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Abstract

Acoustic Variables as Predictors 

of Vocal Attractiveness

Yoonji Kim

Department of Linguistics

The Graduate School

Seoul National University

The primary goal of this paper is to provide a full-fledged account of vocal 

attractiveness from phonetic perspectives. Despite its importance in phonetic and 

social domains, previous research on “vocal attractiveness” remains far from 

comprehensive. Therefore, due to the absence of comprehensive research on 

vocal attractiveness, this paper seeks to address the following research questions: 

a) what is the most reliable acoustic variable for predicting vocal 

attractiveness?, b) does sexual dimorphism have an impact on vocal 

attractiveness?, and c) how does vocal attractiveness judgment differ according 

to gender? 
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Production and perception experiments were conducted to answer these 

questions. In the production experiment, three sentences from sixty Korean 

native speakers (37 males and 23 females) were recorded. The sentences 

included the three point vowels ‘a’, ‘u,’ and ‘i’ in the form of carrier phrases. 

In the perception experiment, twenty native Korean listeners (10 males and 10 

females) scored the anonymous voices recorded during the production 

experiment using a seven-point scale with endpoints labeled strongly disagree 

and strongly agree in response to the statement: “Do you find the following 

voice attractive?”

Acoustic measures were analyzed using Praat and VoiceSauce in MATLAB. 

The full set of measures computed in this research is as follows: duration, 

H1-H2, Cepstral Peak Prominence (CPP), energy, energy range, 

Harmonics-to-Noise Ratio (HNR), vowel space, formant dispersion, f0, f0 

maximum, f0 minimum, and pitch range.

A multiple linear regression with a stepwise method and independent t-test 

were carried out for the statistical analysis. Overall results were as follows: as 

an answer for research question #a, duration was the most reliable acoustic 

measure for predicting vocal attractiveness in males and formant dispersion was 

the most reliable acoustic measure for predicting vocal attractiveness in females. 

Males with a slower speech rate and a low f0 were regarded as having an 

attractive voice. Females with a) feminine voices, b) clear and lucid voices, and 

c) voices with a higher maximum value of f0, lower minimum value of f0, and 

reduced pitch range were rated as more vocally attractive. The results for 

research question #b revealed that sexual dimorphism has a distinct effect on 
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vocal attractiveness perception. The more masculine a man’s voice (the lower 

their f0), or the more feminine a woman’s voice (the higher their formant 

dispersion), the higher their level of vocal attractiveness was perceived to be. In 

response to research question #c, the research showed that male raters tended to 

give opposite-sex benefits in assessing vocal attractiveness while female raters 

did not, instead being observed to have given higher scores to the same-sex.

Keywords : vocal attractiveness, sexual dimorphism, f0, formant 

dispersion, gender

Student Number : 2011-20044
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1. Introduction

As the primary medium for vocal human communication, voice is a key 

subject in the scientific study of human language as undertaken in linguistics. 

An analysis of a certain voice yields rich material regarding the speaker at 

hand. For example, vocal analyses may reveal information such as the gender 

(Lass et al., 1976), age (Ptacek,  Sander, 1966), physical size (van Dommelen, 

Moxness, 1995), race (Walton, Orlikoff, 1994), mate quality (Puts et al., 2007), 

and emotional state (Scherer et al., 2001) of specific speakers. The entirety of 

this information affects the impression which a voice makes on a listener. More 

significantly, each of these qualities can be used to determine how attractive a 

speaker’s voice is.

Vocal attractiveness studies have become increasingly significant in recent 

years. In addition to an attractive physical appearance, an attractive voice 

functions as a leading factor of competitiveness in modern society. In fact, 

studies have found that those with attractive voices are more likely to be 

successful in activities such as finding a mate (Hughes et al., 2004), applying 

for a job (DeGroot, T., Motowidlo, S. J., 1999; DeGroot, T., Kluemper, D., 

2007), and running for election (Cara C. Tigue et al., 2012).

The topic of vocal attractiveness first emerged in the form of the term “vocal 

attractiveness stereotype” coined by Zuckerman, M and Driver, R (1989). Based 
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on the physical attractiveness stereotype or what is also known as the “what is 

beautiful is good” stereotype (Dion et al, 1972), Zuckerman and Driver 

presented the following rationale for vocal attractiveness stereotypes: “what 

sounds beautiful is good.” This rationale proposed the idea that the 

attractiveness of a person’s voice, as well as his or her visual attractiveness, 

serves as a significant indicator in how others will view that person as an 

individual.

In the same vein, there have been several accounts that focus on the 

correlation between visual and vocal attractiveness. Lander (2008) conducted one 

such study to find that ratings of vocal and visual attractiveness were often 

positively correlated, showing an interaction between the two stimuli. Similarly, 

Collins and Missing (2003) reported on the actual correlation between vocal and 

facial attractiveness in females. Zuckerman and Sinicropi (2011) contended that 

a disparity between a person’s vocal attractiveness and physical attractiveness 

could be detrimental to the positive impressions that others form of them. 

With respect to the connection between vocal attractiveness and body 

configuration, Hughes et al. (2002) found a positive correlation between male 

vocal attractiveness and bodily symmetry. Hughes et al. (2004) even associated 

sexual behavior with ratings of vocal attractiveness as well as body 

configuration. Both males and females whose voices were rated as attractive had 

sex at an earlier age, had more sexual partners, more extra-pair copulation 

partners, and more sexual partners that were involved in a relationship with 

another person. Females with smaller shoulder-to-hip ratios (SHR) and males 

with larger waist-to-hip ratios (WHR) were rated as having an attractive voice. 



1. Introduction

- 3 -

This information yields a hormonal link in which SHR as perceived by males 

forms a positive correlation with the production of betalipoproteins, hormones 

related to testosterone formulation and muscle development (Evans, 1972). 

Kasperk et al. (1997) stated that higher androgen levels in males may contribute 

to the development of sex-related differences in skeletal morphology and muscle 

mass during puberty. Thus, from a female perspective, WHR conveys 

information about a male’s hormonal profile, reproductive maturity, fecundity, 

and health (Singh, 1993). 

There has also been a growing body of evidence in support of the link 

between vocal attractiveness and positive ratings of personality. Zuckerman and 

Driver (1989) found that vocally attractive people benefited more frequently 

from positive ratings of traits such as dominance, achievement, and likability. 

Berry (1992) also found vocally attractive people to be rated positively on 

measures of personality and competence.

Despite the importance of having an attractive voice, however, there has been 

a lack of studies that properly and comprehensively examine this subject from a 

phonetic perspective. The extent of current acoustic knowledge on vocal 

attractiveness is accordingly limited. Therefore, the primary purpose of this 

paper is to provide an extensive account of vocal attractiveness from phonetic 

perspectives. 

The paper is organized as follows. The first chapter discusses the significance 

and main purpose of the study. The second chapter deals with previous 

literature on vocal attractiveness and presents three research questions. The third 

chapter documents the perception experiment conducted to answer research 
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question #3 and presents concrete answers to research question #3 on the basis 

of the results of the experiment. The fourth chapter deals with the production 

experiment carried out to produce perception stimuli, leading to answers to 

research questions #1 and #2. Also provided are the results of the production 

experiment and the implications of such findings. The final chapter recapitulates 

the major findings of the thesis and subsequently summarizes the contributions 

and implications of the research in addition to recommending subjects for future 

study within the topic of vocal attractiveness.
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2. Literature Review

This chapter briefly lays out the arguments made in previous literature on 

vocal attractiveness. The chapter first discusses relevant issues concerning vocal 

attractiveness and its related acoustic features before moving on to the concept 

of sexual dimorphism and discussing sexually dimorphic acoustic parameters 

which can represent vocal differences according to gender.

