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Summary 

This study presents the results of a large-scale analysis of various measures of pitch range and 

pitch variation in two typologically different language groups: English and German (Germanic) 

and Bulgarian and Polish (Slavic). The comparison is based on large multi-speaker corpora (48 

speakers for Polish, 60 for each of the other three languages). Linear mixed models were comput-

ed that include various distributional measures of pitch level, span and variation, revealing cha r-

acteristic differences across languages and between typological language groups. A classification 

Multi_Layer Perceptron algorithm based on the relevant parameter measures (span, kurtosis and 

skewness values for pitch distributions for each speaker) succeeded in separating the typologically 

different languages with 95% correctness.  Significant differences between the language groups 

were found: German and English speakers use lower pitch maxima, narrower pitch span, and gen-

erally less variable pitch than Bulgarian and Polish speakers. Short introduction to multilingual 

prosody description based on general language aspects is given. Sources of variability of funda-

mental frequency and their relevance for the extraction and interpretation of paralinguistic infor-

mation are discussed with relation to multilingual speech prosody processing. 
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1. Introduction 

Several studies over the past decades have shown 

that linguistic communities (different social 

groups within a single language or speakers of 

different languages) tend to be characterized by 

particular pitch profiles (pitch range and pitch 

variation, see Dolson, 1994 for a review). Various 

cross-linguistic studies also indicate language 

specific differences with respect to f0. Comparing 

typologically different languages (English, Span-

ish, Japanese, Tagalog), Hanley et al. (1966) and 

Hanley and Snidecor (1967) found that the funda-

mental frequency of English males had the lowest 

median f0. Later studies compared Polish vs. Eng-

lish (Majewski et al., 1972), Mandarin vs. English 

(Keating and Kuo, 2012), British English vs. 

German (Mennen et al., 2012), or Russian vs. 

German (Nebert, 2013). Some studies showed that 

bilingual speakers differ when speaking their two 

languages. For example, bilingual English/ 

Japanese speakers used a higher pitch in Japanese 

than in English (Graham, 2013). These findings 

demonstrate that such differences need not be due 

to physiological differences between speakers of 

different languages. Ohala and Gilbert’s (1979) 

report on experiments in which listeners can iden-

tify their own language (Japanese, Cantonese and 

English) based solely on prosodic cues (f0, ampli-

tude and timing characteristics). It has further been 

found that some languages are discriminable pure-

ly by their fundamental frequency (Ramus and 

Mehler, 1999 for English and Japanese, Maid-

ment, 1983 for English and French and de Pijper, 

1983 for English and Dutch). However, it is diffi-

cult to compare the data reported in these publica-

tions, because most studies have been limited to 

either male or female (mostly small numbers of) 

speakers, the analyses were based on different 

discourse types, or the methods for f0 estimation 

were different. 

 

2. Fundamentals of multilingual prosody 
description 

English and German belong to the West Germanic 

language family, Bulgarian is a member of the 

Southern branch of the Slavic language family and 

Polish belongs to the West Slavic languages. The 

primary division between the four languages con-

cerns prosodic features: word stress, accent, 

rhythm and intonation. Word stress is defined as 

the relative emphasis that may be given to certain 

syllables in a word by means of greater duration, 

higher intensity and unreduced spectral properties 

of the (vocalic) unit. Accent is relevant at a higher 

level than the individual syllable – namely within 

a prosodic phrase and is cued primarily by pitch 

movement (e.g. rising, falling, rising-falling). In-

tonation refers to the combination of pitch accents 

and other phrasal level pitch properties such as 

pitch direction at phrase edges and the relative 

height of accent peaks. 

Different languages are characterized by different 

speech rhythm. The isochrony of the syllable, the 

foot and the mora is the basic assumption behind 

the rhythmic categories. In stress-timed lan-

guages, the non-stressed syllables are shortened so 

that the interval between stressed syllables be-

comes more isochronous than they otherwise 

would be. This contrasts with languages that have 

syllable-timed or mora-timed languages, where 

each syllable or mora takes roughly the same 

amount of time regardless of stress. Arthur Lloyd 

James‘ (1940) metaphorical description of English 

as sounding like Morse Code and French like a 

machine gun is given credit for starting the endur-

ing dichotomy between „stress-timed“ and „sylla-

ble-timed“ languages. 

Bulgarian, English and German are languages with 

variable (free) stress. The stress assignment in this 

languages serves as a feature to distinguish other-

wise identical words (e.g. DIgest vs. diGEST), 

whereas in Polish the stress does not play any 

distinctive role and the place of stress is nearly 

always on the penultimate syllable (fixed stress). 

