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ABSTRACT* 

Sound can strongly affect users’ emotions and 
perceptions of a product, but it is often neglected in 
traditional sensory research. In the present study, we 
investigate a beauty tech product that makes sound as a 
consequence of its function: hair dryers. We recorded the 
hair dryers’ sounds and digitally modified the spectral 
content of the recordings. We then tested these 
recordings and modified versions with a group of 
consumers to evaluate the effect of the modifications on 
listeners’ preferences and the emotional impact of each 
sound. We find clear positive effects of spectral 
modifications on both preference and emotion. 
Specifically, increasing sharpness (by increasing high-
frequency energy) and reducing energy in the high-mid 
frequencies results in higher preference and more 
positive emotions. These results demonstrate the 
importance of carefully designing sounds in beauty tech, 
even those that are unintentionally part of the user 
experience, and they also demonstrate an original and 
cost-effective method for evaluating potential 
improvements to a product’s sound.  
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1. INTRODUCTION 

The sound a product makes may not be the first thing 
people consciously notice about it. It is likely that they 
first look at it; then they may touch it, smell it, feel its 
weight. But the sound it makes, though sometimes only 
unconsciously noticed, communicates information about 
its characteristics and qualities and can have strong 
effects on its emotional impact see [1] for an in-depth 
discussion. This effect is product specific. Blauert & 
Jekosch [2, p. 747] define sound quality as the 
“adequacy of a sound in the context of a specific 
technical goal and/or task.” This means that there is no 
universal auditory characteristic that a good product 
sound should have. The quality and appropriateness of a 
sound are interdependent. 
Products’ sounds can be broadly divided into two 
categories: intentionally created sounds (e.g. user 
interface sounds) and sounds that are a consequence of 
the product’s use (e.g., motor sounds). These sounds that 
were not intentionally created can, however, be made 
intentional. The “click” sound of lipstick being closed 
after use, for example, depends on the material and 
configuration of the lipstick tube, and it can influence 
users’ perceptions of the lipstick’s characteristics [3]. 
In the present study, we examine an unintentional sound: 
the motor + air sound of a hair dryer. These sounds can 
be characterized as “noise” and exemplify one of the 
challenges of sound design – making the best of a sound 
which is a side effect of an object’s material, structure, 
or function [4]. We chose to examine this device because 
it makes sustained, relatively loud noise which occurs 
close to the ear of the person whose hair is being cared 
for, and therefore it is likely to have an impact on the 
multisensory experience of visiting a hair salon or of 
drying one’s hair at home.  
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A few acoustic parameters are often evaluated when 
testing product sound. Many of these have to do with the 
spectral content, that is, the distribution of different 
frequencies in the sound and their relative energy. Others 
have to do with changes in the sound over time. In the 
following section are basic definitions of a few of these 
acoustic parameters.  
Pitch is how high or low we perceive a sound to be. 
Pitch often depends on the placement of the fundamental 
frequency [5]. Tonality is defined in a study on hair 
dryer noise [6] as how perceptible specific pitches are 
within a noise. A white noise, like those often made by 
machines designed to block out other noise to help us 
sleep, has no tonality. The energy across all the 
frequencies is equal, so none are individually audible. 
The measure we will use in the present paper will serve 
as the inverse of this, though it is more specific: spectral 
flatness [7]. This is a measure of how close a sound is to 
white noise, and it is also sometimes called the “tonality 
coefficient” [8]. A sound with individual tones or narrow 
bands that are audible would have low spectral flatness. 
Other colors of noise, such as brown or pink noise, even 
without tonality, would also be lower in spectral flatness 
than a white noise. Spectral centroid is one way of 
describing the power spectrum of a sound; it is the 
spectral center of gravity of a sound and is measured in 
Hertz (Hz) like the fundamental frequency e.g., [9]. The 
higher this frequency is, the brighter the sound. 
Sharpness is related to brightness; it depends on the 
relative amount of high-frequency energy in the sound. 
More high-frequency energy leads to higher sharpness, 
which in turn is correlated with decreasing sensory 
pleasantness. [10]. 
Changes in the sound over time can include fluctuations 
in pitch or in amplitude (loudness). Sounds with fast 
fluctuations in amplitude are often described as rough, 
and slower fluctuations are perceived more as beats, 
measured as fluctuation strength [10]. Sounds with high 
roughness are generally regarded as less pleasant than 
non-rough sounds [10], [11]. 
Consumer preference has been evaluated in several types 
of noise-creating products. More annoyance or reduced 
preference was found to be caused by more pitch 
fluctuation in refrigerators [12], larger pitch variations 
and higher pitch [13] or higher tonality and spectral 
centroid [14] in air conditioners, higher sharpness, 
tonality, and fluctuation strength in helicopter noise [15], 
high tonality in hair dryers [6] and higher sharpness in 
coffee machines [16] and electric toothbrushes [17]. 
 For the present study, we analyzed the sounds of four 
different hair dryers. In addition, we digitally modified 

