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Abstract 

This study reports on three populations’ ratings of vocal 

attractiveness for 30 male and 30 female voices producing 

isolated words. Equal numbers of male and female listeners 

were recruited from three dialect areas: northern California, 

western Canada, and Minnesota. Attractiveness ratings across 

dialects were highly correlated, particularly for female voices. 

To determine the acoustic features which influenced listener 

ratings, detailed acoustic analyses of vowel quality and voice 

quality were conducted. These measures were entered into 

separate principal component analyses to reduce the 

dimensionality. Principal components and additional measures 

of duration and f0 were entered into models to assess which 

acoustic features predict attractiveness ratings across dialects. 

The results indicate that despite the highly correlated ratings 

across dialects, listener populations differed slightly in the 

phonetic features used to make attractiveness judgments. 

Listeners from the more similar dialect groups (California and 

western Canada) used similar acoustic features in their 

judgments, supporting the hypothesis that vocal attractiveness 

involves community-specific preferences. These results 

support a theory of vocal attractiveness which considers 

community-specific norms in assessing vocal preferences. 

Index Terms: vocal attractiveness, perception, PCA, cross-

dialect comparisons 

1. Introduction 

The voice is a rich source of information for listeners. Beyond 

its role as the medium of communication in oral language, the 

human voice has the ability to convey biological information 

like sex [1] and age [2]; physiological details such as height 

and weight for men [3]; social classifications such as race [4]; 

and emotional states [5]. The perceived attractiveness of a 

voice could be wrapped up in several of these perceivable 

qualities. Previous work on vocal attractiveness has used a 

small selection of acoustic-phonetic measures that are related 

to talker size to predict listeners’ judgments of attractive 

voices. In this study, we employ a larger range of phonetic 

measures related to both the talkers’ laryngeal source and 

supralaryngeal cavity and non-physiological stylistic aspects 

of spoken language measurable from the signal to study the 

subjective vocal attractiveness ratings of sixty talkers in three 

dialect regions of North American English. 

Most previous research has focused on acoustic features 

theoretically related to sexual dimorphism, e.g., fundamental 

frequency and formant dispersion [6, 7]. The former of these 

two features has been well established in its relationship with 

vocal attractiveness with the consensus that an average or 

slightly higher-than-average overall f0 is considered more 

attractive for female voices and that an average or slightly 

lower-than-average voice is more attractive in male talkers [8, 

9, 10, 11, 12]. This finding is assumed to be an exaggeration 

of the average laryngeal differences between males and 

females. Note, however, that cross-culturally the degree of 

apparent size and actual size difference between males and 

females varies [13, 14].  

Previous research seems to underplay the performative 

aspects of spoken communication – speech is learned and used 

in a way that reflects identity construction, part of which might 

involve the use of more prescriptive gender norms, which 

echoes sexual dimorphic traits. Unlike studies of visual 

attractiveness, it is impossible to fully remove cultural artifacts 

from speech stimuli as they are fundamental to the linguistic 

signal. Moreover, even highly dimorphic traits such as f0 [15] 

and formant frequencies [16] vary considerably depending on 

the language and cultural context.  

The goal of the present study is twofold. The first is to 

explore additional acoustic features beyond f0 and formant 

spacing to others that are known to vary between males and 

females, namely duration, vowel quality, and voice quality. 

The second goal is to compare listeners’ judgments from three 

different dialects of English, two closely related and a third 

that is more divergent. To our knowledge, no one has 

compared listeners’ judgments of attractiveness to a single set 

of voices across dialects. Uncovering differences in how 

listeners from different dialect backgrounds assess vocal 

aesthetics would support the hypothesis that local community 

preferences moderate judgments of vocal attractiveness.  

2. Listener judgments of attractiveness 

2.1. Voices 

This study used a corpus of 30 female and 30 male native 

speakers of American English reading a list of monosyllabic 

low-frequency words each containing one of the vowels /i ɑ 
u/. Females (mean age 24.2) and males (mean age 24.1) did 

not differ in age [t(51) = 0.05, p = ns]. The majority of 

speakers were from the western United States. Recordings 

were made at 44.1kHz using a head-mounted microphone. 

2.2. Listener judgments of attractiveness 

2.2.1. Participants 

Three sets of thirty listeners judged the stimuli (total n = 90). 

These sets were recruited from three different university 

communities, and recruitment was restricted to those who had 

been raised in the dialect region since toddlerhood. One group 

of listeners was run at the University of California, Santa 

Cruz, and these students were from northern California; a 

second group of participants was run at the University of 

British Columbia – these listeners were from British Columbia 

and Alberta; a final group of listeners was run at the 

University of Minnesota, Twin Cities, and these listeners were 

from Minnesota and Wisconsin. We refer to these groups as 

the California, western Canadian, and Minnesota groups, 
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respectively. The Californian and Canadian groups share more 

dialect features than either do with the Minnesotan group. 