English and German are said to be stress-timed 

languages (Abercrombie, 1967, Kohler, 1982), 

Bulgarian and Polish occupy an intermediate posi-

tion on a scale of rhythm and are characterized as 

being of a mixed type (Dauer, 1987, Dimitrova, 

1998). All four languages are intonation languages 

where pitch variation is used for a range of func-

tions such as disambiguation of different syntactic 

structures, signalling the difference between 

statements and questions, and between different 

types of question, indicating the emotional state 

and attitudes of the speaker, highlighting im-

portant elements of the spoken message and regu-

lating conversational interaction. The pitch pat-

terns of speech are systematic and language-

specific. Anderson (1979) analyzes the ‘neutral’ 

pattern in German as a rising pitch on the first 

accented syllable followed by falling pitch on the 

second (‘flat hat’). In English, both the first and 

second accents are rising-falling. The ‘neutral’ 

pattern in Bulgarian is a low pitch on the first ac-

cented syllable followed by falling pitch on the 

second (Andreeva et al., 2001). In Polish the most 

frequently realized type of an accent is a static/flat 
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accent (tones of the accented and post-accented 

syllable are on almost the same level, difference 

not exceeding +/-2 semitones). Quite frequent also 

accented syllable with high pitch (flat accent) fol-

lowed by falling pitch on post-accented syllable 

(Demenko, 2014). 

In English, German and Polish the Yes/No ques-

tions carry a rising tone on the final accented unit. 

In Bulgarian the question intonation is character-

ized by a rising-falling nuclear pitch. The pitch 

maximum of the rise is reached within the vowel 

of the accented syllable, which is followed by a 

falling pitch movement. The interval between the 

highest and the lowest level of the fundamental 

frequency is an octave at least 

 

3. Basic aspects of fundamental frequen-
cy contour processing 

3.1. Sources of f0 parameter variability 

Defining and interpretation of pitch patterns re-

quires a separation of sources of variation, which 

is a very complex task. For example, a specific 

increase in the fundamental frequency may indi-

cate a grammatical function (e.g., the selection of 

accent or boundary tone), paralinguistic function 

(e.g. temporary emotion) or non-linguistic factors. 

We will shortly discuss four levels of fundamental 

frequency analysis: 1) non-linguistic (physiologi-

cal and neuro-physiological), 2) non-linguistic 

(neurolinguistic), 3) paralinguistic (psycholinguis-

tic and sociolinguistic) and 4) linguistic.  

1) Physiological and neurophysiological 

Complex functions of the respiratory and articula-

tory system directly shape the structure of the 

speech. Range of variability of segmental and 

suprasegmental parameters, especially fundamen-

tal frequency determine: a) physiologically and 

anatomically factors, b) the external factors envi-

ronmental (short-term or permanent), and c) the 

technical and situational circumstances. 

a) Features conditioned physiologically and 

anatomically 

• Height, weight, gender, individual biomechanical 

characteristics of the organ of speech. 

Characteristics of the speech signal under these 

conditions are considered rather as a relatively 

stable, such as the impact of speaker’s height, 

weight, gender at the fundamental frequency con-

firmed many researchers (Schuller et al., 2013) 

(Ey et al., 2007). 

 

• Habits of articulation.  

There are mainly in relation to the use of a specific 

range of f0 parameter changes but also to voic-

ing/unvoicing. Among others, most important 

factors are not only anatomical and physiological 

but also psycholinguistic and sociolinguistic. 

• Hormonal changes. 

Rapid changes in the voice at puberty both boys 

and girls are evidence of the influence of sex hor-

mones on organ voice and physiologically justi-

fied (Hacki, Heitmüller, 1999) 

• Aging. 

Over the years, natural variations occur in the 

organ voice. This slow process leads to fundamen-

tal changes in the acoustic parameters of voice, for 

example, the fundamental frequency is reduced in 

women, in men increase (Ramig, Ringel, 1983)  

• Pathologies. 

Pathologies are caused by various factors, such as 

alcohol, drugs, drugs. Regular use of aspirin may 

cause slight bleeding in the vocal folds, voice 

deepening and hoarseness. Numerous studies con-

firm the negative effect of nicotine on the organ of 

voice, pointing to a permanent change in heavy 

smokers (Lee et al., 1999). Analysis of a variety of 

long-term and short-term voice disorders of organ-

ic or functional nature based of fundamental fre-

quency variability is used in the early diagnosis of 

cancer of the larynx (Demenko, 1999).  

 

b) External physical factors 

• Contamination. 

The most common problem is contamination, such 

as dust, causing allergies and infections. Dust dis-

turbs the respiratory tract, causes swelling and 

inflammation of the mucous membrane of the nose 

and throat, which can cause hoarseness or even 

complete loss of voice  

• Humidity. 

Too high or too low humidity have a negative 

impact on the work of the organ voice. In the case 

of a constant work in such conditions can cause 

permanent changes in voice (Hemler et al., 1997). 

• Noise. 

Noise is considered the most important environ-

mental factor affecting the production of speech. 

To speak in noise, extra effort is needed: speaking 

louder, higher, with a more careful articulation. 

Noise can also lead to permanent changes in the 

speech organ (Biber, 1991; Junqua, 1996). 

c) Situational determinants. 
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The physical distance between the speaker and the 

listener, or a microphone, directly affects the ele-

vation of the speaker voice (Titze, Winholtz, 

1993). 

