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Introduction: “Sonic seasoning” is when music influences the real taste

experiences of consumers. “Self-construal” is how individuals perceive,

understand, and interpret themselves. Numerous studies have shown that

independent and interdependent self-construal priming can a�ect a person’s

cognition and behavior; however, their moderating e�ect on the sonic seasoning

e�ect remains unclear.

Methods: This experiment was a 2 (self-construal priming: independent self-

construal or interdependent self-construal)× 2 (chocolate: milk chocolate or dark

chocolate)× 2 (emotional music: positive emotional music or negative emotional

music) mixed design, and explored the moderating role of self-construal priming

and the e�ect of emotional music on taste by comparing participants’ evaluations

of chocolates while listening to positive or negative music after di�erent levels of

self-construal priming.

Results: After initiating independent self-construal, participants increased their

ratings of milk chocolate sweetness when listening to music that elicited positive

emotions, t(32) = 3.11, p = 0.004, Cohen’s d = 0.54, 95% CI = [0.33, 1.61]. In

contrast, interdependent self-construal priming led participants to perceive dark

chocolate as sweeter when they heard positive music, t(29) = 3.63, p = 0.001,

Cohen’s d = 0.66, 95%CI = [0.44, 1.56].

Discussion: This study provides evidence for improving people’s individual eating

experience and enjoyment of food.

KEYWORDS

self-construal priming, emotional music, sensory marketing, sonic seasoning, tasting

experience

Introduction

Researchers have been increasingly interested in sonic seasoning in recent decades

(Knöferle and Spence, 2012; Spence, 2017; Spence et al., 2019; Spence and Di Stefano,

2022). This term refers to the deliberate matching of music with flavor to enhance the

multisensory tasting experience (Sedacca, 2016). For instance, music has been composed

for specific flavors such as “sweet,” “bitter,” or “salty” based on the flavors of the food

(Crisinel and Spence, 2010). Wang et al. (2017) indicated that spiciness was associated with

auditory attributes of high pitch, fast tempo, and high levels of distortion. Wang et al. (2021)

further explored the acoustical/musical attributes that best match saltiness and found that

auditory attributes based on emotional associations (negative valence, minormode, and high

arousal), long decay durations, regular rhythm, and a high degree of auditory roughness were

associated most strongly with saltiness. These findings on sonic seasoning have been used

in marketing-led activations (Spence et al., 2021) and further understanding of how music

influences consumers’ perceptions of food. Crisinel et al. (2012) demonstrated for the first
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time that individuals evaluate food differently based on the music

they hear while tasting it. Participants were asked to rate the taste of

several bittersweet toffees while listening to sweet or bitter music.

It was found that when they listened to the sweet soundtrack, the

sweetness of the toffee was evaluated higher than when listening

to the bitter soundtrack. Wang et al. (2020) added that chocolate

ratings could be affected only when participants listened to sweet

or bitter music before or during a chocolate tasting.

Other previous literature also affirms that when music is

playing in the background while people eat, the emotions that

individuals experience from or associated with the music are

transferred to the tasting experience itself, where these emotions

are considered to act as an important mediator during sonic

seasoning demonstrations (Kantono et al., 2016, 2019; Reinoso-

Carvalho et al., 2019, 2020). For instance, North (2012) showed

that emotional connotations associated with background music

influenced consumers’ taste perception of wine. In addition,

Kantono et al. (2016) showed that music evoked positive

emotions (satisfaction, happiness, and amusement) that influenced

the perceived sweetness of gelati, while music evoked negative

emotions (contempt, disappointment, and disgust) that influenced

the perceived bitterness of gelati. Reinoso-Carvalho et al. (2019)

discovered that compared to music associated with positive

emotion when participants listened to music associated with

negative emotion, they rated the same beer as more bitter, with

higher alcohol content, and were willing to pay more for the beer.

The music that evokes positive emotions is often performed with

high intensity, a brighter timbre, staccato articulation, and a rapid

tempo. Conversely, music that evokes negative emotions is often

performed with low intensity, a duller timbre, legato articulation,

and a slow tempo (Quinto and Thompson, 2013).

Research showed that auditory information like music could

impact the subjective evaluation of the taste of food (Spence

and Di Stefano, 2022). For example, Reinoso-Carvalho et al.

(2020) discovered that emotional music (i.e., music that evokes

positive or negative emotions), as opposed to crossmodal music

(i.e., soft or hard music; the former means imaging the music

is consistent with the smooth food texture, the latter refers to

imaging the music is consistent with the rough food texture), had

a more prominent effect on food flavor and purchase intention.

Specifically, participants rated the chocolate as sweeter, and the

purchase intention was higher when music judged to elicit positive

valence was played compared to music that was judged to elicit

negative valence. However, the same chocolate was judged to be

more bitter when exposed to music that conveyed negative rather

than positive emotions. The researchers proposed that the sweeter

(bitter) taste of chocolate induced by positive (negative) music

could be explained by a theory similar to the “attention-shifting or

redirection effect” (Johnson and Proctor, 2004). That is music that

transmits positive or negative emotions can allow participants to

transfer their feelings to the flavor perception of chocolate, which

in turn affects their purchase intention. An analogous conclusion

was proposed in the study by Ziv (2018) that participants generally

considered cookies to taste better when listening to pleasant music.