2.1 Vocal Attractiveness

Several studies have focused on the relationship between the vocal 

attractiveness and acoustic parameters. Xuan Liu and Yi Xu (2011) used 

utterances produced by a female British speaker with three vocal qualities—

normal, breathy, and pressed—and acoustically manipulated their formant shift 

ratio, pitch shift, and final F0 slope. The results showed voice quality to be the 

most effective acoustic cue for female vocal attractiveness. In this study, the 

main characteristics of an attractive female voice were breathiness and a high 

pitch produced from a short vocal tract, both of which served to project a 

small body size. 

In addition to voice quality, previous literature on the subject of vocal 
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attractiveness has discussed Voice-Onset-Time (VOT) from an evolutionary and 

physiological point of view. Feinberg et al. (2006) mentioned that women’s 

preference for masculine-sounding men is enhanced during their fertile menstrual 

cycle phase. VOT has been demonstrated to vary during women’s menstrual 

cycles so that those who are at their reproductive peak have longer VOTs than 

when demonstrating their lowest fertility levels (Whiteside, Hanson, Cowell, 

2004; Wadnerkar, Cowell, Whiteside, 2006). This is presumably related to 

similar observations that women at the peak of their reproductive cycles are 

rated as being more vocally attractive (Pipitone & Gallup, 2008). 

From a biological perspective, Laetitia Bruckert et al. (2010) stated that 

averaging voices via auditory morphing produced voices which were perceived 

as more attractive than the original voices regardless of the speaker’s or 

listener’s gender. The study attributed this phenomenon to two independent 

by-products of averaging: a smoother voice texture characterized by a higher 

Harmonics-to-Noise Ratio and a greater similarity to the vocal average in terms 

of pitch and timbre. These results were interpreted as the primary evidence for 

arguing that averaging increases vocal attractiveness in a phenomenon similar to 

the well-established effects of facial averaging (Jastrow, J. 1885; Langlois, J.H. 

& Roggman, L.A., 1990) However, the research remains unclear as to the 

linguistic background of the recorded speakers and is limited in that only a few 

acoustic parameters were considered in the course of the study. 
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2.2 Sexual Dimorphism

Sexual dimorphism refers to the difference between two sexes of a species in 

terms of external appearance or other features (Katherine Ralls & Sarah 

Mesnick, 2009). According to Darwin (1871), most sexual dimorphism occurs 

due to sexual selection, a mechanism used by organisms to gain an advantage 

in reproduction. For example, females might choose to mate with highly 

ornamented males (e.g., the peacock’s tail) or males might develop 

characteristics useful for fighting other males in order to win access to females 

(e.g., large body size and antlers in deer). Consequently, sexual selection is 

responsible for those gender differences regarded as favorable for reproduction 

between males and females within a species.

In order to account for the large range of sexual dimorphism in human vocal 

anatomy, Puts et al. (2012) suggested three sexually dimorphic acoustic 

parameters: f0, monotonicity, and formant structure. Mean fundamental 

frequency, which also refers to voice pitch, is approximately twice as high in 

women as in men—a difference of approximately 5 SDs (Baken, 1987; Puts, 

Apicella, Cardenas, 2012). Monotonicity measures the variation in f0 across an 

utterance (f0 − s.d.). It has been pointed out that men speak in a more 

monotonous tone—that is, the standard deviation in fundamental frequency 

across an utterance is lower in men than in women (Henton, 1995; Puts, 

Apicella, Cardenas, 2012). Formant frequencies, which affect perceptions of 

voice timbre (Cleveland, 1977), are more closely spaced in men than in women 

(Rendall, Kollias, Ney, Lloyd, 2005). This spacing, called formant dispersion 
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(Fitch, 1994), is the most widely-known measure for measuring formant 

structure.

Many studies have centered on fundamental frequencies due to the fact that 

the low-pitched f0 in men is more easily distinguished compared to other 

sexually differentiated acoustic properties. It has generally been believed that 

male voices with a low f0 are found to be attractive (Feinberg et al., 2005) 

while female voices with a high f0 are rated as being attractive (Xuan Liu & 

Yi Xu, 2011). However, in recent findings by Susan Hughes et al. (2010) 

observed that both men and women lowered the pitch of their voices when 

addressing someone they found attractive in order to communicate interest. 

Building on such results, Hughes indicated that the motivation to display a 

sexually appealing or seductive female voice may conflict with the motivation 

to sound more feminine. When a woman instinctively lowers her voice, her 

doing so may be perceived as an attempt to sound more attractive, and as a 

result, serves as a signal of her romantic interest. 

Fundamental frequency has also been discussed in terms of its link with 

dominance in that a low-pitched masculine voice increases ratings of men’s 

physical and social dominance (Puts et al., 2012). Puts et al. suggested that a 

low voice made men more sexually attractive to women near peak fertility in 

their cycles. The study further reported that men who believed they were more 

physically dominant than their competitor lowered their voice pitch when 

addressing competitor, whereas men who believed themselves to be less 

dominant than their competitor raised their voices. 

In the context of business, William J. Mayew and Mohan Venkatachalam 
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(2012) performed a study dealing with the pitch of the voices of male chief 

executive officers (CEO). The study illustrated that voice pitch predicts labor 

market success among male CEOs. A 1% decrease in voice pitch was 

associated with a $30 million increase in the size of the firm managed, and, in 

turn, $19 thousand more in annual compensation. 

Formant dispersion has also been introduced as a reliable predictor of body 

size in macaques and a possible indicator of the same in many other species. 

Previous research suggests that formant dispersion is closely related to both 

vocal tract length and body size (Fitch, 1997). Puts et al. (2007) associated this 

property with male dominance, arguing that men’s vocal folds and vocal tracts 

are longer than those of women and therefore exhibit a lower fundamental 

frequency (f0) and closer spacing of formant frequencies (formant dispersion) 

than woman. Puts et al. (2007) manipulated f0 and formant dispersion and 

revealed that recordings lowered in either f0 or formant dispersion were 

perceived as being produced by more dominant men than were the respective 

recordings when raised. Formant dispersion had a greater effect on perceptions 

of male dominance than did f0.

The relationship between f0, formant dispersion, and vocal tract length has 

also been a topic of academic discussion. Several articles have reported that 

vocal tract length can predict formant frequency position and dispersion (Fant 

1960; Fitch & Hauser 1995). Titze (2000) stated that f0 was inversely related 

to vocal fold length, which is 60% longer in men than in women. Formant 

dispersion was found to be inversely related to vocal tract length (Fitch & 

Hauser, 1995), which is greater in men than in women, both on absolute terms 
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and relative to height (Fitch & Giedd, 1999).

This study employed f0 and formant dispersion as its acoustic variables, both 

of which were expected to exhibit vocal differences between males and females.

A survey of previous research suggests that phonetic research on vocal 

attractiveness remains far from comprehensive. Moreover, little has been done to 

examine the relationship between sexual dimorphism and vocal attractiveness. 

Therefore, due to the absence of comprehensive research on this topic and the 

scantiness of research on vocal attractiveness in association with evolutionary 

issues, this paper seeks to address the following three research questions.

Research Question #1: what is the most reliable acoustic variable for 

predicting vocal attractiveness? Given the fact that there is still no agreement 

on what constitutes the most effective acoustic predictor of vocal attractiveness, 

this study will explore acoustic measures mentioned in previous literature and 

considered in order to predict listeners’ judgment of vocal attractiveness on the 

basis of phonetic intuition.