the sound of one hair dryer (Hair dryer D) to increase or 
reduce its sharpness, spectral flatness, roughness, and 
other aspects of the frequency distribution, such as 
relative energy in low, mid, and high frequencies. We 
then presented these sounds to consumers and asked 
them to rate the sounds on emotion, using a timed task to 
evaluate their initial reactions, and we measured their 
preference using a Best-Worst Scaling task [18]. We 
chose this method because it was shown to be as effect 
as rating scales, but preferred by participants [19]. We 
then explored the relation between these preference and 
emotional ratings and the sound manipulations. 
Because previous studies have shown that loudness level 
(sound pressure level, SPL) is a major factor in 
determining hair dryer discomfort [6], noisiness of 
refrigerators [12], as well as preference for air 
conditioners [14], electric toothbrushes [17], and coffee 
machines [16], for the present study we normalized the 
sounds to have the same SPL. This way, we can more 
easily examine other aspects of the sound spectrum that 
determine preference.  
Based on previous evidence, we predicted that higher 
sharpness, lower spectral flatness (i.e., higher tonality), 
and higher roughness would all be negatively related to 
preferences and positive emotions. 

2. METHODS 

2.1 Participants 

Thirty-nine French-speaking women were tested at in the 
L’Oréal Cognitive Sciences lab in Clichy, France (Mage = 
43 y, range 23-60). Inclusion criteria were being 60 years of 
age or younger, reporting no hearing loss, and regularly 
using a hair dryer. All participants’ personal information 
was handled following the GDPR, and the study followed 
the guidelines of the Declaration of Helsinki. All 
participants signed an informed consent document before 
beginning the study, and they were compensated for their 
time.  

2.2 Stimuli 

2.2.1 Recordings 

The hair dryers selected consisted of four high-end hair 
dryers. One of the hair dryers, Hair Dryer D, was further 
explored by digitally modifying recordings of its sound. 
The recordings were done in the Cognitive Science lab  
in a semi-anechoic room. Four hair dryers were 
measured in three different configurations, placing the 
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microphone (MiniDSP UMIK-1) in different places 
relative to the air flow (see Fig. 1). Configuration 1 had 
the microphone placed 30 cm behind the hair dryer. 
Configuration 2 had the microphone placed 10 cm away 
from the end of the hair dryer where the air exited, 
perpendicular to the hair dryer and in the same 
horizontal axis (parallel to the floor). Configuration 3 
was like 2, but the hair dryer was pointed at the 
mannequin head. Our goal was to investigate the sound 
experienced by the person whose hair is being dried. 
Configuration 2 was chosen because it measured the 
sound in front of the hair dryer without too much of the 
air flow (directly from the hair dryer or bouncing off the 
head) interfering with the sound. The hair dryers were at 
their maximum setting (speed and temperature) and 
without any styling attachment. 

