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ABSTRACT 

 

This study examines possible differences between 

the acoustic realization of the intersibilant contrast 

/s/~/ʃ/ in German and American English. A range of 

acoustic parameters (COG, standard deviation, 

skewness, kurtosis and Discrete Cosine Transforma-

tion coefficients) are calculated to characterize the 

spectra of the two sibilants. Significant differences 

are found between the male and female intersibilant 

contrast, indicating that females produce a stronger 

acoustic contrast between /s/ and /ʃ/ in both lan-

guages. While in the German data set a tendency for 

gender-specific differences in accent realizations 

was found, the effect did not reach significance. 
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1. INTRODUCTION 

Besides lexical information, phonetic detail also 

transmits indexical information about the speaker 

[5]. Such idiosyncratic features might have a bio-

logical origin or be the product of learned speech 

behaviour [14]. Sibilants, and in particular /s/, have 

been claimed to potentially index both sex (i.e. 

physical inevitabilities such as anatomical differ-

ences of vocal tract size) and gender (i.e. performed, 

constructed, learned gender identities) [6, 18, 20]. 

Females have been found to show /s/ productions 

with higher spectral energy peaks than males [3, 13]. 

One possible line of explanation is based on poten-

tial anatomical differences in the speech apparatus 

between speakers/sexes [6, 18, 19]. Weirich & 

Fuchs [23] found a relationship between the alveolo-

palatal steepness of a speaker and his/her articulato-

ry realization of the sibilant contrast /s/-/ʃ/ in Ger-

man. However, due to the relatively small subject 

group examined in that study, no comparison be-

tween males and females could be made. Besides 

organic factors, learned behavioural sources have 

also been identified, such as socio-cultural back-

ground or the conscious choice of an indexical fea-

ture to display a certain social identity or group 

membership [20]. We shall use the term gender 

throughout this paper, fully aware that both anatom-

ical inevitabilities, as well as learned behavioural 

aspects are involved in the patterns we describe.   

Higher spectral energy in /s/, typically found in fe-

male speech, often goes hand in hand with a larger 

acoustic distance to /ʃ/. Romeo et al. [17] found not 

only a larger acoustic distance between /s/ and /ʃ/ in 

females than in males, but also a larger contrast be-

tween /p/ and /b/ in females. This is in line with the 

larger acoustic vowel space that has been repeatedly 

reported for female speakers [1, 10, 24]. All of these 

findings seem to indicate that female speakers are 

realizing stronger phonological contrasts than males, 

suggesting that they are speaking more clearly [9], 

even though the reasons why female speakers should 

be speaking more clearly are not so apparent.  

In this study, we investigate the acoustic correlates 

of /s/ and /ʃ/ in two languages: German and Ameri-

can English. We will focus in particular on potential 

gender-specific differences in the realization of the 

phoneme contrast, at the same time examining any 

cross-linguistic similarities. An acoustic parameteri-

zation of the sibilant spectra is carried out using the 

four spectral moments (COG, SD, kurtosis and 

skewness) and additionally Discrete Cosine Trans-

formation (DCT) [22].  

2. METHOD 

2.1. Subjects and speech material 

The study comprises two sets of data. The American 

English data set consists of a subset of the Universi-

ty of Wisconsin X-Ray Microbeam Speech Produc-

tion Database [26] and comprises 34 speakers (20 f, 

14 m). The sibilants /s/ and /ʃ/ were analysed in a list 

containing several aCa-sequences, among them /asa/ 

and /aʃa/. For each speaker one repetition of each 

sibilant was used. 

The German data set comprises 11 speakers (6f, 

5m). Acoustic recordings were made at Potsdam 

University as part of a larger study examining gen-

der-related articulatory and acoustic differences. 

Contained within a larger corpus of stimuli de-

signed, among other things, to elicit different pro-

sodic structures were the sentences Die blaue 

Tasse/Tasche ist im Schrank (‘The blue cup/bag is in 

the cupboard’), also containing the target sibilants /s/ 

and /ʃ/ in intervocalic position. In addition to this 

control condition, the sentences were recorded in 

two different accent conditions by using a question-

answer paradigm with accents either on the target 



word Tasse/Tasche (accented condition) or the pre-

ceding adjective blaue (unaccented condition).  