Research Question #2: does sexual dimorphism have an impact on vocal 

attractiveness? This question was motivated by an article published in Nature 

(D. I. Perrett et al., 1998) entitled “Effects of sexual dimorphism on facial 

attractiveness.” D. I. Perrett et al. found that both female and male faces 
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benefit from a youthful appearance when being judged on attractiveness. In both 

males and females, enhancing sexual dimorphism in face shape developed cues 

for characteristics which appear beneficial, such as youth and fertility in females 

and dominance in males. Considering that physical attractiveness is influenced 

by sexual dimorphism, it seems reasonable to assume that sexual dimorphism 

may also have an effect on vocal attractiveness.

Research Question #3: how do assessments of vocal attractiveness differ in 

relation to gender? If sexual dimorphism does impact vocal attractiveness, it 

stands to reason that there will be gender-based differences to take into account 

when assessing vocal attractiveness. Thus, this question focuses on the influence 

of gender in terms of human voice perception—in other words, how human 

beings perceive the voices of speakers of the same-sex and speakers of the 

opposite-sex.
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3. Experiment 1: Perception Experiment

3.1. Method

The experiment described in this chapter was performed to explore the extent 

of gender-related influence on vocal attractiveness assessment as posited in 

research question #3: how do attractiveness ratings of vocal attractiveness differ 

according to gender? A perception experiment was carried out to determine the 

attractiveness of recorded voices. Korean-speaking listeners were asked to rate 

the vocal attractiveness of the stimuli recorded in the second experiment.

3.1.1. Subjects

The participants in this experiment were 10 males and 10 females in their 

20s and 30s from Gyeonggi-do and Seoul who did not take part in the first 

experiment. All reported normal hearing. Subjects received $10 for their 

participation.
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3.1.2. Stimuli

The stimuli were created from recordings of the three sentences “na-neun 

‘a’-ra-go haed da,” “na-neun ‘u’-ra-go haed da,” and “na-neun ‘i’-ra-go haed 

da,” all of which were obtained in the second experiment. Praat’s 

ExperimentMFC was employed to design the experiment.

3.1.3. Procedure

The subjects were instructed to listen to the stimuli through headphones and 

rate how attractive each sentence sounded on a seven-point scale with endpoints 

labeled strongly disagree and strongly agree underneath the statement “Do you 

find the following voice attractive?”. The scale of 1-7 was formulated on the 

basis of Ferdenzi C. et al. (2013). The stimuli were presented in random order. 

Raters could hear the stimuli as many times as they wished before selecting 

their response. The experiment took place in various quiet locations using a 

laptop computer.

3.1.4. Statistical Analysis

SPSS was used to perform an independent t-test, determining whether there 

was a statistically significant difference between the vocal attractiveness ratings 

within male and female gender groups. The normality of data was assessed to 

verify the assumption that the dependent variable would display an 

approximately normal distribution within each group. The output of the 
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Shapiro-Wilk test and a normal Q-Q plot were examined to determine normality 

both numerically and graphically. 

3.2. Results and discussion

Two independent t-tests were carried out on the attractiveness scores harvested 

during the study for the purpose of verifying the effect of gender on vocal 

attractiveness assessment. In the first case (Figure 5), male raters assessed male 

and female voices. The p-values .088 (Figure 1) and .224 (Figure 3) from the 

Shapiro-Wilk test of normality are both greater than 0.05, which implies that 

the score distributions for male and female populations are both normal. 

According to the graphs in Figure 2 and Figure 4, the data closely follows the 

diagonal line and therefore appears to exhibit normal distribution.

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk

Statistic Df Sig. Statistic Df Sig.

Mrater .124 37 .159 .949 37 .088

a. Lilliefors Significance Correction

Figure 1. Test of Normality in which male raters assessed male voices
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Figure 2. Normal Q-Q Plot in which male raters assessed male voices

Tests of Normality
Kolmogorov-Smirnova Shapiro-Wilk

Statistic Df Sig. Statistic Df Sig.
Mraterf .118 23 .200* .944 23 .224

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Figure 3. Test of Normality in which male raters assessed female voices
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Figure 4. Normal Q-Q Plot in which male raters assessed female voices

Figure 5. Independent t-test in which male raters assessed male and female 
voices
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Figure 6. Boxplot of male voices

On the basis of equal variances, there is a significant p-value difference of 

0.004 between the mean scores which males gave to males and to females in 

Figure 5. This indicates that males rate male and female voices in a different 

manner. The boxplot in Figure 6 shows that when male raters rated female 

voices (that is, voices of the opposite sex), they tended to give much higher 

scores compared to when they rated male voices (voices of the same sex). 

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk

Statistic Df Sig. Statistic Df Sig.

Frater .150 37 .035 .948 37 .082

a. Lilliefors Significance Correction

Figure 7. Test of Normality in which female raters assessed male voices
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Figure 8. Normal Q-Q Plot in which female raters assessed male voices

Tests of Normality
Kolmogorov-Smirnova Shapiro-Wilk

Statistic Df Sig. Statistic df Sig.
Fraterf .139 23 .200* .956 23 .384
*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Figure 9. Test of Normality in which female raters assessed female voices
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Figure 10. Normal Q-Q Plot in which female raters assessed female voices

Figure 11. Independent t-test in which female raters assessed male and female 
voices
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Figure 12. Boxplot of female voices

Prior to investigating the t-test result of female raters, the Shapiro-Wilk 

normality test scores indicated normal distribution both in cases where female 

raters assessed male voices [.082 (male voice, Figure 7)] and in cases where 

they assessed female voices [.384 (female voice, Figure 9)]. Since the data 

points were close to the diagonal line in both cases in Normal Q-Q plot 

(Figure 8, Figure 10), rather than straying from the line, it can be concluded 

that the data were normally distributed.

In the case of females rating both male and female voices (Figure 11), the 

p-value was much higher than 0.05, showing that the manner in which females 

rate the attractiveness of a voice does not significantly differ according to the 

gender of the voice being rated. The boxplot in Figure 12 demonstrates that 

females in fact gave higher scores to the same sex (other females) than to the 
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opposite sex (males).

Male voice Female voice Difference
Male rater 3.697 4.304 0.607

Female rater 3.777 4.161 0.384

Table 1. Average score given to each gender by male and female raters

As shown in Table 1, a comparison of male and female raters in terms of 

the average score that they gave to male and female voices reveals both male 

and female raters giving higher scores to females than to males.

Based on the independent t-test, males and females showed different results 

for research question #3: how do assessments of vocal attractiveness differ in 

relation to gender? While males gave females the greater benefit by rating them 

more favorably, females did not give out higher scores to males on account of 

their gender but rather tended to make more gender-neutral judgments. This 

suggests that females have no particular aversion toward other females’ voices, 

which explains why female voices are considered preferable for information 

broadcasts in public places such as the subway or department stores. Such 

results demonstrate noteworthy characteristics in relation to gender-differentiated 

perceptions of vocal attractiveness. 

These findings are of particular importance given that there have been no 
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previous studies on how humans perceive voices of the same sex and the 

opposite sex. The effect of gender on speech perception provides significant 

data for further research in the fields of audiology, hearing sciences, gender 

studies, and psychology. 
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4. Experiment 2: Production Experiment

4.1. Method

The second experiment was a production experiment in which complete 

sentences were recorded by native Korean speakers to create perception stimuli. 

Perception stimuli were generated to examine the mechanisms of vocal 

attractiveness from two different aspects in combination with the results from 

the first experiment: 1) to discover the most effective acoustic predictors of 

vocal attractiveness (research question #1) and 2) to test the idea whether 

sexual dimorphism influences vocal attractiveness (research question #2). 