 
 

Figure 1. The three configurations of hair dryer 
and microphone for the recordings 
 

2.2.2 Sound treatment and modifications 

Recordings were normalized at -24 LUFS. Stimuli 
consisted of the four original recordings of hair dryer 
sounds and 17 digitally modified versions of Hair Dryer 
D. These modifications were performed using the 
software Reaper, equalized with ReaEQ and are outlined 
in Table 1.  
The specific modifications were chosen based on 
previous studies and predictions (i.e., modification of 
sharpness which has been shown to be unpleasant in 
other contexts, boosts in different areas of the spectrum  
to examine the effect of concentrated high vs low 
frequency energy) and examination of the hair dryer 

signal (the resonance modifications, which involved 
boosting or cutting in existing frequency peaks).  

Table 1. Details of stimulus modifications 
Type of 

modification Q 
Frequencies 

altered 
Intensity 
change 

# of 
sounds 

Sharpness: 
High shelf 1.5 1500 Hz; 5 

kHz; ±10 dB 4 

Resonance: 
Bell boost and 

cut of two 
peaks 

0.5 1600 Hz; 
5000 Hz ±10 dB 2 

Wide 
frequency cut 4 1500; 3000; 

and 6000 Hz ±20 dB 3 

Narrow 
frequency cut 2 

1500 Hz; 
3000 Hz; 12 
kHz, Q=2 

0 & -10 
dB 3 

Narrow 
frequency 

boost 
2 

375; 750; 
1500; 3000; 

6000 Hz, 
Q=2 

+20 dB 5 

 

2.3 Procedure 
Participants were tested in a dedicated testing booth. 
Sounds were presented through Beyerdynamics DT770 Pro 
32Ω headphones. The volume setting on the computer was 
consistent across participants. Participants were told that 
they would be hearing hair dryer sounds and that they 
would be asked for their opinions on them.  
The experiment consisted of two parts. In the first part, 
participants heard the sounds presented in random order, 
and for each sound they were asked to respond to a list of 
emotions whether the sound made them feel that emotion. 
They heard the sound and then saw the list of emotions one 
at a time. The order of presentation for the emotions was 
randomized for each participant, and it stayed consistent 
within the participant (that is, for each sound, the emotions 
were presented in random order A for participant 1, random 
order B for participant 2, etc.). As each emotion was 
presented, participants had 1500 ms to say “Yes” or “No” 
by pressing a corresponding key on the keyboard. If their 
response was too slow, it was not recorded. This method 
was chosen to try to get at more spontaneous “gut” 
reactions without allowing the participant time for 
conscious thought about whether they felt the emotion or 
not. 
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The second part was a Best-Worst Scaling task: participants 
heard the sounds presented in 21 groups of five using a 
balanced incomplete block design created using the R 
Commander plugin for the support.BWS package in R [20], 
[21], [22]. They were asked to choose the best and the worst 
sound among the five. They had to listen to each sound at 
least once before they could respond, and they could replay 
the sounds as many times as they wanted.  

2.4 Statistical Analysis 

Emotion results were analyzed using the MultiResponseR 
package in R [23]. Data were first cleaned so the only “yes” 
responses to emotions were those that were given between 
300 and 1500 ms after the sound was heard, with the 
reasoning that responses shorter than 300 ms were too fast 
and unlikely to be genuinely in response to the sound. All 
others were classified as “no” responses.  
Best-Worst scaling data were analyzed using the 
support.BWS and survival packages in R [20], [22], [24], 
[25]. A conditional logistic regression with a MaxDiff 
model was run using the clogit function, giving the odds 
ratios with 95% confidence intervals for each of the stimuli. 
We chose the narrow boost at 375 Hz as the reference level 
because it was one of the worst rated, and we had 
sufficient narrow boosts at other frequencies to see 
trends relating ratings to these boosts at specific 
frequencies. 
To examine the effect of sharpness, roughness, and 
spectral flatness on best-worst scaling results, we 
performed Pearson product-moment correlations among 
these three measures and the best-worst score (number of 
times chosen as best minus number of times chosen as 
worst) using base R and corrplot packages [26], [27]. 