2.2.2. Procedure 

For all groups the procedure was the same. Fifteen stimuli 

from one talker were presented after which the listener rated 

the voice on a 1-9 scale where 1 = very unattractive and 9 = 

very attractive. Talker order and word order for each talker 

were randomized for each listener. 

 

Figure 1: Correlations of ratings for female and male 

voices from Californian raters (x-axis) and Western 

Canadian raters (y-axis). 

 

Figure 2: Correlations of ratings for female and male 

voices from Californian raters (x-axis) and 

Minnesotan raters (y-axis). 

2.2.3. Results 

Average attractiveness ratings for each talker were averaged 

across listeners within each dialect group for male and female 

voices. To assess the relationships between listeners 

judgments of attractiveness across dialect regions, we 

conducted a series of correlations.  

Correlations were high across the board, but generally 

higher for female voices than male voices. For female voices, 

Californians’ and Canadians’ ratings were very highly 

correlated [t(28)=14.72, r=0.94, p<0.001], as were 

Californians’ and Minnesotan’s ratings [t(28)=14.7, r=0.94, 

p<0.001], and Minnesotans’ and Canadians’ ratings 

[t(28)=13.19, r=0.93, p<0.001).  

For the male voices, the correlations were also high. 

Minnesotans’ and Canadians’ ratings were most highly 

correlated for the male voices [t(28)=9.58, r=0.87, p<0.001], 

followed by Californians’ and Minnesotans’ ratings 

[t(28)=8.9, r=0.86, p<0.001]. The correlation between 

Californians’ and Canadians’ ratings were lower, but still very 

high [t(28)=6.54, r=0.78, p<0.001]. These correlations are 

shown in Figures 1-3. 

 

Figure 3: Correlations of ratings for female and male 

voices from Western Canadian raters (x-axis) and 

Minnesotan raters (y-axis). 

2.3. Acoustic measures 

2.3.1. Vowel quality measures 

Following previous studies, F0 and formant dispersion were 

measured for each talker. These values were averaged across 

all tokens for each talker and the standard deviation of F0 was 

also calculated from these measures. F0 and formant 

frequency measures were made using Gaussian windows with 

a 2.5 ms step size. Values were calculated separately for male 

and females where five formants within a 0-5kHz range for the 

males and 0-5.5kHz range for females. F1-F4 were used in 

calculating formant dispersion following [17].  

2.3.2. Voice quality measures 

In addition to these vowel measures we also gathered several 

measures of spectral tilt. Spectral tilt is a measure of voice 

quality [18, 19]. In general, higher values of tilt indicate 

breathier voices while lower values indicate creakiness. 

Several measures were taken using VoiceSauce [20]: the short 

distance tilt measure of the amplitude of the first harmonic 

minus the amplitude of the second harmonic (H1-H2) and the 

longer distance measure of the first harmonic minus the peak 

amplitude of the first, second, and third formants (H1-A1, H1-

A2, H1-A3, respectively). 
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Other global voice quality measures taken were the 

Harmonic-to-noise ratio (HNR), Cepstral Peak Prominence 

(CPP), energy, jitter, and shimmer. HNR was collected in the 

0-3.5kHz range for each voice, following [21]. Jitter is a local 

measure of deviation in periodicity – the averaged deviation of 

subsequent pitch periods. Shimmer is a measure of variation in 

amplitude – the averaged deviation in amplitude of subsequent 

pitch periods. Both jitter and shimmer are measures that can be 

described subjectively as voice smoothnesss. 

We also measured whole word duration. Male productions 

typically have shorter durations than females [22,23]. 

2.4. PCA 

Many of our acoustic measures may be highly correlated with 

one another. To eliminate such confounds in the analysis and 

to reduce the dimensionality of the data, we conducted 

principal components analyses (PCA) for the vowel quality 

and voice quality measures. The vowel quality PCA was 

performed on the full dataset which included both male and 

female speakers. The PCA for voice quality was done 

separately for male and female voices.  

2.4.1. Vowel quality PCA 

The vowel PCA used the F1-F3 Bark-transformed values for 

each vowel. Table 1 summarizes the standard deviation (row 

1), the proportion of variance accounted (row 2), and the 

cumulative proportion accounted for (row 3) for each principal 

component. Table 1 also provides the relative weightings for 

each component, which are needed to interpret each 

component in terms of the acoustic measures. The formant 

dispersion measure was highly correlated with PC1; to avoid 

colinearity in the model we use PC1 in the analyses below. 