4.1.1. Subjects

Participants included a total of 60 Korean speakers in their 20s and 30s 

(37 males and 23 females) from Gyeonggi-do and Seoul. All of the participants 

were capable of giving informed consent to their participation in the experiment 

and none reported speech or hearing problems. Each of the participants received 

$5 for their participation.
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4.1.2. Materials

The test subjects were asked to say the following sentences, each of 

which was recorded twice: “na-neun ‘a’-ra-go haed da (≈I said ‘a’),” “na-neun 

‘u’-ra-go haed da (≈I said ‘u’),” and “na-neun ‘i’ ra-go haed da (≈I said ‘i’).” 

The vowels ‘a,’ ‘u,’ and ‘i’ were used inside the carrier phrases due to their 

being corner vowels (point vowels) which exhibit maximal dispersion on a 

graph with the 2nd formant as the x-axis and the 1st formant as the y-axis.

na-neun ‘a’-ra-go haed da (≈I said ‘a’).

na-neun ‘u’-ra-go haed da (≈I said ‘u’).

na-neun ‘i’-ra-go haed da. (≈I said ‘i’).

Table 2. Sentences recorded in experiment 2

4.1.3. Recordings

The recordings took place in a sound-attenuated room at the Seoul National 

University Phonetics Lab using the Shure WH30XLR Condenser Headset 

Microphone and US-122 from TASCAM for audio interfacing. The Shure 

WH30XLR Headset Microphone was chosen because it provided freedom of 

movement for the subjects. The US-122 from TASCAM used for audio 

interfacing featured two XLR-based, phantom-powered microphone inputs.
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Acoustic parameter Measure Description

1 Duration Length of the three 

sentences without any 

pauses (ms)

· Speech rate

2 H1-H2 Mean H1-H2 for /a/ 

tokens (dB)

· Spectral tilt

· Amplitude of the 

first harmonic minus 

the second (dB)

· Phonation type
3 Cepstral Peak 

Prominence

(CPP)

Mean CPP for /a/ tokens 

(dB)

· Periodicity

· Breathiness

4 Energy Mean Energy for the 

three sentences

· Intensity

5 Energy Range Difference in maximum 

energy and minimum 

energy across the three 

· Range of sound 

intensity

4.1.4. Acoustic Analysis

On the basis of the source-filter theory (Fant, 1960), which argues that 

speech relies on having both a source of sound and a means to shape or filter 

that sound, the full set of acoustic measures in this research was designed to 

consist of duration, H1-H2, Cepstral Peak Prominence (CPP), energy, energy 

range, Harmonics-to-Noise Ratio (HNR), vowel space, formant dispersion, f0, f0 

maximum, f0 minimum, and pitch range (Table 3).
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sentences
6 Harmonics-to-Noise

Ratio (HNR)

Mean HNR for /a/ tokens · Hoarseness

7 Vowel Space Area of a triangle formed 

by /a, i, u/ on the 

coordinate plane of f1*f2 

· Accuracy of 

articulation

8 Formant Dispersion Mean formant dispersion 

for /a/, /i/, /u/ tokens

· Average distance 

between successive 

formants 

· Sexually dimorphic 

acoustic parameter
9 Fundamental 

Frequency

Mean f0 for the three 

sentences (semitone)

· Average pitch

· Sexually dimorphic 

acoustic parameter
10 f0 maximum Mean f0 maximum for 

the three sentences 

(semitone)

· Averaged 

maximum value of 

pitch
11 f0 minimum Mean f0 minimum for the 

three sentences (semitone)

· Averaged minimum 

value of pitch
12 Pitch Range Difference between f0 

maximum and minimum 

across the three sentences 

(semitone)

· f0 range

Table 3. Acoustic parameters and measurements used in the study

The ‘a’ being the only sound needed to measure phonation (H1-H2, HNR, 

CPP) in the acoustic analysis, ‘a’ was extracted as ‘na,’ ‘a,’ ‘ra,’ and ‘da’ from 

the sentence “na-neun ‘a’-ra-go haed da.” Eight tokens were extracted per 
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person, and for the formant dispersions or vowel spaces which needed formants, 

tw0 tokens each of ‘u’ and ‘i’ were extracted in addition to the ‘a’ tokens 

from “na-neun ‘u’-ra-go haed da” and “na-neun ‘i’-ra-go haed da.” The three 

sentences heard by the raters were analyzed in their entirety to measure 

duration, energy (average energy, energy range), f0 (average f0, f0 maximum, f0 

minimum), and pitch range.

The vowels were extracted using Praat and converted into individual TextGrid 

objects. The objects were subsequently loaded in VoiceSauce, an application 

implemented into and run in MATLAB, upon which their acoustic variables 

were calculated. In the values extracted in MATLAB, the averages of values 

5ms forward and backward from the center of each vowel were used in 

addition to the averaged values of f0 and energy from the three sentences heard 

by the raters. 

The study used twelve acoustic measures expected to be associated with vocal 

attractiveness based on previous literature and phonetic intuition. The 

measurements of each parameter and grounds for the selection of the twelve 

acoustic measures are as follows. 

4.1.4.1. Duration

Duration (ms) refers to the perceived length of a whole utterance with any 

pauses between consecutive sentences removed. The duration of each subject’s 

utterance across the three recorded sentences was computed using the Praat 

script function for, syllable nuclei detection (De Jong, N.H., Wempe, T., 2009). 
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Duration is a variable related to speech rate (number of syllables / total time), 

and was included in order to ascertain out whether the speaker’s speech rate 

had any effect on his or her vocal attractiveness.

4.1.4.2. H1-H2

H1-H2, as one of the most representative measurements of spectral tilt, was 

measured to explore the correlation between phonation type and vocal 

attractiveness. Based on the supposition that breathiness is the most salient 

characteristic of female vocal attractiveness (Xuan Liu, Yi Xu, 2011), the study 

used H1-H2 to determine whether this relationship holds true. H1-H2 was 

utilized as H1-H2(*), the corrected form of H1-H2, in order to exclude the 

effects of vowel formants (frequencies and bandwidths).

More specifically, H1-H2 is the amplitude of the first harmonic minus the 

second (dB) and serves as an indicator of the relative length of the opening 

phase of the glottal pulse (Hanson, 1997). Commonly used as an index of 

phonation type, it is expected to be large and positive for breathy voices and 

small and positive or negative for creaky voices (Epstein, M.A., B. Payri., 

2001).
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Figure 13. H1-H2 analysis of /a/ in two different positions (Yoon et al., 2012)

4.1.4.3. Cepstral Peak Prominence (CPP)

Cepstral Peak Prominence (CPP) was measured in order to determine whether 

vocal periodicity affects a person’s judgment of vocal attractiveness. The results 

of this study showed the periodic speech displays clearly distributed harmonics 

and thereby produces a clear and lucid voice. Unlike HNR, which provides its 

values according to a certain frequency range, CPP covers the entire range of 

frequencies (Yen- Liang Shue, 2011).

  CPP is normally explained using the concept of cepstrum and spectrum 

(Blankenship B., 2002). A cepstrum is a second-order spectrum generated by 

taking the fast fourier transform (FFT) of the log magnitude values of a power 

spectrum. The dimensions of a cepstrum are quefrency (in seconds) and 
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gamnitude (in dB). The spectrum of a periodic signal shows well-defined 

harmonics; its cepstrum has a prominent peak at a quefrency corresponding to 

the duration of the f0 cycle. Less periodic signals—such as those often 

produced in breathy phonation—have a spectrum with less definite harmonics, 

resulting in a cepstrum with a low peak. If modal phonation is assumed to be 

more periodic than either breathy or laryngealized phonation, modal vowels 

would be expected to exhibit higher cepstral peaks. However, this measure is 

unreliable in the case of rapid pitch changes and irregular vibration in the vocal 

folds of a modal vowel.