As described above, people’s perception of food is affected

by contextual factors. Moreover, a large number of studies have

suggested that individuals from different cultural backgrounds

are influenced by context to different degrees (Wan et al., 2014;

Jeong and Lee, 2021), which may be attributed to differences

in cognitive style (Henrich, 2014). As one of the important

cultural characteristics, self-construal is often used to explain

cultural differences in human behavior, cognition, and emotion.

It is primarily about how individuals perceive, understand, and

interpret themselves. Markus and Kitayama (1991) suggested

that independent self-construal is more predominant in Western

culture, which conceptualizes the self as an autonomous and

bonded entity, emphasizing self-independence and uniqueness. By

contrast, interdependent self-construal is more predominant in

East Asian culture, which conceptualizes the self as interconnecting

and overlapping with others, emphasizing the importance of

living in harmony with other groups and individuals. In

general, interdependent self-construal facilitates the spontaneous

association of a focal object with context compared to independent

self-construal (Goh et al., 2007). Moreover, interdependent self-

construal consumers believe that a higher price means a higher

quality than independent self-construal consumers because the

former are more susceptible to perceiving the association between

product elements (Lalwani and Shavitt, 2013).

While self-construal can be judged by scales (Singelis, 1994)

or inferred based on an individual’s ethnicity (Van Baaren et al.,

2003), researchers prefer to manipulate self-construal through

priming methods when studying it in a laboratory (Kühnen and

Oyserman, 2002; Reinoso-Carvalho et al., 2020). In particular,

participants were asked to search first-person pronouns such as “I”

or “mine” in a story to represent independent self-construal, while

“we” or “our” imply interdependent self-construal. Considering the

container that holds the food as a background, Huang et al. (2021)

suggested that self-construal priming could modulate the influence

of receptacles on food perception. Compared to independent self-

construal priming, interdependent self-construal priming elicited a

greater influence of the size of the plate on participants’ willingness

to pay (WTP) for noodles and the pleasantness ratings of the

noodles served on the red plate. Therefore, considering emotional

music as a contextual factor, it is reasonable to expect that self-

construal priming could moderate the effect of emotional music on

food perception.

This study investigates whether self-construal can modulate

the effects of emotional music on food perception. Owing to

how interdependent self-construal can improve the connection

between the target and the contextual background (Masuda and

Nisbett, 2001; Goh et al., 2007) and influence object processing

that is dependent on context (Kühnen and Oyserman, 2002), we

hypothesized that the participants’ perception of food flavor would

not be influenced by the background music under independent

self-construal priming. Conversely, different emotional music

would affect participants’ evaluation of food after initiating the

interdependent self-construal.

Methods

Participants

To estimate the sample size, we used the Easypower

package (McGarvey, 2015) in R.4.2.0 (R Core Team, 2022) to

conduct an a priori power analysis. According to the mixed

design of 2 (self-construal priming: independent self-construal or

interdependent self-construal) × 2 (chocolate: milk chocolate or
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dark chocolate)× 2 (emotional music: positive emotional music or

negative emotional music). The sample size should not be<48 with

an effect size of the quadruple interaction of 0.25, a statistical power

of 0.95, and an alpha of 0.05. Considering the balance between

different experimental conditions, a total of 141 college students

from Soochow University took part in the experiment. However,

we had to exclude the data of 13 participants from analyses because

their answers to all the questions were the same. Therefore, 128

valid data were received (Mage = 20.12 years, SDage = 0.16 years,

ranging from 18 to 26 years; 35 males). All participants were

right-handed and had normal or corrected eyesight, without color

blindness or color weakness. All participants were paid 10 Chinese

yuan after completing the experiment.

Apparatus and materials

The experiment used a 27-inch monitor with a resolution

of 2,560 × 1,440 pixels and a refresh rate of 60Hz. The online

questionnaire was based on the Qualtrics platform (https://www.

qualtrics.com), including basic information (e.g., sex, age, and

degree of hunger) and the priming of self-construal, which refers

to the study by Sui and Han (2007). We measured the degree of

hunger based on previous literature that focused on food and/or

beverages (Biswas et al., 2021; Moss andMcSweeney, 2021) because

hunger could potentially influence taste perceptions (Hanci and

Altun, 2016). Participants were asked to carefully read a travel story

that was presented randomly and then click on all the personal

pronouns in the story (Grossmann and Jowhari, 2018).

In line with Reinoso-Carvalho et al. (2020), our study usedmilk

chocolate (Callebaut N. 823, containing milk and at least 33.6%

cocoa solids) and dark chocolate (Callebaut N. 811, containing

no milk and at least 54.5% cocoa solids), as well as positive

and negative emotional music from https://tinyurl.com/music-

emotions-xcultural. Specifically, the negative emotional music

sample could evoke more negative valence, and the positive

emotional music sample could evoke more positive valence. The

chocolate rating task consisted of the following four questions (7-

point Likert scale): “What do you think of the sweetness of the

chocolate?” “What do you think of the bitterness of the chocolate?”

“How much do you like the chocolate in the experiment?” and

“How likely are you to purchase the chocolate?” In addition, they

were required to answer how much they would be willing to pay

for a bar of chocolate in RMB (Renminbi, Chinese Yuan). The

Chinese revision of the Positive and Negative Affect Scale (PANAS;

Watson et al., 1988) developed by Qiu et al. (2008) was applied

to determine participants’ emotions. Specifically, participants had

to rate on a 5-point scale positive (e.g., gratitude, energetic, active,

cheerful, excited, enthusiastic, proud, happy, and joyful) or negative

emotional words (e.g., scared, afraid, guilty, ashamed, nervous,

irritable, angry, jittery, and sad) that appeared randomly. Scores

from 1 to 5 represent very slightly or not at all, a little, moderately,

quite a bit, and extremely, respectively.