2.2. Acoustic analysis 

For the acoustic characterization of the sibilants 

several parameters were calculated that have been 

found to play a role in the acoustics of sibilants (e.g. 

[4, 11, 13, 15]). The first four spectral moments [4] 

were calculated in PRAAT: 1) centroid/Center of 

Gravity (COG), 2) variance or standard deviation, 

3) skewness, 4) kurtosis. All measurements were 

made around the acoustic midpoint of the sibilant 

with a window length of 0.025s and a cutoff fre-

quency of 500 Hz to control for potentially voiced 

segments. 

Second, we used Discrete Cosine Transformation 

(DCT), a method proposed by Watson & Harrington 

[22], to parameterize the shape of the spectra and, in 

particular, to quantify the acoustic contrast between 

sibilants. This method decomposes the signal into a 

set of half-cycle cosine waves and the resulting am-

plitudes of these cosine waves are the DCT coeffi-

cients (corresponding to the cepstral coefficients of a 

spectrum).  Three DCT coefficients were used for 

the analysis. DCT1 is proportional to the linear slope 

of the spectrum, DCT2 corresponds to its curvature 

and DCT3 describes the amplitude of the higher 

frequencies. Guzik & Harrington [7] showed that the 

DCTs provide a very effective separation between 

the four fricative types in Polish, and Jannedy et al. 

[12] found DCTs to be a reliable parameter to differ-

entiate the very similar acoustic spectra of /ç/ and /ʃ/ 

in Berlin German. DCT transformation was applied 

after the spectra had been converted to the Bark 

scale following [8]. 

3. RESULTS 

All statistical analyses were carried out using the R 

environment. Linear mixed models were run with 

the lme4 package and likelihood ratio tests were 

used to find the model with the best fit to the data 

and determine significant main effects and/or inter-

actions. 

3.1 Acoustics of sibilants: spectral moments 

For the English data we found a significant main 

effect of sibilant class and gender for COG, kurtosis 

and skewness. For COG, higher values were found 

for /s/ than for /ʃ/ (Estimate: 1934Hz, Standard error 

121.1 Hz, p < .001) and for females than for males 

(Estimate: 706.2 Hz, Standard error 199.8 Hz, p < 

.01, see Figure 1). For skewness, /ʃ/ showed higher 

values than /s/ (Estimate: 2.3, SE: 0.14, p < .01) and 

males showed higher values than females (Estimate: 

0.72, SE: 0.19, p < .05). For kurtosis, higher values 

were found for /ʃ/ than for /s/ (Estimate: 7.6, SE: 1.2, 

p < .01) and higher values were found for males than 

for females (Estimate: 2.9, SE: 1.3, p < .05). For SD 

we found a significant interaction of gender*sibilant 

class indicating that females have a significantly 

higher value (for about 500Hz, p < .01) than males 

only for /s/. 

 
Figure 1: COG and skewness values plotted as a 

function of gender (f: black, m: grey), sibilant and 

language 

 
For the German data we found a significant effect of 

gender in terms of an interaction with the sibilant 

class for COG and skewness (see Figure 1). In both 

cases, men and women differed significantly only 

for /s/ but not for /ʃ/: females exhibit higher COG 

values than males (for about 1079 Hz, Standard error 

= 264.43 Hz, p < .05) and more negative skewness 

(for about 0.53, standard error =   0.18, p < .05).  As 

Figure 1 shows, the difference between the genders 

in /s/ strengthens the contrast between the sibilants 

for females. No interaction of gender and accent was 

found. 

To summarize, in both languages significant effects 

of speaker gender were found. However, they were 

found more often for English than for German, pos-

sibly reflecting the differences in sample sizes. Also, 

if an interaction with sibilant class was found, it 

indicated a higher sensitivity for /s/ showing gender 

differences. 

3.2 Acoustic realization of the sibilant contrast: DCTs 

As mentioned above the estimated DCT coefficients 

were used to describe and quantify further the acous-

tic distance between the sibilants. Figure 2 shows the 

third DCT-coefficient (distribution of energy in high 

frequencies) plotted as a function of the first coeffi-

cient (linear slope) for /s/ and /ʃ/, calculated from 

Bark-scaled spectra. The plots are separated by gen-

der (above: females, below: males) and language 

(left: German, right: English). It appears that – as 

expected – females spaced their sibilants further 

apart acoustically than males. This seems to be 
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based particularly on differences in the /s/ produc-

tions.  

