cluster  

 

Note: Each cell indicates standardised score for the mean value of each cluster. Red 

colour denotes positive value, while blue colour indicates negative value. Colour 

intensity is proportional to the magnitude of the value.  
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Figure legends 

 

Figure 1. Examples of odour samples used in the study 

 

Figure 2. Dendrogram of cluster analysis in the condition of smelling without the name 

descriptions. 

 

Figure 3. Results of the correspondence analysis in the condition of smelling without 

name descriptions. Red colour indicates odours and blue colour indicates ideophones, 

haptic and emotion words. 

 

Figure 4. Dendrogram of the cluster analysis in the condition of smelling with name 

descriptions.  

 

Figure 5. Results of the correspondence analysis in the condition of smelling without 

name descriptions. Red colour indicates odours and blue colour indicates ideophones, 

haptic and emotion words.  
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