Figure 14. Difference between spectrum and cepstrum depending on the 

breathiness of the voice; modal voicing (above), breathy voice (below) 

(Hillenbrand J, Houde RA, 1996)
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4.1.4.4. Energy, Energy Range

Energy indicates speech intensity, which stands for the perceived loudness of 

a speech. Energy can also be related to a speaker’s degree of confidence in 

their speech. Parton et al. (2002) specified that the more powerfully one speaks, 

the more competent they are and the higher their rate of employability in an 

occupational context. Thus, energy was considered to be related to vocal 

attractiveness and included as one of the variables in the study. Additionally, 

the range of energy, which is the difference between the maximum value of 

energy and minimum value of energy in the entirety of the utterances, was 

computed based on phonetic intuition.  

In VoiceSauce, energy is measured by using the Root Mean Square (RMS) 

method, which measures the extent of sound dispersion. Energy is calculated at 

every frame over a variable window equal to five pitch periods. The variable 

window effectively normalizes the energy measure with f0 to reduce the 

correlation between the two (Yen-Liang Shue, 2011).

4.1.4.5. Harmonics-to-Noise Ratio (HNR)

Harmonics-to-Noise Ratio (HNR) was included as an index of degree of 

hoarseness (Yumoto E et al., 1982) under the hypothesis that the more attractive 

a voice is, the lower its level of breathing noise and the clearer its sound 

would be. Since HNR has been proved to be an index of vocal aging (Ferrand 

CT, 2002) and vocal attractiveness is likely to increase in the case of a 

youthful voice as in findings on facial attractiveness (the younger the facial 
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appearance, the more attractive the face appears), HNR could be an important 

key to verify the relationship between a youthful-sounding voice and an 

attractive voice. Specifically, in Ferrand CT (2002), significant differences in 

HNR were observed between elderly women and younger groups, with the 

elderly speakers displaying a substantial lowering of HNR. 

The HNR variable was measured in VoiceSauce using the algorithm in de 

Krom (1993). HNR measurements are computed with a variable window length 

equal to five pitch periods by filtering the pitch component of the cepstrum and 

comparing the energy of the harmonics with the noise floor. VoiceSauce 

provides HNR05 to measure the HNR for 0-500Hz, HNR15 to measure the 

HNR for 0-1500Hz, and HNR25 to measure the HNR for 0-2500Hz. This study 

used the average values of HNR for 0-500Hz, HNR for 0-1500Hz, and HNR 

for 0-2500Hz. 

Figure 15. Harmonics-to-Noise Ratio (HNR) as an index of the degree of 

hoarseness; (a) modal voicing, (b) breathy voice (Kumara Shama et al., 2007)
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4.1.4.6. Vowel Space

Vowel space—in other words, the area of the triangle—was measured to 

investigate whether accuracy of articulation has an influence on vocal 

attractiveness. Vowel space was identified by locating the coordinates for ‘a’, 

‘i,’ and ‘u’ on the coordinate plane of f1*f2. The following geometric 

coordinate formula was used to compute the area of a triangle on a chart of 

F1 (on the y-axis) against F2 (on the x-axis).

Figure 16. Formula for the area of a triangle used in the study

4.1.4.7. Formant Dispersion

This study used formant dispersion in tandem with fundamental frequency as 

formant dispersion is capable of displaying gender difference as a sexually 

dimorphic acoustic feature (Puts et al., 2012). Formant dispersion refers to the 

average distance between each adjacent pair of formants. This variable was 

computed using the following formula: 
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Df is the formant dispersion (in Hz), N is the total number of formants 

measured, and Fi is the frequency (in Hz) of formant i (Fitch, 1997). This 

study used three vowels, ‘a,’ ‘i,’ and ‘u’ to calculate formant dispersion 

following previous studies which used the average value of multiple vowels. 

4.1.4.8. Fundamental Frequency (F0), F0 maximum, F0 minimum

Fundamental frequency (f0) was included under the assumption that formant 

dispersion and f0 would reflect differences in vocal attractiveness according to 

gender as suggested in the earlier studies mentioned in chapter 2. The f0 was 

converted to semitone and rounded up to two decimal places as shown in the 

following equation:

The average maximum value of f0 and average minimum value of f0 were 

also measured to examine their relationship with vocal attractiveness ratings. 

VoiceSauce estimates the location of harmonics to compute fundamental 

frequency. There are three different programs that VoiceSauce can utilize to 

make measurements of f0: STRAIGHT (Kawahara, H., Masuda-Katsuse, I., de 

Cheveigne, A., 1999), the Snack Sound Toolkit (Sjölander, K. 2004), and Praat 



4. Experiment 2: Production Experiment

- 35 -

(Boersma, P.,Weenink, D. 2008), which offers a choice of autocorrelation and 

cross-correlation algorithms (Yen-Liang Shue, 2011). The study adopted the 

STRAIGHT algorithm to estimate the fundamental frequencies of the speakers.

4.1.4.9. Pitch Range

Pitch range (i.e. f0 range), which indicates the difference between f0 

maximum and minimum in the semitones for each speaker, is tested on the 

basis of its having been revealed to be associated with perception ratings of 

friendliness and happiness (Lucy Noble, Yi Xu, 2011). Lucy Noble and Yi Xu 

(2011) demonstrated that perceived friendliness and happiness increase with 

expanded pitch range. Pitch range was also found relevant in that female voices 

with average or narrow pitch ranges were perceived as more attractive (Yi Xu 

et al., 2013). In this research, the pitch range over the three sentences was 

captured by measuring the difference between the averaged f0 maxima and 

minima in semitones.

4.1.5. Statistical analysis

The R statistical analysis package was used to conduct a multiple linear 

regression using the stepwise method. The multiple linear regression was 

performed to determine the most effective predictor among all the acoustic 

variables measured. The subgroup that best described the dependent variable was 

identified using the stepwise method as one of the variable selection methods; 
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another multiple regression analysis was then carried out using the independent 

variables extracted from the subgroup in order to distinguish the significant 

variables for the dependent variable.

In the stepwise regression, a total of 12 acoustic variables (H1-H2, CPP, 

energy, energy range, HNR, formant dispersion, vowel space, f0, f0 maximum, 

f0 minimum, pitch range, and duration) were set as the independent variables, 

and the average score of vocal attractiveness was set as the dependent variable. 

HNR in females and energy range in both genders were deleted due to the 

detection of multicollinearity problems. The recorded voices were divided into 

male and female voices. Two samples in male voices were ignored because 

MATLAB failed to extract certain acoustic variables from those two samples. 

Three other samples from the male voices and two more samples from the 

female voices were removed as regression outliers.

As several dependent variables extracted from the stepwise regression in both 

male and female voices were significant and in different units, extra multiple 

regressions were done using standardized variables converted into a z-score to 

compare the relative influence of independent variables on vocal attractiveness. 

In other words, a regression analysis of the standardized value of selected 

independent variables from the stepwise regression was performed against the 

standardized mean vocal attractiveness ratings.
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4.2. Results and discussion

This section begins with the descriptive statistics of male and female voices 

and goes on to examine the results of the multiple linear regression with the 

stepwise method. Furthermore, this section presents explanations and illustrated 

answers for research questions #1 and #2 as set forth in chapter 2. 