 
Figure 2: DCT3 as a function of DCT1 separated 

by language, gender and sibilant 

 

 
 

For the German data and DCT1, 2 and 3 a signifi-

cant interaction of sibilant class and gender was 

found: While females and males did not differ in 

DCT1 for /ʃ/, females have significantly higher 

DCT1 values than males for /s/ (Estimate: 0.55, SE: 

0.12, p < .05). For DCT2, only females showed a 

significant difference between the sibilants (Esti-

mate: 0.21, SE:  0.04, p < .05.). For DCT3 the sig-

nificant interaction indicated that while both genders 

differ between the sibilants in DCT3, the difference 

is significantly larger in females than in males (Es-

timate: 0.24, SE: 0.04, p < .05). 

For the English data we found significant main ef-

fects for gender and sibilant class for DCT1, with 

higher values for males than females (Estimate: 

0.55, SE: 0.17, p < .05), and /ʃ/ than /s/ (Estimate: 

1.22, SE: 0.12, p < .01). For DCT3, the same inter-

action between gender and sibilant class as for the 

German data was found:  the difference between the 

sounds was significantly larger for females than for 

males (Estimate: 0.31, SE: 0.09, p < .05). 

For a better quantification of the acoustic contrast 

between the sibilants, Euclidean Distances (EDs) in 

the DCT1xDCT2xDCT3 space were calculated. For 

both languages we found a comparable main effect 

of gender, with females having a larger acoustic 

contrast than males (German = Estimate: 0.64, SE:  

0.25, p < .05, English = Estimate: 0.65, SE: 0.30, p < 

.05). While the strength of the gender-specific dif-

ference is comparable between the languages, the 

contrast is generally larger (for both genders) in the 

German data than in the English data (Estimate: 

0.70, SE:  0.19, p < .05) 

 
Figure 3: EDs in DCT1xDCT2xDCT3 space sepa-

rated by gender and language 

 

 

 

 

 

 

 

 

 

 

Figure 4 shows the acoustic contrast of the German 

data separated by the additional factor accent condi-

tion. Even though the figure points to a stronger 

effect of accent condition on males than on females, 

no significant effect of accent or an interaction of 

gender*accent was found.  

 
Figure 4: EDs in DCT1xDCT2xDCT3 space sepa-

rated by gender and accent condition 

 

 

 

 

 

4. DISCUSSION 

This study examined possible gender-related differ-

ences in the acoustic realization of the sibilant con-

trast in German and American English. Despite dif-

ferences in sample size (34 vs. 11 speakers) and 

elicitation (meaningless aCa sequence vs. real 

word), male and female speakers exhibit similar 

differences across the two languages, with female 

speakers, as expected from the findings of earlier 

studies, e.g. [17], realizing a stronger acoustic con-

trast than the male speakers. In the German data set 

we were also able to analyse possible differences 

relating to different accent conditions. In line with 

studies that found females producing larger dura-

tional differences between vowel categories in ac-

cented conditions [21, 2], we might have expected 

females to enhance the intersibilant contrast under 

accent even further. This does not seem to be the 

case. While the EDs plotted in figure 4 indicate that 



the female intersibilant contrast is stronger than the 

male, there is no difference between the different 

accent conditions. Indeed, if a difference is present 

between the different accent conditions, it would 

seem to be being made by the male speakers, alt-

hough this does not reach significance. A similar 

tendency was found for the realization of the vowel 

length contrast in German [25]: here, an interaction 

of gender and accent condition was found with 

males showing a larger difference between accented 

and unaccented condition than females. Reasons for 

a lack of difference are unclear, but it is possible that 

the articulatory precision required for sibilants, in 

turn reduces the space for acoustic flexibility [16]. 

We are currently examining the articulatory differ-

ences giving rise to the acoustic differences we have 

described here. The results of the present study indi-

cate that differences in the acoustics of intersibilant 

contrast are part of the learned indexicalization of 

gender. The next step will be to investigate the artic-

ulatory origins of the observed acoustic differences. 

This may cast more light on whether the acoustic 

differences are indeed produced by significant artic-

ulatory differences. Alternatively, as has also been 

found for vowels, similar articulatory differences 

between sibilants might conceivably be giving rise 

to significantly different acoustic products.  
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