An online pretest was conducted to ensure that the emotional

music samples were effective (the negative emotional music sample

evoked more negative valence, and the positive emotional music

sample evoked more positive valence). A total of 34 participants

(eight men and 26 women) between the ages of 19 and 25 years

(M = 21.26 years, SD = 1.58) were recruited. Participants were

required to listen to the emotional music sample and complete

the Chinese PANAS mentioned earlier. The number of participants

who listened to the positive music emotional sample is equal

to the number of participants who listened to the negative

emotional music sample. The results showed that participants rated

significantly higher on the Positive (M = 2.30, SD = 0.87) than

Negative Affect Scale (M = 1.29, SD = 0.35) after listening to the

positive emotional music sample, t(16) = 4.34, p = 0.001, Cohen’s

d = 1.05, 95% CI = [0.51, 1.50]. As expected, participants rated

significantly higher on the Negative (M = 2.66, SD = 0.47) than

Positive Affect Scale (M = 1.63, SD = 0.47) after listening to the

negative emotional music sample, t(16) = 6.52, p < 0.001, Cohen’s

d = 1.58, 95% CI = [0.69, 1.36]. These results indicated that the

positive emotional music sample we used in this experiment could

evoke more positive valence while the negative emotional music

sample could evoke significantly more negative valence.

Design

This experiment was a 2 (self-construal priming: independent

self-construal or interdependent self-construal) × 2 (chocolate:

milk chocolate or dark chocolate) × 2 (emotional music: positive

emotional music or negative emotional music) mixed design. Self-

construal priming and chocolate were between-subject variables,

and emotional music was a within-subject variable. The type of

chocolate was randomly matched with the two pieces of music. The

dependent variables were the rating of the sweetness, bitterness,

liking, WTP, and purchase intention of the chocolate that they ate.

Each participant ate no more than two pieces of chocolate twice.

Procedure

Participants were first asked to fill in personal information

and complete the self-construal priming task. Then they had to

complete the PANAS as baseline emotion. After that, participants

rinsed their mouths with water and put on headphones. It should

be noted that although the duration of positive and negative music

was inconsistent (69 vs. 60 s), the volume of the two kinds of music

was controlled at 70± 6 dB. The experiment requested participants

to taste a bar of chocolate on a plate we had prepared while

listening to a random type of music played through headphones.

Meanwhile, they were allowed to continue savoring a second of the

same chocolate if they had finished tasting the first piece before

the end of the music. Next, participants were required to evaluate

the chocolate they ate in the five dimensions mentioned above and

accomplish the PANAS again. After rinsing their mouths again with

water, participants completed a similar task of matching another

type of music with another type of chocolate. All the analysis data

are publicly available from the Open Science Framework repository

(OSF) at https://osf.io/qhdgz/.

Results

Before formal analysis, we first conducted amanipulation check

on the emotional scores of the participants after listening to positive
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FIGURE 1

The main e�ect of emotional music on the five dimensions. Note that error bars show the standard errors of the means, *p < 0.05, **p < 0.01. and

***p < 0.001.

and negative emotional music. As expected, music that conveyed

positive emotions induced significantly higher positive (M = 2.25,

SD = 0.83) than negative feelings (M = 1.15, SD = 0.33), t(127)
= 14.46, p < 0.001, Cohen’s d = 1.28, 95% CI = [0.95, 1.25].

Surprisingly, the participants also scored significantly higher on

the Positive (M = 1.86, SD = 0.77) than Negative Affect Scale (M

= 1.44, SD = 0.51) after listening to negative emotional music,

t(127) = 4.74, p < 0.001, Cohen’s d = 0.42, 95% CI = [0.24, 0.59].

We further analyzed the emotional scores of the participants after

listening to positive and negative emotional music. The results

showed that positive emotional music (M = 2.25, SD = 0.83)

evoked significantly more positive valence than negative emotional

music (M = 1.86, SD = 0.77), t(127) = 6.02, p < 0.001, Cohen’s

d = 0.53, 95% CI = [0.27, 0.53], while negative emotional music

(M = 1.44, SD = 0.51) scored significantly higher negative valence

than positive emotional music (M= 1.15, SD= 0.33), t(127) = 6.50,

p < 0.001, Cohen’s d = 0.57, 95% CI= [0.20, 0.38].