Table 4. Descriptive statistics of male voices

Table 5. Descriptive statistics of female voices
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Figure 17. Stepwise regression analysis in which raters assessed the 

attractiveness of male voices
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Figure 17 shows that the stepwise regression model of male voices showed a 

valid significance level of 0.05 (p=0.001199). In terms of the effects of the 

individual variables, duration showed a statistically significant relationship with 

attractiveness ratings (p=0.000907). Provided that vowel space and f0 are 

controlled, it can be concluded that a 5ms increase in duration contributes to an 

approximate four point increase in vocal attractiveness ratings. F0, also proved 

to be a significant predictor, was estimated to have a negative value, so that 

the lower the f0, the higher the attractiveness score would be. Presupposing that 

duration and vowel space are controlled, the estimate value of f0 suggests that 

a ten semitone (≒15hz) decrease in f0 contributes to an approximate one point 

increase in vocal attractiveness ratings. 



Acoustic Variables as Predictors of Vocal Attractiveness

- 40 -

Figure 18. Multiple regression analysis using standardized z-score values 

of male voices
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As shown in Figure 18, duration was a stronger predictor of vocal 

attractiveness than f0 in terms of the relative importance between the two 

statistically significant variables. A comparison of the absolute estimate values 

of duration and f0 showed the former to have greater value than the latter.

The results of the multiple regressions of male speakers lead the conclusion 

that duration is the most reliable variable for predicting vocal attractiveness in 

males, thereby answering research question #1: what is the most reliable 

acoustic variable for predicting vocal attractiveness? As duration in males has a 

positive correlation to vocal attractiveness, a slower rate of speech in a male 

would translate into a more attractive vocal score. 

The higher vocal attractiveness rating of males with a slower rate of speech 

is an unsurprising finding given the fact that most people instinctively view 

males with a slow speech rate as serious and reliable. However, previous 

studies done by Ferdenzi C. et al. (2013) and Hughes et al. (2008) suggest no 

effect of duration on attractiveness perception. While observing the effect of 

duration on vocal attractiveness perception, Ferdenzi C. et al. (2013) used 

non-manipulated, shortened, and lengthened duration versions of audio samples 

with /i/, /a/, and /o/ within a three-vowel sequence and the word “bonjour” in 

order to determine whether manipulating the duration of a voice sample affects 

its perceived attractiveness. As a result, the study found that the duration of the 

non-manipulated sound sample was not predictive of perceived attractiveness, but 

that lengthening the samples did affect attractiveness perception, with shortened 

sample duration being preferred to lengthened duration. Furthermore, lengthening 

duration had a negative effect on attractiveness ratings, which, according to 



Acoustic Variables as Predictors of Vocal Attractiveness

- 42 -

authors, is a phenomenon supposedly derived from the side effects of the 

PSOLA (Pitch Synchronous Overlap and Add) manipulation algorithm used in 

the study, which made the sample sound more unnatural than the 

non-manipulated one. The results of this study appear to be in contrast with 

those of the present study. However, given that Ferdenzi C. et al. (2013) 

measured duration using single vowels and words uttered by French speakers 

regardless of gender, whereas the present study measured duration using 

sentences produced by Korean speakers and reported only the speech of male 

speakers showing a significant correlation between duration and attractiveness 

ratings, further research is required to definitively determine whether or not 

longer duration produces a more attractive male voice.

Considering that rate of speech is relevant to the listener’s impression of 

fluency—a faster speech delivery results in higher fluency scores (Segalowitz, 

Freed, 2004; Towell et al., 1996)—the findings of the present study may be 

contradictory to the common notion that faster speech is perceived as 

unattractive in males. Thus, it is highly probable that fluency shares an inverse 

proportion to attractiveness. Further research should be directed at determining 

the relationship between vocal attractiveness and fluency. Moreover, due to the 

fact that speech in a certain language could exhibit rhythmicity across 

utterances, the Pairwise Variability Index (PVI), widely used as a metric for 

quantifying rhythm in languages (Nolan F, Asu EL., 2009), should be 

considered as a possible predictor of vocal attractiveness.

In addition to duration, f0 was also a strong predictor in males; the lower 

the f0, the more attractive the male voice became. This finding lends support to 
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arguments made in previous literature that men with lower-pitched voices are 

found to be more attractive (Collins, 2000; Feinberg, DeBruine, Jones, Little, 

2008; Jones, B.C. et al., 2010). The fact that males have a low f0 means that 

they are capable of using high frequencies to speak in a louder and more 

resonant voice compared to females even when they do not make a conscious 

effort to do so.
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Figure 19. Stepwise regression analysis in which raters assessed the 

attractiveness of female voices
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The results of the stepwise regression analysis of female voices (Figure 19) 

show that the regression model was significant and that formant dispersion was 

a significant variable for vocal attractiveness with a p-value of 0.00292 

(p<0.05). As the estimate for formant dispersion was a positive value, an 

increase in formant dispersion translated into a corresponding increase in the 

speaker’s attractiveness score. 

In addition to formant dispersion, CPP, the maximum value of f0, the 

minimum value of f0, and pitch range were also significant. As shown in 

Figure 20, formant dispersion had the greatest effect on vocal attractiveness 

ratings (estimate≈0.7) among the five significant factors in the stepwise 

regression of female voices.

Under the presumption that the other four variables are controlled, a 100Hz 

increase in formant dispersion contributes to an approximate 0.5 point increase 

in vocal attractiveness ratings. Considering the fact that female formant 

dispersion ranges from approximately 1454 Hz to 1926 Hz (Table 5), this 

increase rate clearly represents formant dispersion as having a significant effect 

on vocal attractiveness.

Subsequently, higher CPP correlated with female voices being perceived as 

more attractive (Figure 19). If it is presumed that the other four variables are 

controlled, a 5dB increase in CPP (Figure 19) contributes to an approximate 

one point increase in vocal attractiveness ratings.

The positive correlation for the maximum value of f0 (Figure 19) indicates 

that voices with a higher maximum value of f0 were perceived as more 

attractive in females. The negative correlation for the minimum value of f0 
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(figure 19) implies that voices with a lower minimum value of f0 correspond to 

a more attractive female voice. Female voices with a reduced pitch range were 

also rated as more attractive. 
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Figure 20. Multiple regression analysis using standardized z-score values 

of female voices
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Consequently, the study concluded in response to research question #1 that 

formant dispersion was the most reliable variable for predicting vocal 

attractiveness in females. As formant dispersion is positively correlated to vocal 

attractiveness, it can be concluded that the wider the gaps between formants 

are, the more attractive a female voice becomes. The discovery that female 

voices with widely dispersed formants are considered more attractive is in line 

with previous literature, but is also unique in that voice quality rather than 

formant dispersion was by far the most important attribute in previous studies 

(Yi Xu et al., 2013).

In addition, higher CPP equated itself with a higher rate of vocal 

attractiveness in females due to the fact that the female vocal fold becomes 

tenser with increasing CPP, resulting in a clear and lucid voice. This finding is 

in contrast with those reported in other studies (Xuan Liu, Yi Xu, 2011; Yi Xu 

et al., 2013), which described breathy female voices to have been considered 

the most attractive. 

The finding that female voices with a reduced pitch range were found to be 

more attractive is analogous to previous findings by Yi Xu et al. (2013) which 

stated that attractive male and female voices exhibit a normal or narrow pitch 

range. Lucy Noble and Yi Xu (2011) noted the relationship between pitch range 

and emotions such as happiness and or characteristics such as friendliness, 

finding that high perception ratings of happiness and friendliness correlated with 

increased pitch range. Further research is needed to illuminate the underlying 

mechanism between pitch range and vocal attractiveness.