Table 1. The cumulative proportion of variance 

accounted for and loadings from the PCA of vowel 

quality across female and male voices. 

 PC1 PC2 PC3 PC4 PC5 PC6 

SD 1.54 0.76 0.46 0.34 0.26 0.14 

Proportion 0.70 0.17 0.06 0.04 0.02 0.01 

Cumulative 0.70 0.88 0.94 0.97 0.99 1.00 

Loadings 

F1 /ɑ/ 0.34 -0.56 -0.18 -0.06 -0.72 -0.11 

F1 /i/ 0.22 -0.12 0.12 0.61 0.23 -0.70 

F1 /u/ 0.24 -0.09 0.04 0.68 0.01 0.69 

F2 /ɑ/ 0.23 -0.53 -0.45 -0.23 0.63 0.09 

F2 /i/ 0.44 -0.17 0.81 -0.32 0.15 0.09 

F2 /u/ 0.73 0.60 -0.31 -0.11 -0.03 -0.04 

2.4.2. Voice quality PCA 

The second PCA analysis included all of the voice quality and 

voice smoothness measures, i.e. H1-H2, H1-A3, HNR, CPP, 

energy, jitter, and shimmer. Given the differences in vocal fold 

vibration for males and females, we conducted separate PCA 

for male and female voices. Tables 2 and 3 summarize 

information necessary to interpret the principal components. 

The analyses for male and female voices used 9 principal 

components, but in the interest of space, we only present those 

necessary to account for 100% of the cumulative variance.  

Table 2. The cumulative proportion of variance 

accounted for and loadings from the PCA of voice 

quality for female voices. 

 
PC1 PC2 PC3 PC4 PC5 PC6 

SD 6.05 3.75 1.75 1.18 0.95 0.61 

Proportion 0.65 0.25 0.05 0.02 0.02 0.01 

Cumulative 0.65 0.90 0.95 0.97 0.99 1.00 

Loadings 

 
PC1 PC2 PC3 PC4 PC5 PC6 

H1H2u 0.26 -0.03 -0.94 0.13 -0.12 0.14 

H1A1u 0.26 0.13 0.10 0.73 -0.14 -0.58 

H1A2u 0.68 -0.01 0.30 -0.11 -0.57 0.34 

H1A3u 0.62 -0.02 0.06 -0.07 0.76 -0.04 

HNR35 0.05 0.92 -0.07 -0.31 -0.01 -0.11 

CPP -0.16 0.35 0.09 0.56 0.13 0.61 

Energy 0.01 -0.06 0.08 0.17 0.21 0.38 

Jitter 0.00 0.00 0.00 0.00 0.00 0.00 

Shimmer 0.00 0.00 0.00 0.00 0.00 0.00 

Table 3. The cumulative proportion of variance 

accounted for and loadings from the PCA of voice 

quality for male voices. 

 
PC1 PC2 PC3 PC4 PC5 PC6 PC7 

SD 6.72 3.22 2.13 1.77 1.05 0.76 0.59 

Proportion 0.69 0.16 0.07 0.05 0.02 0.01 0.01 

Cumulative 0.69 0.85 0.92 0.97 0.99 0.99 1.00 

Loadings 

 
PC1 PC2 PC3 PC4 PC5 PC6 PC7 

H1H2u 0.24 0.06 -0.18 0.72 -0.20 -0.29 -0.52 

H1A1u 0.42 0.18 -0.07 0.48 0.23 0.28 0.66 

H1A2u 0.65 -0.08 0.05 -0.32 0.58 -0.28 -0.23 

H1A3u 0.56 -0.14 0.27 -0.19 -0.63 0.38 -0.09 

HNR35 -0.02 -0.93 -0.01 0.17 -0.02 -0.20 0.24 

CPP -0.18 -0.11 0.72 0.29 0.35 0.38 -0.28 

Energy 0.02 0.23 0.61 0.03 -0.22 -0.66 0.32 

Jitter 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Shimmer 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2.5. Predicting listener judgments 

In order to determine which factors were the most important in 

listeners’ judgments of vocal attractiveness, two linear 

regression models were calculated to predict the attractiveness 

ratings. The independent variables in the regression models 

were the principal components from each analysis which 

brought the percentage of variance accounted for near 95%, in 

addition to duration, and mean and standard deviation of F0. 

The variables for the final models were chosen using a 

backwards selection procedure with a criterion of p < 0.15. 
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Following this procedure, the two final models were then 

calculated with the remaining predictors. 