We performed a 2 (self-construal priming: independent self-

construal or interdependent self-construal) × 2 (chocolate: milk

chocolate or dark chocolate) × 2 (emotional music: positive

emotional music or negative emotional music) repeated-measures

ANOVA on valid data. The results found that the main effect of

emotional music was significant in all five aspects of chocolate

evaluation [Fsweetness(1,124) = 21.92, p < 0.001, η
2
p = 0.15;

Fbitterness(1,124) = 6.91, p = 0.010, η2p = 0.05; Fliking(1,124) = 21.62,

p < 0.001, η
2
p = 0.15; Fpurchaseintentions(1,124) = 24.97, p < 0.001,

η
2
p = 0.17; FWTP(1,124) = 10.43, p = 0.002, η

2
p = 0.08]. As shown

in Figure 1, compared to negative music, the participants rated the

chocolate as having higher sweetness (M1 = 3.48, SD1 = 1.68; M2

= 4.16, SD2 = 1.54), liking (M1 = 4.19, SD1 = 1.72; M2 = 4.97, SD2

= 1.43), and lower bitterness (M1 = 2.91, SD1 = 1.80; M2 = 2.47,

SD2 = 1.56) when the emotional music was positive. In addition,

the purchase intentions (M1 = 4.19, SD1 = 1.67; M2 = 3.34, SD2 =

1.63) andWTP (M1 = 1.84, SD1 = 2.97; M2 = 1.20, SD2 = 1.93) for

chocolate were further intensive when participants were exposed to

positive rather than negative music. The experimental results also

revealed that the type of chocolate had a significant main effect on

the sweetness [F(1,124) = 33.18, p < 0.001, η
2
p = 0.21], bitterness

[F(1,124) = 36.46, p < 0.001, η2p = 0.23], liking [F(1,124) = 17.45, p

< 0.001, η2p = 0.12], and purchase intention [F(1,124) = 13.16, p <

0.001, η2p = 0.10] of chocolate (as shown in Figure 2). Specifically,

participants considered milk chocolate to be sweeter (Mdark =

3.16, SDdark = 1.13; Mmilk = 4.43, SDmilk = 1.32) and less bitter

(Mdark = 3.37, SDdark = 1.19; Mmilk = 2.07, SDmilk = 1.24) than

dark chocolate. Then, they preferred milk chocolate (Mdark = 4.11,

SDdark = 1.09; Mmilk = 5.00, SDmilk = 1.27) and more purchase

intentions for it (Mdark = 3.33, SDdark = 1.15; Mmilk = 4.16, SDmilk

= 1.39) compared to dark chocolate.

The results demonstrated that there was a significant triple

interaction among emotional music, self-construal priming, and

chocolate on the sweetness of chocolate, F(1,124) = 4.15, p =

0.04, η
2
p = 0.03. Based on this, we further analyzed the effects

of self-construal priming and chocolate type on the evaluation

of chocolate sweetness under two music conditions. As shown in

Figure 3, positive music improved the sweetness of milk chocolate

(M= 4.97, SD = 1.53) more than negative music (M = 4.00, SD

= 1.75) when independent self-construal was primed, t(32) = 3.11,

p= 0.004, Cohen’s d= 0.54, 95% CI= [0.33, 1.61]. However, music

with positive emotions increased the sweetness of dark chocolate

(M = 3.53, SD = 1.57) more than music with negative emotions

(M = 2.53, SD = 1.25) under the priming of interdependent

self-construal, t(29) = 3.63, p = 0.001, Cohen’s d = 0.66, 95%

CI= [0.44, 1.56].

Discussion

This study aimed to explore the moderating role of different

types of self-construal in the process of emotional music

affecting food evaluation. The experimental results mainly

suggested the following three points. First, positive music can

improve participants’ ratings of chocolate and purchase intention.

Consistent with previous studies (Ziv, 2018; Kantono et al., 2019;

Reinoso-Carvalho et al., 2019, 2020), our study elucidated that

participants find chocolate to be sweeter after listening to positive

music, which in turn increases their liking and purchase intention

for it. Skaczkowski et al. (2016) argued that positive (negative)

emotions evoked by positive (negative) music could be transferred
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FIGURE 2

The main e�ect of chocolate is on the five dimensions. Note that error bars show the standard errors of the means, ***p < 0.001.

FIGURE 3

Triple interaction e�ect among emotional music, self-construal priming, and chocolate on the sweetness of chocolate. Note that error bars show the

standard errors of the means, **p < 0.01.

to individuals’ authentic tasting experience based on sensation

transference effects.

Second, our results demonstrated that self-construal priming

could modulate sonic seasoning. In particular, music with a

positive emotion was more likely to enhance the participants’

evaluation of the sweetness of milk chocolate under the priming

of independent self-construal and dark chocolate under the

priming of interdependent self-construal. However, independent

self-construal priming did not influence participants’ evaluation

of dark chocolate sweetness. As researchers have suggested before,

individuals with independent self-construal tend to adopt an

analytic thinking style that emphasizes the independence of

individual objects, whereas individuals with interdependent

self-construal tend to adopt a holistic style of thinking

emphasizing that the world is composed of interrelated elements

(Nisbett et al., 2001; Monga and John, 2007, 2008). This

may explain why different self-construal priming types have

different influences on sonic seasoning. The self-construal of

interdependence can guide the participants to adopt a holistic way

of thinking to perceive the relationship between the background

music and dark chocolate, which leads to the influence of positive

music on the evaluation of dark chocolate’s sweetness. However,

an analysis of milk chocolate showed that the evaluation of the

sweetness of milk chocolate was not affected by emotional music

under the initiation of the self-construal of mutual dependence.

The possible reason is that milk chocolate itself has been perceived

as sweet, so there is no significant difference in the evaluation

of sweetness between positive and negative music, even though

the participants were under the priming of interdependent

self-construal.
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Previous studies have focused on the sonic seasoning of food by

individuals from different countries (Reinoso-Carvalho et al., 2019,

2020) or on explaining the influence of self-construal priming on

food perception (Hansen, 2019; Huang et al., 2021). The innovation

of this study is to make a thorough inquiry into how self-

construal priming impacts the relationship between music-evoked

emotion and the perception of taste. Theoretically, by comparing

independent and interdependent self-construal priming on food

evaluations, the present study reveals the moderating role of self-

construal priming types on the effect of emotional music on real

food tasting, which could enrich the findings of sonic seasoning.