The results derived from the stepwise regression also provide an affirmative 
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answer for research question #2: does sexual dimorphism have an effect on 

vocal attractiveness?

In this study, sexual dimorphism had a marked effect on vocal attractiveness. 

This effect should be considered in relation to the anatomical and physiological 

mechanisms responsible for vocal sex differences. Vocal sex differences in 

humans emerge during puberty. The high testosterone levels achieved during 

male puberty cause men’s vocal folds and tracts to develop at a faster rate than 

their overall body growth (Fitch & Giedd, 1999; Lee, Potamianos, Narayanan, 

1999). No comparable changes occur in females. Thus, men’s vocal folds and 

vocal tracts are longer than those of women, resulting in lower fundamental 

frequencies (f0) and closer spacing of formant frequencies (formant dispersion) 

in men than in women (Puts et al., 2007). A substantial body of research 

supports this theory by demonstrating that boys’ larynges descend at puberty 

(Fitch & Giedd, 1999) and thus produce a longer vocal tract and lower, more 

closely spaced formant frequencies (Fant, 1960).

As noted earlier in the statistical analysis, the larger the formant dispersion, 

the higher the level of vocal attractiveness in females. The fact that formant 

dispersion is larger in females implies that their vocal tracts are shorter than 

those of males; given that formant dispersion is a sexually dimorphic acoustic 

parameter, this implies highly feminine vocal features in females. In the case of 

males, a low f0 implies a long vocal tract, which in turn implies highly 

masculine vocal features in males. In other words, the more masculine a man’s 

voice (the lower their f0), or the more feminine a woman’s voice (the higher 

their formant dispersion), the higher their level of vocal attractiveness is 
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perceived to be.
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5. Conclusion

The main points made in the study are as follows: an attractive male voice 

is defined as a voice with 1) a slower rate of speech and 2) a low f0. In the 

case of both males and females, the more sexually dimorphic acoustic properties 

were maximized, the more attractive the voice was perceived to be. For males, 

the primary sexually dimorphic acoustic property was f0, while formant 

dispersion proved more important for females. More specifically, a female voice 

was found attractive when it was 1) feminine, 2) clear and lucid, and 3) in 

possession of a narrow pitch range. The final chapter summarizes the critical 

contributions of this research and proposes topics for future work in the area of 

vocal attractiveness research.

The study both develops and goes beyond previous research in several ways. 

First, this study capitalizes on the merits of a large sample size comprised of 

the voices of 60 speakers. The study is also unique in its having conducted 

comprehensive research using detailed acoustic measures from a phonetic 

perspective and utilized natural human voices to reduce drawbacks detected in 

previous studies which were hampered by attributes such as the artificiality 

stemming from the manipulation of human voices.

This study attempted to present a clear-cut analysis of the role of acoustic 
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variables in predicting vocal attractiveness by relating acoustic characteristics of 

masculinity and femininity with vocal attractiveness from an evolutionary point 

of view. The study thus sheds light on the effects of sexual dimorphism with 

regard to vocal attractiveness within both genders.

In addition, this study is made all the more significant due to the fact that 

there have been no studies in the past which examined the difference between 

human perceptions of voices of the opposite sex and those of the same sex.

Accordingly, this study provides a stepping stone for the development of an 

account of vocal attractiveness in phonetics while simultaneously providing 

practical implications concerning the selection of acoustic variables on which 

particular emphasis should be placed in speech-based technology such as voice 

therapy and training.

I conclude this section with several recommendations for future research on 

vocal attractiveness in a wide range of fields related to the speech and hearing 

sciences. First, the results of the study could be extended to cover additional 

vowels by including more multiple vowels in the acoustic analysis. This work 

would strengthen current results and might possibly offer new explanations for 

current data. Furthermore, acoustic measures such as monotonicity and nasalance 

must also be taken into account in studying vocal attractiveness. It seems 

plausible, for example, that monotonicity would affect vocal attractiveness 

judgment according to gender because it is considered to be a sexually 

dimorphic acoustic property.
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In addition, future research could choose to concentrate on cross-cultural 

variations in vocal attractiveness in that vocal attractiveness judgment is 

generally believed to differ according to social and cultural background. Xuan 

Liu & Yi Xu (2011) conducted experiments with English speakers before 

concluding that a breathy voice is the most attractive female voice. However, 

the experiment in this study, which was conducted with Korean speakers,1 

showed a reverse pattern from such findings by Xuan Liu & Yi Xu (2011) in 

suggesting that clear and lucid female voices were preferable to breathy female 

voices. This implies that test subjects from different linguistic and cultural 

backgrounds could display differential preference in rating vocal attractiveness.

As emotion has been accounted for from an evolutionary point of view as 

the result of adaptation to our ancestral conditions in the past (Tobby & 

Cosmides, 1990), it seems likely that vocal attractiveness and emotion are 

strongly correlated. Although Yi Xu et al. (2013) tried to establish a relation 

between vocal attractiveness and emotion, the link between these two factors 

remains unclear. Ratings of female vocal emotion done by male listeners 

showed that happiness was associated with great formant dispersion, increased 

pitch range, and higher pitch. The results related to formant dispersion were 

consistent with the findings in this study, with larger formants being correlated 

with an attractive voice. However, the results related to pitch range were 

opposed to the findings in this study in that reduced pitch range was perceived 

to be more attractive in females. Unlike in females, happiness in males 

1 Unlike the English term, the Korean word for ‘attractive’ does not have any 
sexual connotations. This might also elicit the difference in results between 
Korean subjects and English subjects.
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increased with expanded pitch range and higher pitch. The effect of voice 

quality was marginally significant—vocal happiness vs. vocal anger for both 

males and females—thus displaying results opposed to previous literature in 

which voice quality was the most effective predictor of vocal attractiveness 

(Xuan Liu & Yi Xu, 2011). However, Yi Xu et al. (2013) has its limitations in 

that only three acoustic measures were taken into account in the analysis and 

that synthetic voices were employed over the course of the study, causing a 

degree of unnaturalness which would negatively affect happiness ratings.

Moreover, there has in recent years been an increasing interest in cultivating 

a young voice as well as a young face. As HNR has been mentioned as an 

index of vocal aging, comprehensive study is required in regard to the 

underlying acoustic mechanisms of what constitutes a young voice.

The human voice is extremely complex (Manjul Tiwari, Maneesha Tiwari, 

2012) and defies simple generalization. Therefore, the measures used in this 

study are not the only characteristics relevant to the study of vocal 

attractiveness. There are likely a myriad traits which influence human perception 

of whether or not a voice is attractive. Nonetheless, the present study lays the 

foundation for future work on vocal attractiveness from a phonetic point of 

view and is the first to investigate gender-differentiated perceptions of vocal 

attractiveness. 
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Appendix

Appendix 1. Praat Script for Perception Experiment

"ooTextFile"

"ExperimentMFC 5"

stimuliAreSounds? <yes>

stimulusFileNameHead = "vowel/"

stimulusFileNameTail = ".wav"

stimulusCarrierBefore = ""

stimulusCarrierAfter = ""

stimulusInitialSilenceDuration = 0.5 seconds

stimulusMedialSilenceDuration = 2

numberOfDifferentStimuli = 68

"AAR_M_VOWEL" ""

"ABH_M_VOWEL" ""

"AJH_M_VOWEL" ""

"ASG_F_VOWEL" ""

"ASJ_F_VOWEL" ""

"AYJ_F_VOWEL" ""

"BSE_M_VOWEL" ""
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"CBS_M_VOWEL" ""