3. RESULTS 

For the emotions, a multiple-response chi-square test 
showed that the responses were distributed differently 
from expected, c2(460) = 533.79, p < .001. A within-
subjects test of dimensionality showed only one 
dimension was significant at p < .001. A correspondence 
analysis was performed and shows the first two 
dimensions (Fig. 2). The x axis indicates an effect of 
valence, with positive on the left and negative on the 
right. The non-significant y axis suggests an effect of 
arousal, but this is less clear than the valence effect.  

The within-subjects multi-response hypergeometric test 
showed numerous hair dryer sounds that were rated 
significantly differently from expected. Narrow and 
Wide cuts at 1500 and 3000 Hz, added Sharpness above 
5000 Hz, and Resonance reduced at 1600 Hz were rated 

 

Figure 2. Correspondence analysis of the emotion 
ratings of the hair dryer sound 
similarly: many were rated less alert, and they received 
more yeses for low-arousal positive emotions such as 
laid-back, relaxed, serene, sleepy, reassured, and calm. 
Some of them were also less irritated and/or stressed. In 
contrast, Sharpness reduced above 1500 Hz and Narrow   
boost at 750 Hz were more irritated, alert, and stressed 
and were rated lower on the low-arousal positive 
emotions. There were no significant differences in bored, 
confident, depressed, disappointed, disgusted, energized, 
frustrated, intrigued, invigorated, nostalgic, sad, or 
surprised. The significant differences are shown in Fig. 
3. Sounds with no significant differences in emotions are 
not shown in the table.  
A forest plot of odds ratios resulting from the best-worst 
scaling conditional logistic regression is shown in Fig. 4. 
The hair dryers with confidence intervals that do not 
overlap the dotted line were significantly rated as best (if 
above the line) or worst (if below the line).  
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Figure 3. Results of the hypergeometric test for the 
hair dryer sounds. Cells that differed significantly 
from expected are highlighted. Green means more 
than expected, and blue means less than expected. 
Darker colors are significant at p < .05, and lighter 
colors approach significance at p < .1 

 
Figure 4. Odds ratios for Best-Worst scaling of the 
hair dryer sounds. The dotted line indicates an odds 
ratio of 1, that is, neither best nor worst. Error bars 
are 95% confidence intervals. 
Eleven of the hair dryer sounds were rated more often as 
best: Wide cuts at 1500, 3000, and 12,000 Hz, Narrow 
cuts at 1500 and 3000 Hz, a Narrow (resonance) cut at 
1600 Hz, boosted sharpness above 5000 Hz and above 
1500 Hz, the Narrow boost at 6000 Hz, and the 
unmodified Hair Dryer D. 
A correlation analysis among best-worst score, 
sharpness, spectral flatness and roughness showed that 
best-worst score was significantly positively correlated 
with sharpness, r(19) = .70, p < .001, and negatively 
correlated with roughness, r(19) = -.68, p < .001. The 
correlation with spectral flatness was not significant, 

r(19) = .33, p > .05. As can be seen in the scatterplot, an  

  

Figure 5. (Left) Scatterplot showing the positive 
correlation between Best-Worst and sharpness 
(Right) Scatterplot showing the negative correlation 
between Best-Worst and roughness. 
outlier analysis shows that one of the sounds (the dot 
next to the correlation coefficient in the plot) was an 
outlier for roughness. Removing this outlier increases the 
negative correlation to r(19) = .71, p < .001. 