For the marketing field, our study provides a certain theoretical

reference for improving individual diet experience and boosting

happiness in eating. In particular, marketers can control consumers’

perception of flavors in food or beverage products by playing

different styles of music according to their cultural background.

In addition, it is a bright prospect for marketers to adopt words

that represent different self-construals on the packaging of food to

change consumers’ cognition.

Like other studies, this study has unavoidable limitations.

First, after listening to the negative music, participants did not

report a higher negative valence than positive valence. There

were several possible explanations. First, a previous study found

that compared to an audio-only presentation, an audio-visual

congruent presentation, which represented congruent audio and

visual emotions (e.g., happy face and happy music), could lead to

a more intense emotional response. This effect occurred in both

positive and negative music, and the effect was larger for positive

music (Pan et al., 2019). The baseline emotional score in our study

showed that participants were significantly more positive before

the experiment. Thus, it was possible that the negative emotional

music was not capable of evoking a strong negative emotional

response to make negative emotion dominant for the participants.

Moreover, people listened to music while eating chocolate and then

completed the PANAS, which might result in emotional scores

that not only represent the valence evoked by the music but

also the taste of chocolate. As a result, future experiments should

measure participants’ positive or negative valence to the music itself

using the GEMS (Zentner et al., 2008) or GEMIAC questionnaire

(Coutinho and Scherer, 2017) and evaluate the music with respect

to different taste categories. In the current study, we focused on the

effects of music that can induce positive or negative emotions on

food perception. Although we can see the effects of the music on

the five dimensions and between independent and interdependent

self-construal priming we cannot gauge the extent to which these

effects are significant because there was no control (i.e., a non-

music condition) for comparison. As a result, future experiments

could add a non-music condition.

Second, the participants in this study were university students

aged ∼20 and were Chinese. We are not sure whether the findings

of the study apply to people of other ages and cultures. Reinoso-

Carvalho et al. (2020) found that the sonic seasoning effects were

different on people from LATAM and Asia. Moreover, previous

studies have found that sex differences in self-construal vary across

different nations (Costa et al., 2001; Schmitt et al., 2008). Future

experiments could expand the sample to different cultures and ages.

Third, this study showed that self-construal could modulate

the effects of emotional music on food perception. Previous

research discovered that crossmodal congruency between music

and food/beverage had effects on the tasting experience (Wang

and Spence, 2015; Reinoso-Carvalho et al., 2020; Motoki et al.,

2022). For example, Wang and Spence (2015) demonstrated that

the music chosen to be congruent with each wine was indeed

rated a better match than other pieces of music, and the music

significantly influenced the perceived acidity and fruitiness of the

wine. Future experiments could investigate whether self-construal

could modulate the effects of crossmodally congruent music on

food perception.

Finally, Mawad et al. (2015) found that field-independent and

field-dependent tendencies affected the visual attention processing

of yogurt label information. Individuals with an independent

tendency would pay more attention to the health label information

of yogurt. It is well-known that individuals with field-independent

tendencies are more detached from their surroundings and less

susceptible to external cues than field-dependent individuals.

Likewise, individuals who have experienced independent self-

construal were also more focused on themselves. Therefore, we

can further explore the influence of music on the process of

an individual’s attention to food and whether self-construal still

modulates this process in future studies. Moreover, Peng-Li et al.

(2020) discovered through eye tracking that sweet music improved

gaze time to sweet food, while salty music increased their fixation

time on salty food. Notably, Peng-Li et al. (2020) demonstrated the

influence of different music on food with different flavors based on

the cross-modality association of music and flavor. In light of this,

follow-up studies should further examine the moderating role of

self-construal in the effect of emotional music on an individual’s

attention to sweet or bitter foods.

Conclusion

The results of this study suggest that self-construal

priming has a moderating role in how emotional music

affects the authentic flavor experience. For example, under

independent self-construal priming, there was no difference

in the evaluation of the sweetness of dark chocolate between

positive and negative music. However, positive music significantly

improved participants’ evaluation of the sweetness of milk

chocolate. In contrast, interdependent self-construal priming

obtained the converse result. Compared with negative music,

positive music can enhance the sweetness of dark chocolate,

but neither kind of music influences the sweetness of milk

chocolate. This study provides evidence that could improve

an individual’s eating experience by promoting happiness

when eating.

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be

directed to the corresponding authors.

Frontiers in Psychology 06 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1041202
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Xu et al. 10.3389/fpsyg.2023.1041202

Ethics statement

The studies involving human participants were reviewed

and approved by Human Research Ethics Committee of

the Department of Psychology of Soochow University. The

patients/participants provided their written informed consent

to participate in this study. Written informed consent

was obtained from the individual(s) for the publication

of any potentially identifiable images or data included in

this article.

Author contributions

JX: methodology, investigation, data curation, and

formal analysis. XG: formal analysis, methodology, writing,

and original draft preparation. ML: writing, review, and

editing. HX: supervision, writing, review, and editing. JH:

conceptualization, supervision, writing, review, and editing.

All authors contributed to the article and approved the

submitted version.