"CHJ_F_VOWEL" ""

"CHM_F_VOWEL" ""

"CYJ_F_VOWEL" ""

"CYM_F_VOWEL" ""

"HJH_M_VOWEL" ""

"JCH_M_VOWEL" ""

"JMS_M_VOWEL" ""

"JNS_M_VOWEL" ""

"JTS_M_VOWEL" ""

"KBH_M_VOWEL" ""

"KDH_M_VOWEL" ""

"KHJ_F_VOWEL" ""

"KHL_F_VOWEL" ""

"KJA_F_VOWEL" ""

"KJE_F_VOWEL" ""

"KJH_M_VOWEL" ""

"KMH_M_VOWEL" ""

"KMH2_M_VOWEL" ""

"KMS_F_VOWEL" ""

"KMS_M_VOWEL" ""

"KMS2_M_VOWEL" ""

"KNY_F_VOWEL" ""

"KSH_M_VOWEL" ""

"KSJ_F_VOWEL" ""
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"KSJ_M_VOWEL" ""

"KSW_M_VOWEL" ""

"KYO_F_VOWEL" ""

"LBY_M_VOWEL" ""

"LCG_M_VOWEL" ""

"LHG_F_VOWEL" ""

"LHJ_F_VOWEL" ""

"LJE_F_VOWEL" ""

"LJH_M_VOWEL" ""

"LKM_M_VOWEL" ""

"LMW_M_VOWEL" ""

"LSA_F_VOWEL" ""

"LSB_M_VOWEL" ""

"LSD_M_VOWEL" ""

"LSH_M_VOWEL" ""

"MKY_F_VOWEL" ""

"NSJ_F_VOWEL" ""

"OJK_M_VOWEL" ""

"OOJ_M_VOWEL" ""

"PHS_M_VOWEL" ""

"PJH_F_VOWEL" ""

"PJH_M_VOWEL" ""

"PJK_F_VOWEL" ""

"PKY_M_VOWEL" ""

"PYS_F_VOWEL" ""
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"RJH_F_VOWEL" ""

"SDB_F_VOWEL" ""

"SDC_M_VOWEL" ""

"SGE_F_VOWEL" ""

"SHJ_M_VOWEL" ""

"SMH_F_VOWEL" ""

"SMH_M_VOWEL" ""

"SNL_F_VOWEL" ""

"SYS_F_VOWEL" ""

"YHW_M_VOWEL" ""

"YJS_M_VOWEL" ""

numberOfReplicationsPerStimulus = 1

breakAfterEvery = 0

randomize = <PermuteBalancedNoDoublets>

startText = "실험시작"

runText = "다음 목소리에 호감이 가십니까?"

pauseText = "Click to proceed."

endText = "실험끝. 감사합니다"

maximumNumberOfReplays = 10

replayButton = 0.3 0.7 0.7 0.8 "다시재생" ""

okButton = 0 0 0 0 "" ""

oopsButton = 0.01 0.09 0.3 0.4 "돌아가기" ""

responsesAreSounds? <no> "" "" "" "" 0 0

numberOfDifferentResponses = 7

0.21 0.29 0.5 0.6 "1(전혀아니다)" 15 "1" "1"
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0.31 0.39 0.5 0.6 "2" 15 "2" "2"

0.41 0.49 0.5 0.6 "3" 15 "3" "3"

0.51 0.59 0.5 0.6 "4" 15 "4" "4"

0.61 0.69 0.5 0.6 "5" 15 "5" "5"

0.71 0.79 0.5 0.6 "6" 15 "6" "6"

0.81 0.89 0.5 0.6 "7(매우그렇다)" 15 "7" "7"

numberOfGoodnessCategories = 0
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Appendix 2. Results of Stepwise Regression in Males
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Appendix 3. Results of Stepwise Regression in Females
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국문초록

이 논문은 음성학적 관점에서 목소리 호감도에 대한 전면적인 설명을 제공하

는 것을 주요 목표로 한다. 이 연구는 ‘호감 있는 목소리’라는 주제의 음성학

적, 사회적 중요성에도 불구하고, 음성학적 관점에서 이루어진 목소리 호감도에 

관한 연구는 제한되어 있다는 문제 의식을 바탕으로 시작하게 되었다. 구체적으

로 이 논문은 다음의 세 가지 연구 질문에 답하려고 한다. 첫째, 목소리 호감도

를 예측하는데 가장 신뢰도 있는 음향 변수는 무엇인가? 둘째, 성적 이형성은 

목소리 호감도에 영향을 미치는가? 셋째, 성별에 따라서 목소리 호감도를 평가

할 때, 어떠한 차이를 보이는가? 

이 질문에 답하기 위하여 발화 실험과 인지 실험을 실시하였다. 발화 실험에

서 60명의 한국인 화자 (남성 37명, 여성 23명)들이 세 문장을 두 번씩 반복하

여 녹음을 진행하였다. 녹음 문장은 전달 구(carrier phrase)를 사용하여 3개의 

기준 모음(point vowel) 'a', 'u', 'i' 를 포함하였다. 인지 실험에서는 20명의 한

국인 평가자 (남성 10명, 여성 10명)들이 앞서 녹음한 다른 참여자의 목소리의 

호감도를 평가하였다. “다음 목소리에 호감이 가십니까?” 라는 질문에 대해 1이

면, ‘전혀 아니다’, 7이면 ‘매우 그렇다’의 7점 척도상에서 목소리 호감도를 평

가하게 하였다.

  음향 변수들은 프랏(Praat)과 매트랩(Matlab)의 보이스소스(VoiceSauce)를 

이용하여 분석하였다. 본 연구에서 사용한 음향 변수들은 12개로 Duration, 

H1-H2, Cepstral Peak Prominence (CPP), energy, energy range, 

Harmonics-to-Noise Ratio (HNR), vowel space, formant dispersion, f0, f0 최
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대값, f0 최소값, 그리고 pitch range이다.    

통계 분석을 위해 단계적 다중 선형 회귀 분석과 독립 t 검정을 실시하였다. 

주요 결론은 다음과 같다. 첫 번째 연구 질문에 대해서, 남성 목소리의 경우, 

duration이 목소리 호감도를 예측하는 가장 신뢰도 있는 음향 변수였고 여성 목

소리의 경우, formant dispersion이 목소리 호감도를 예측하는 가장 신뢰도 있

는 음향 변수였다. 천천히 발화하고, f0가 낮은 남성의 목소리는 호감도 평가에

서 높은 점수를 받는 것으로 나타났다. 여성의 경우, 1) 여성스럽고, 2) 맑고 투

명하고, 3) f0의 최대값이 크고, f0의 최소값이 작고, pitch range가 좁은 목소

리의 경우, 목소리 호감도가 더 높아지는 것으로 드러났다. 두 번째 연구 질문

에 대해서는, 성적 이형성이 목소리 호감도에 뚜렷한 영향을 끼치는 것으로 드

러났다. 남성은 남성스러울수록 (즉, f0가 낮을수록), 여성은 여성스러운 목소리

의 특징을 잘 구현할수록 (즉, formant dispersion이 클수록) 목소리 호감도가 

높아진다. 세 번째 연구 질문에 대해서는, 남성 평가자는 목소리 호감도를 평가

하는데 있어 이성에게 혜택을 주는 경향이 있는 반면, 여성 평가자는 그러한 

경향을 보이지 않았다. 오히려 여성 평가자는 평균적으로 동성에게 더 높은 점

수를 주는 것으로 관측되었다.

주요어: 목소리 호감도, 성적 이형성, f0, formant dispersion, 성별

학번: 2011-20044
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