4. DISCUSSION 

The results of this experiment have shown that 1) 
variations in the acoustic characteristics of the natural 
sounds made by hair dryers can affect users’ emotions, 
and 2) users have clear preferences for certain types of 
sounds over others. We have also demonstrated an 
effective testing methodology for examining preferences 
and emotions in these types of product sounds, 
combining techniques from psychoacoustics and sensory 
science. Regarding our initial hypotheses, neither 
sharpness nor tonality had negative effects on ratings for 
either object, but roughness did.  
Though tonality did not have a significant impact, there 
was a positive effect of sharpness, including a positive 
correlation between sharpness and best-worst score, 
combined with a strong effect of reduction in the high-
mid frequencies. The top six most preferred sounds had 
either reductions at these high-mids or added sharpness 
in the high frequencies. Many of these, especially those 
that reduced the high-mids were also rated with more 
positive and fewer negative emotions than expected. In 
contrast, the sounds rated as worst had reduced 
sharpness and tended to receive more “yes” responses 
for negative or high arousal emotions and fewer for 
positive and low arousal emotions.  
The preference for reductions in the high-mid 
frequencies may be due to the fact that human ears are 
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most sensitive to frequencies in this range – our 
threshold for hearing in quiet is lowest between 2 and 5 
kHz [10]. A reduction of frequencies in this range may 
give an illusion of overall sound level reduction, and 
lower sound level is generally preferred in sounds such 
as these [6], [14], [17].  
Roughness was also found to be negatively correlated 
with best-worst ratings. This is in line with previous 
work suggesting negative impacts of roughness on 
preferences. However, the preference for increased 
sharpness was opposite of what we had predicted based 
on previous research. This result can be taken as a 
demonstration of how context- dependent sound 
preferences are. Studies on coffee machine noise [16] 
and car engines [28] showed a preference for reduced 
sharpness, which is what led us to the initial prediction.  
Higher sharpness means more energy concentrated in 
higher frequencies, which in turn means less energy in 
lower frequencies. Pitch, the perception of high or low 
tones, is related to size perception [29], [30], perhaps 
because large animals and objects make low sounds and 
smaller animals and objects make higher sounds. We can 
speculate that a concentration of more energy in lower 
frequencies may give an impression of greater size or 
power, which is more desired in coffee machines or car 
engines. Relatively more high-frequency energy may 
lead to a perception of a smaller, less powerful or less 
imposing object, and being smaller and less powerful 
may be preferred in hair dryers.  
It is possible that there is individual variation not 
captured by the experimental manipulation. In the study 
by Susini et al. [14] on air conditioner noise, the authors 
found that participants could be separated into two 
groups by which aspects of the sound determined their 
preferences. It could also be interesting to further 
explore across cultures. Our sample consisted mainly of 
French women; non-Western participants or men (who 
on average have shorter hair and hence less experience 
with hair dryers) may react differently to the sounds. It 
could also be interesting to explore other sounds present 
in beauty and pampering contexts to see if they follow 
similar trends regarding preferences.  

5. CONCLUSION 

The results of this study show that the organic or 
unintentional sound made by Beauty Tech devices is an 
important but underexplored area of research. One of the 
main reasons it is important is sustainability: all tech 
used in beauty and any device intended to be more 

sustainable must be carefully designed for long-term, 
regular use, in sharp contrast with more “gimmicky” 
devices that are often used for only a short time and then 
thrown away. This means paying attention to all aspects 
of the sensory experience, including both designed and 
byproduct sounds. Engineers and designers in these 
domains can take inspiration from Active Sound Design 
in the automotive industry e.g., [31], where the existing 
sound of the road and engine are altered to be more 
appealing. Specific to reaching this goal with hair dryers, 
the present study showed that small alterations of the 
frequency spectrum can increase both positive emotions 
and preference for their sounds. This study also 
demonstrates effective techniques for an original and 
cost-effective way to explore potential improvements to 
a device’s sound with a panel of consumers. The results 
of this study can inform subsequent stages of design as 
well as design of future sustainable beauty products. 

6. ACKNOWLEDGMENTS 

We thank Pablo Martin for recording and analysis of the 
original recordings, and Pierrick Pedron and Romain 
Barthelemy for normalizing and modifying the sound 
files.  