Funding

This research was supported by the National Natural

Science Foundation of China, awarded to JH (Grant

No. 32100875).

Acknowledgments

The authors would like to thank Mengting Hu for their

assistance in data collection. Comments concerning this article

should be sent to JH at jphuang@suda.edu.cn.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.

1041202/full#supplementary-material

References

Biswas, D., Labrecque, L. I., and Lehmann, D. R. (2021). Effects of sequential sensory
cues on food taste perception: Cross-modal interplay between visual and olfactory
stimuli. J. Consum. Psychol. 31, 746–764. doi: 10.1002/jcpy.1231

Costa, Jr. P. T., Terracciano, A., and McCrae, R. R. (2001). Gender differences
in personality traits across cultures: Robust and surprising findings. J. Personal. Soc.
Psychol. 81, 322. doi: 10.1037/0022-3514.81.2.322

Coutinho, E., and Scherer, K. R. (2017). Introducing the GEneva Music-Induced
Affect Checklist (GEMIAC): A brief instrument for the rapid assessment of musically
induced emotions.Music Percept. 34, 371–386. doi: 10.1525/mp.2017.34.4.371

Crisinel, A., and Spence, C. (2010). As bitter as a trombone: Synesthetic
correspondences in nonsynesthetes between tastes/flavors and musical notes. Attent.
Percept. Psychophys. 72, 1994–2002. doi: 10.3758/APP.72.7.1994

Crisinel, A.-S., Cosser, S., King, S., Jones, R., Petrie, J., and Spence, C. (2012). A
bittersweet symphony: Systematically modulating the taste of food by changing the
sonic properties of the soundtrack playing in the background. Food Qual. Pref. 24,
201–204. doi: 10.1016/j.foodqual.2011.08.009

Goh, J. O., Chee, M. W., Tan, J. C., Venkatraman, V., Hebrank, A., Leshikar,
E. D., et al. (2007). Age and culture modulate object processing and object—
Scene binding in the ventral visual area. Cogn. Affect. Behav. Neurosci. 7, 44–52.
doi: 10.3758/CABN.7.1.44

Grossmann, I., and Jowhari, N. (2018). Cognition and the self: Attempt of an
independent close replication of the effects of self-construal priming on spatial memory
recall. J. Exp. Soc. Psychol. 74, 65–73. doi: 10.1016/j.jesp.2017.08.005

Hanci, D., and Altun, H. (2016). Hunger state affects both olfactory abilities
and gustatory sensitivity. Eur. Archiv. Oto-Rhino-Laryngol. 273, 1637–1641.
doi: 10.1007/s00405-015-3589-6

Hansen, J. (2019). Construal level and cross-sensory influences: High-level
construal increases the effect of color on drink perception. J. Exp. Psychol. 148, 890.
doi: 10.1037/xge0000548

Henrich, J. (2014). Rice, psychology, and innovation. Science 344, 593–594.
doi: 10.1126/science.1253815

Huang, J., Wang, C., and Wan, X. (2021). Self-construal priming modulates
the influence of receptacles on food perception. J. Sensory Stud. 36, e12642.
doi: 10.1111/joss.12642

Jeong, S., and Lee, J. (2021). Effects of cultural background on consumer perception
and acceptability of foods and drinks: A review of latest cross-cultural studies. Curr.
Opin. Food Sci. 42, 248–256. doi: 10.1016/j.cofs.2021.07.004

Johnson, A., and Proctor, R. W. (2004). Attention: Theory and Practice. Thousand
Oaks, CA: Sage.

Kantono, K., Hamid, N., Shepherd, D., Lin, Y. H. T., Skiredj, S., and Carr, B. T.
(2019). Emotional and electrophysiological measures correlate to flavour perception
in the presence of music. Physiol. Behav. 199, 154–164. doi: 10.1016/j.physbeh.2018.
11.012

Kantono, K., Hamid, N., Shepherd, D., Yoo, M. J., Carr, B. T., and Grazioli, G.
(2016). The effect of background music on food pleasantness ratings. Psychol. Music
44, 1111–1125. doi: 10.1177/0305735615613149

Knöferle, K., and Spence, C. (2012). Crossmodal correspondences between sounds
and tastes. Psychon. Bullet. Rev. 2012, 1–15. doi: 10.3758/s13423-012-0321-z

Kühnen, U., and Oyserman, D. (2002). Thinking about the self influences thinking
in general: Cognitive consequences of salient self-concept. J. Exp. Soc. Psychol. 38,
492–499. doi: 10.1016/S0022-1031(02)00011-2

Lalwani, A. K., and Shavitt, S. (2013). You get what you pay for? Self-construal
influences price-quality judgments. J. Consumer Res. 40, 255–267. doi: 10.1086/670034

Markus, H. R., and Kitayama, S. (1991). Culture and the self: Implications
for cognition, emotion, and motivation. Psychol. Rev. 98, 224–253.
doi: 10.1037/0033-295X.98.2.224

Masuda, T., and Nisbett, R. E. (2001). Attending holistically vs. analytically:
Comparing the context sensitivity of Japanese and Americans. J. Personal. Soc. Psychol.
81, 922–934. doi: 10.1037/0022-3514.81.5.922

Mawad, F., Trías, M., Giménez, A., Maiche, A., and Ares, G. (2015). Influence
of cognitive style on information processing and selection of yogurt labels: Insights