We first report the models for the females. The model for 

the Californian listeners was significant and accounted for 

54% of the variance in listener responses [F(4,25)=9.39, 

p<0.001]. The model for Canadian listeners for female voices 

was very similar [t(5,24)=7.73, p<0.001], also accounting for 

54% of the variance. The model for the Minnesota listeners 

performed worse, with the model accounting for only 44% of 

the variance [F(4,25)=6.78, p<0.001]. The significant 

contributors to the models for the female voices are reported in 

Table 4. Factors with vPC are principal components from the 

vowel PCA and those with tfPC are the spectral tilt female 

PCA (tmPC = spectral tilt male PCA).  

Table 4. Summaries significant contributors in 

regression models predicting attractiveness judgments 

for the female voices. 

California 

 β SE t-value 

Intercept 7.93 1.57 5.05*** 

Average F0 -0.02 0.01 -2.21* 

vPC1 0.48 0.17 2.85** 

vPC3 0.52 0.28 1.82 

tfPC3 -0.26 0.09 -2.95** 

Canada 

 β SE t-value 

Intercept 10.2  1.8 5.66*** 

Average F0 -0.03 0.01 -3.09** 

vPC1 0.62 0.19 3.24** 

vPC3 0.63 0.32 1.97 

vPC4 0.54 0.39 1.34 

tfPC3 -0.26 0.1 -2.6* 

Minnesota 

 β SE t-value 

Intercept 7.53  1.45 5.2*** 

Average F0 -0.01 0.01 -1.93 

vPC1 0.45 0.16 2.9** 

vPC2 0.53 0.26 2.02 

tfPC3 -0.14 0.08 -1.78 

 

For the male voices, the model for Californian listeners 

accounted for 60% of the variance [F(7,22)=7.23, p<0.001]. 

The model based on judgments from Canadian listeners 

accounted for 48% of the variance [F(3,26)=9.78, p<0.001]. 

Finally, the model based on Minnesota listeners’ judgments of 

male voices accounted for 51% of the variance [F(4,25)=8.68, 

p<0.001]. These models are summarized in Table 5. 

3. Discussion 

The above results demonstrate cross-dialect differences and 

similarities in the acoustic features that listeners prefer. 

Overall, Californian and Western Canadian listeners are the 

most similar in their preferences with the Minnesota group 

being somewhat divergent. 

Models for female voices were quite similar, particularly 

those of the Californian and Canadian listeners. vPC1 is 

suggestive of apparent size, but was dominated by F2 of /u/; 

this suggests that it may be an indicator of dialect-specific 

vowel positioning. More fronted productions of /u/ are rated as 

more attractive. Breathier female voices are judged as more 

attractive in the Californian and Canadian models. Also in 

these two models, female voices with lower average F0 were 

rated as more attractive.  

Table 5. Summaries significant contributors in 

regression models predicting attractiveness judgments 

for the male voices. 

California 

 β SE t-value 

Intercept 5.67 0.63 8.96*** 

vPC1 -0.31 0.18 -1.75 

vPC2 0.25 0.13 1.98 

vPC3 -0.37 0.25 -1.52 

vPC4 -1.75 0.33 -5.27*** 

tmPC1 0.03 0.02 1.85 

tmPC4 -0.07 0.05 -1.46 

Duration -4.10 1.26 -3.26** 

Canada 

 β SE t-value 

Intercept 7.33 0.77 9.52*** 

vPC4 -1.62 0.42 -3.87*** 

tmPC1 0.05 0.02 2.2* 

Duration -5.06 1.67 -3.03** 

Minnesota 

 β SE t-value 

Intercept 5.94 0.58 10.19*** 

vPC2 0.21 0.11 1.92 

vPC4 -1.44 0.32 -4.51*** 

tmPC1 0.03 0.02 1.66 

Duration -2.49 1.26 -1.97 

 

Male voices used a different set of factors, and while a 

larger number of factors passed the criterion for model 

selection, few were significant predictors in the final models. 

vPC4 seems to indicate aspects of talker size, with apparently 

larger male vocal tracts being more attractive. Duration was a 

significant predictor for both Canadian and Californian 

listeners; this suggests that sounding like an average or typical 

male voice contributes to listeners’ assessments of vocal 

attractiveness. tmPC1 suggests that breathier male voices were 

more attractive to Canadian listeners. 

4. Conclusion 

The data presented in this paper suggest that the acoustic 

information listeners use to make their assessments of vocal 

attractiveness varies somewhat across dialects. The strong 

correlations in our perception results suggest that despite this 

use of different aspects of the acoustic signal, listeners across 

dialects may exhibit high levels of uniformity in their 

judgments. To further explore this future analysis of the data 

will involve using clustering analyses to examine whether 

groups of listeners within a dialect population behave in small-

group defining ways. 
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