7.  REFERENCES 

[1] D. Västfjäll and M. Kleiner, “Emotion in product 
sound design,” in Proceedings of Journées Design 
Sonore, Paris, France, 2002. 

[2] J. Blauert and U. Jekosch, “Sound-quality 
evaluation - a multi-layered problem,” Acustica, 
vol. 83, pp. 747–753, 1997. 

[3] S. Romagny, T. Sault, C. Bouchet, L. Thiebaut, F. 
Vincenzi, and D. Morizet, “From noise to sound: 
Setting the base of packaging sound design for 
cosmetics by physical, sensory and cognitive 
characterization of lipstick closing sounds,” Food 
Qual. Prefer., vol. 113, p. 105058, Apr. 2024, doi: 
10.1016/j.foodqual.2023.105058. 

[4] S. Pauletto, “The sound design of cinematic 
voices,” New Soundtrack, vol. 2, no. 2, pp. 127–
142, Sep. 2012, doi: 10.3366/sound.2012.0034. 

[5] T. Stainsby and I. Cross, “The perception of 
pitch,” Oxf. Handb. Music Psychol., pp. 47–58, 
2009. 

[6] Y. Huang and Q. Zheng, “Sound quality modelling 
of hairdryer noise,” Appl. Acoust., vol. 197, p. 

5980



11th Convention of the European Acoustics Association 
Málaga, Spain • 23rd – 26th June 2025 •  

 

 

108904, 2022, doi: 
https://doi.org/10.1016/j.apacoust.2022.108904. 

[7] A. Gray and J. Markel, “A spectral-flatness 
measure for studying the autocorrelation method 
of linear prediction of speech analysis,” IEEE 
Trans. Acoust. Speech Signal Process., vol. 22, no. 
3, pp. 207–217, Jun. 1974, doi: 
10.1109/TASSP.1974.1162572. 

[8] S. Dubnov, “Generalization of Spectral Flatness 
Measure for Non-Gaussian Linear Processes,” 
Signal Process. Lett. IEEE, vol. 11, pp. 698–701, 
Sep. 2004, doi: 10.1109/LSP.2004.831663. 

[9] E. Schubert, J. Wolfe, and A. Tarnopolsky, 
“Spectral Centroid and Timbre in Complex, 
Multiple Instrumental Textures,” 2004. 

[10] E. Zwicker and H. Fastl, Psychoacoustics–Facts 
and models, 2nd Edition. Heidelberg: Springer-
Verlag, 1999. 

[11] N. Di Stefano and C. Spence, “Roughness 
perception: A multisensory/crossmodal 
perspective,” Atten. Percept. Psychophys., vol. 84, 
no. 7, pp. 2087–2114, Oct. 2022, doi: 
10.3758/s13414-022-02550-y. 

[12] S. Sato, J. You, and J. Y. Jeon, “Sound quality 
characteristics of refrigerator noise in real living 
environments with relation to psychoacoustical 
and autocorrelation function parameters,” J. 
Acoust. Soc. Am., vol. 122, pp. 314–25, Aug. 
2007, doi: 10.1121/1.2739440. 

[13] Y. Soeta and R. Shimokura, “Sound quality 
evaluation of air-conditioner noise based on 
factors of the autocorrelation function,” Appl. 
Acoust., vol. 124, pp. 11–19, Sep. 2017, doi: 
10.1016/j.apacoust.2017.03.015. 

[14] P. Susini, S. McAdams, S. Winsberg, I. Perry, S. 
Vieillard, and X. Rodet, “Characterizing the sound 
quality of air-conditioning noise,” Appl. Acoust., 
vol. 65, no. 8, pp. 763–790, Aug. 2004, doi: 
10.1016/j.apacoust.2004.02.003. 