Frontiers in Psychology 07 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1041202
mailto:jphuang@suda.edu.cn
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1041202/full#supplementary-material
https://doi.org/10.1002/jcpy.1231
https://doi.org/10.1037/0022-3514.81.2.322
https://doi.org/10.1525/mp.2017.34.4.371
https://doi.org/10.3758/APP.72.7.1994
https://doi.org/10.1016/j.foodqual.2011.08.009
https://doi.org/10.3758/CABN.7.1.44
https://doi.org/10.1016/j.jesp.2017.08.005
https://doi.org/10.1007/s00405-015-3589-6
https://doi.org/10.1037/xge0000548
https://doi.org/10.1126/science.1253815
https://doi.org/10.1111/joss.12642
https://doi.org/10.1016/j.cofs.2021.07.004
https://doi.org/10.1016/j.physbeh.2018.11.012
https://doi.org/10.1177/0305735615613149
https://doi.org/10.3758/s13423-012-0321-z
https://doi.org/10.1016/S0022-1031(02)00011-2
https://doi.org/10.1086/670034
https://doi.org/10.1037/0033-295X.98.2.224
https://doi.org/10.1037/0022-3514.81.5.922
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Xu et al. 10.3389/fpsyg.2023.1041202

from an eye-tracking study. Food Res. Int. 74, 1–9. doi: 10.1016/j.foodres.2015.
04.023

McGarvey, A. (2015). easypower: Sample Size Estimation for Experimental Designs.
R package version, 1.0.1.

Monga, A. B., and John, D. R. (2007). Cultural differences in brand extension
evaluation: The influence of analytic versus holistic thinking. J. Consumer Res. 33,
529–536. doi: 10.1086/510227

Monga, A. B., and John, D. R. (2008).When does negative brand publicity hurt? The
moderating influence of analytic vs. holistic thinking. J. Consumer Psychol. 18, 320–332.
doi: 10.1016/j.jcps.2008.09.009

Moss, R., and McSweeney, M. B. (2021). Do consumers want seaweed in their food?
A study evaluating emotional responses to foods containing seaweed. Foods 10, 2737.
doi: 10.3390/foods10112737

Motoki, K., Takahashi, N., Velasco, C., and Spence, C. (2022). Is classical
music sweeter than jazz? Crossmodal influences of background music and
taste/flavour on healthy and indulgent food preferences. Food Qual. Pref. 96, 104380.
doi: 10.1016/j.foodqual.2021.104380

Nisbett, R. E., Peng, K., Choi, I., and Norenzayan, A. (2001). Culture
and systems of thought: Holistic vs. analytic cognition. Psychol. Rev. 108, 291.
doi: 10.1037/0033-295X.108.2.291

North, A. C. (2012). The effect of background music on the taste of wine. Br. J.
Psychol. 103, 293–301. doi: 10.1111/j.2044-8295.2011.02072.x

Pan, F., Zhang, L., Ou, Y., and Zhang, X. (2019). The audio-visual integration effect
on music emotion: Behavioral and physiological evidence. PLoS ONE 14, e0217040.
doi: 10.1371/journal.pone.0217040

Peng-Li, D., Byrne, D. V., Chan, R. C., and Wang, Q. J. (2020). The influence
of taste-congruent soundtracks on visual attention and food choice: A cross-cultural
eye-tracking study in Chinese and Danish consumers. Food Qual. Pref. 85, 103962.
doi: 10.1016/j.foodqual.2020.103962

Qiu, L., Zheng, X., and Wang, Y. F. (2008). Revision of the positive affect and
negative affect scale. Chin. J. Appl. Psychol. 14, 249–254.

Quinto, L., and Thompson, W. F. (2013). Composers and performers have
different capacities to manipulate arousal and valence. Psychomusicology 23, 137–150.
doi: 10.1037/a,0034775

R Core Team (2022). R: A Language and Environment for Statistical Computing.
Vienna: R Foundation for Statistical Computing. Available online at: https://www.r-
project.org/

Reinoso-Carvalho, F., Dakduk, S., Wagemans, J., and Spence, C. (2019).
Not just another pint! Measuring the influence of the emotion induced by
music on the consumer’s tasting experience. Multisens. Res. 32, 367–400.
doi: 10.1163/22134808-20191374

Reinoso-Carvalho, F., Gunn, L., Molina, G., Narumi, T., Spence, C., Suzuki, Y.,
et al. (2020). A sprinkle of emotions vs. a pinch of crossmodality: Towards globally
meaningful sonic seasoning strategies for enhanced multisensory tasting experiences.
J. Bus. Res. 117, 389–399. doi: 10.1016/j.jbusres.2020.04.055

Schmitt, D. P., Realo, A., Voracek, M., and Allik, J. (2008). Why can’t a man be
more like a woman? Sex differences in Big Five personality traits across 55 cultures. J.
Personal. Soc. Psychol. 94, 168. doi: 10.1037/0022-3514.94.1.168

Sedacca, M. (2016). Sonic Seasoning” is the Growing Scientific Field That Uses Sound
To Make Food Taste Better. Quartz. Available online at: https://qz.com/871605/sonic-
season-changing-taste-with-sound/ (accessed September 5, 2021).

Singelis, T. M. (1994). The measurement of independent and interdependent self-
construals. Personal. Soc. Psychol. Bullet. 20, 580–591. doi: 10.1177/0146167294205014

Skaczkowski, G., Durkin, S., Kashima, Y., and Wakefield, M. (2016). The effect of
packaging, branding and labeling on the experience of unhealthy food and drink: A
review. Appetite 99, 219–234. doi: 10.1016/j.appet.2016.01.022

Spence, C. (2017). “Sonic seasoning,” in Audio Branding: Using Sound to Build Your
Brand, eds L. Minsky and C. Fahey (London: Kogan Page), 52–58.

Spence, C., and Di Stefano, N. (2022). Crossmodal harmony: Looking for
the meaning of harmony beyond hearing. i-Perception 13, 20416695211073817.
doi: 10.1177/20416695211073817

Spence, C., Reinoso-Carvalho, F., Velasco, C., and Wang, Q. J. (2019).
Extrinsic auditory contributions to food perception and consumer behaviour: An
interdisciplinary review.Multisens. Res. 32, 275–318. doi: 10.1163/22134808-20191403

Spence, C., Wang, Q. J., Reinoso-Carvalho, F., and Keller, S. (2021).
Commercializing sonic seasoning in multisensory offline experiential events and
online tasting experiences. Front. Psychol. 12, 740354. doi: 10.3389/fpsyg.2021.740354

Sui, J., and Han, S. (2007). Self-construal priming modulates neural substrates of
self-awareness. Psychol. Sci. 18, 861–866. doi: 10.1111/j.1467-9280.2007.01992.x

Van Baaren, R. B., Maddux, W. W., Chartrand, T. L., De Bouter, C., and Van
Knippenberg, A. (2003). It takes two to mimic: Behavioral consequences of self-
construals. J. Personal. Soc. Psychol. 84, 1093. doi: 10.1037/0022-3514.84.5.1093

Wan, X., Velasco, C., Michel, C., Mu, B., Woods, A. T., and Spence, C. (2014). Does
the type of receptacle influence the crossmodal association between colour and flavour?
A cross-cultural comparison. Flavour 3, 1–7. doi: 10.1186/2044-7248-3-3

Wang, Q., and Spence, C. (2015). Assessing the effect of musical congruency
on wine tasting in a live performance setting. i-Perception 6, 2041669515593027.
doi: 10.1177/2041669515593027

Wang, Q. J., Keller, S., and Spence, C. (2017). Sounds spicy: Enhancing the
evaluation of piquancy by means of a customised crossmodally congruent soundtrack.
Food Qual. Pref. 58, 1–9. doi: 10.1016/j.foodqual.2016.12.014

Wang, Q. J., Keller, S., and Spence, C. (2021). Metacognition and crossmodal
correspondences between auditory attributes and saltiness in a large sample study.
Multisens. Res. 34, 785–805. doi: 10.1163/22134808-bja10055

Wang, Q. J., Spence, C., and Knoeferle, K. (2020). Timing is everything: Onset
timing moderates the crossmodal influence of background sound on taste perception.
J. Exp. Psychol. 46, 1118–1126. doi: 10.1037/xhp0000820

Watson, D., Clark, L. A., and Tellegen, A. (1988). Development and validation
of brief measures of positive and negative affect: The PANAS scales. J. Personal. Soc.
Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.1063

Zentner, M., Grandjean, D., and Scherer, K. R. (2008). Emotions evoked by
the sound of music: Characterization, classification, and measurement. Emotion 8,
494–521. doi: 10.1037/1528-3542.8.4.494

Ziv, N. (2018). Musical flavor: The effect of background music and presentation
order on taste. Eur. J. Market. 52, 1485–1504. doi: 10.1108/EJM-07-2017-0427

Frontiers in Psychology 08 frontiersin.org

https://doi.org/10.3389/fpsyg.2023.1041202
https://doi.org/10.1016/j.foodres.2015.04.023
https://doi.org/10.1086/510227
https://doi.org/10.1016/j.jcps.2008.09.009
https://doi.org/10.3390/foods10112737
https://doi.org/10.1016/j.foodqual.2021.104380
https://doi.org/10.1037/0033-295X.108.2.291
https://doi.org/10.1111/j.2044-8295.2011.02072.x
https://doi.org/10.1371/journal.pone.0217040
https://doi.org/10.1016/j.foodqual.2020.103962
https://doi.org/10.1037/a
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1163/22134808-20191374
https://doi.org/10.1016/j.jbusres.2020.04.055
https://doi.org/10.1037/0022-3514.94.1.168
https://qz.com/871605/sonic-season-changing-taste-with-sound/
https://qz.com/871605/sonic-season-changing-taste-with-sound/
https://doi.org/10.1177/0146167294205014
https://doi.org/10.1016/j.appet.2016.01.022
https://doi.org/10.1177/20416695211073817
https://doi.org/10.1163/22134808-20191403
https://doi.org/10.3389/fpsyg.2021.740354
https://doi.org/10.1111/j.1467-9280.2007.01992.x
https://doi.org/10.1037/0022-3514.84.5.1093
https://doi.org/10.1186/2044-7248-3-3
https://doi.org/10.1177/2041669515593027
https://doi.org/10.1016/j.foodqual.2016.12.014
https://doi.org/10.1163/22134808-bja10055
https://doi.org/10.1037/xhp0000820
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1037/1528-3542.8.4.494
https://doi.org/10.1108/EJM-07-2017-0427
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

	Self-construal priming modulates sonic seasoning
	Introduction
	Methods
	Participants
	Apparatus and materials
	Design
	Procedure

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