[15] M. Boucher, S. Krishnamurthy, A. Christian, and 
S. A. Rizzi, “Sound quality metric indicators of 
rotorcraft noise annoyance using multilevel 
regression analysis,” presented at the 177th 
Meeting of the Acoustical Society of America, 
Louisville, Kentucky, 2019, p. 040004. doi: 
10.1121/2.0001223. 

[16] K. Knôferle, “Using Customer Insights to Improve 
Product Sound Design,” Mark. Rev. St Gallen, vol. 
29, Apr. 2012, doi: 10.1007/s11621-012-0124-7. 

[17] M. Zampini, S. Guest, and C. Spence, “The Role 
of Auditory Cues in Modulating the Perception of 

Electric Toothbrushes,” J. Dent. Res., vol. 82, no. 
11, pp. 929–932, Nov. 2003, doi: 
10.1177/154405910308201116. 

[18] J. J. Louviere, T. N. Flynn, and A. A. J. Marley, 
Best-Worst Scaling: Theory, Methods and 
Applications. Cambridge: Cambridge University 
Press, 2015. doi: 10.1017/CBO9781107337855. 

[19] V. Rosi, A. Ravillion, O. Houix, and P. Susini, 
“Best-worst scaling, an alternative method to 
assess perceptual sound qualities,” JASA Express 
Lett., vol. 2, no. 6, p. 064404, Jun. 2022, doi: 
10.1121/10.0011752. 

[20] H. Aizaki, support.BWS: Tools for Case 1 Best-
Worst Scaling. 2023. [Online]. Available: 
https://CRAN.R-
project.org/package=support.BWS 

[21] H. Aizaki, RcmdrPlugin.BWS1: R Commander 
Plug-in for Case 1 Best-Worst Scaling. 2023. 
[Online]. Available: https://CRAN.R-
project.org/package=RcmdrPlugin.BWS1 

[22] H. Aizaki and J. Fogarty, “R packages and tutorial 
for case 1 best–worst scaling,” J. Choice Model., 
vol. 46, p. 100394, Mar. 2023, doi: 
10.1016/j.jocm.2022.100394. 

[23] B. Mahieu, MultiResponseR: Analysis of Data 
from Multiple-Response Questionnaires. 2024. 

[24] T. M. Therneau and P. M. Grambsch, Modeling 
Survival Data: Extending the Cox Model. New 
York: Springer, 2000. 

[25] T. M. Therneau, A Package for Survival Analysis 
in R. 2024. [Online]. Available: https://CRAN.R-
project.org/package=survival 

[26] R Core Team, R: A language and environment for 
statistical computing. (2023). R Foundation for 
Statistical Computing, Vienna, Austria. [Online]. 
Available: https://www.r-project.org/ 

[27] T. Wei and V. Simko, R package “corrplot”: 
Visualization of a Correlation Matrix. 2021. 
[Online]. Available: 
https://github.com/taiyun/corrplot 

[28] H. Liu, J. Zhang, P. Guo, F. Bi, H. Yu, and G. Ni, 
“Sound quality prediction for engine-radiated 
noise,” Mech. Syst. Signal Process., vol. 56, May 
2015, doi: 10.1016/j.ymssp.2014.10.005. 

[29] I. Fernández-Prieto, J. Navarra, and F. Pons, “How 
big is this sound? Crossmodal association between 
pitch and size in infants,” Infant Behav. Dev., vol. 
38, pp. 77–81, Feb. 2015, doi: 
10.1016/j.infbeh.2014.12.008. 

[30] P. Sciortino and C. Kayser, “Steady state visual 
evoked potentials reveal a signature of the pitch-

5981



11th Convention of the European Acoustics Association 
Málaga, Spain • 23rd – 26th June 2025 •  

 

 

size crossmodal association in visual cortex,” 
NeuroImage, vol. 273, p. 120093, Jun. 2023, doi: 
10.1016/j.neuroimage.2023.120093. 

[31] M. Bodden and T. Belschner, “Principles of 
Active Sound Design for electric vehicles,” 2016. 

 

 

5982