2) Neurolinguistic 

One of the most important and least studied fac-

tors affecting the acoustic structure of speech, is 

the degree of control (or lack of control) of voice 

by the speaker. Stress and extreme emotions have 

a direct impact on the physiology and functioning 

of the organ voice - changing the settings of artic-

ulation and voice track stimulation, which causes 

specific changes in the structure of the speech 

signal. The sound-related determinants of stress 

and personality features can be considered rather 

constant (Mairesse, Walker, 2006).(Pollermann, 

2002) 

3) Psycholinguistic and sociolinguistic 

Language specific components have also been 

found to be important in the perception and pro-

duction of paralinguistic aspects (Loveday, 1981 

for politeness in Japanese and English, Chen et al., 

2004 for ‘confident’, ‘friendly’, ‘emphatic’ and 

‘surprised’ in British English and Dutch). 

Luchsinger and Arnold (1965) found that Puerto 

Rican girls in New York City and native American 

women use f0 differently. While Puerto Rican 

girls tend to speak on a rather high pitch, many 

American women prefer to speak on a low pitch 

level. Dialects of a language can also differ with 

respect to the use of f0 (e.g. Deutsch et al, 2009, 

Torgerson, 2011). Different aspects of socio-

cultural, socio-economic speaker’s status have 

high significance in forensic speaker recognition 

(Nolan, 2007) 

 

4) Linguistic level 

Analysis of the fundamental frequency differences 

is particularly useful for the characterization and 

recognition of speaker’s language competence. 

Pitch patterns provide basic information on gram-

matical and syntactical language dependant rela-

tions. (Hirst, Di Cristo, 1998). 

3.2. Methodological and technical problems 

Considering the practical use of fundamental fre-

quency processing in speech technology must 

account the basic determinants of sources of vari-

ability: (a) individual (features-individual speaker 

at various levels), (b) the external environment, 

forced (e.g., Lombard, cocktail party, spatial fac-

tors, atmospheric) and c) technical (microphone, 

acoustic track, environmental conditions). 

Methodological and technical problems f0 parame-

ter processing will include: 1) analysis of temporal 

variability, 2) reliable extraction, 3) normalization, 

and 4) correlations between different sources of 

variability. 

1) Temporal variations 

In general characteristic features of speech fea-

tures most often referred to as short-, medium-and 

long-term (Demenko, 1999).(Schuller et al., 2013) 

• Long-term. Biological factors related to the size, 

weight, age, gender speakers considered to be 

relatively stable. In addition, language habits re-

sulting from membership in social, education, 

dialect, personality, habits articulation of specific, 

idiosyncratic pitch patterns structures help to de-

fine relatively effective characteristics of the 

speaker (Walton, Orlikoff, 1994). 

• The medium-term. Features caused by more or 

less temporary health conditions, such as drowsi-

ness (Krajewski et al., 2009), poisoning, e.g., an 

alcohol (Pisoni, Martin, 1989); (Schiel, 2012) a 

general medical condition (Maier et al., 2009) 

mood (Ellgring, Scherer, 1996) are usually tempo-

rary. 

• Short. Most often associated with temporary 

changes to the way of expression, caused e.g. 

emotions (Schuller et al., 2009), stress (Hansen, 

1996), uncertainty (Litman et al., 2009), politeness 

(Yildirim et al., 2005), frustration (Lee, 2001), 

sarcasm (Rankin et al., 2009), physical ailments 

(Cowin et al., 2003), are unstable, however, cause 

significant, temporary, specific changes in seg-

mental but mostly in suprasegmental (fundamental 

frequency) patterns. 

2) Reliable extraction 

Reliable extraction of fundamental frequency of 

speech in itself is a challenge. For example, in the 

telephone speech signal parameter f0 is often out 

of band transmit narrowband networks (0.3 to 3.4 

kHz) and algorithms must be based exclusively on 

data from higher harmonics (Hess, 1982). 

The complexity of the problem is caused by the 

specific characteristics of the speech signal: 

(1) The excitation signal is quasi-periodic. It has 

irregular pitch changes, even for average quality 

voices there are significant abnormal signal perio-

dicity. 

(2) Voice track shape changes at intervals of the 

order of ms, which causes significant variation in 

the structure of the spectrally-time signal. 

(3) The signal is discontinuous, existing pauses in 
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speech and unvoiced consonants are the cause of 

interruptions in the course of the fundamental fre-

quency. 

(4) Speech fundamental frequency can be varied 

within the range of about 4 octaves (50 - 800 Hz). 

(5) The speech signal can be further distorted 

(clipped lower frequency range, high noise level). 

Different techniques have their specific drawbacks 

of the method used signal processing (e.g., sensitiv-

ity to the changes in signal level). 

Errors usually includes extraction into one of three 

groups: 

a) the so-called large errors (often due to improper 

measurement of second or higher harmonics  

b) minor errors that result from the inaccuracy of 

the method used, 

c) errors in the detection of voicing/unvoicing. 

 

The optimal solution currently used is the use of 

several parallel working extractors fundamental 

frequency and taking into account statistically the 

most reliable combination of results. 

General variability of the fundamental frequency is 

controlled by the speaker (e.g., resolution, type 

accents), while microfluctuations signal (arising out 

of phonetic context) are determined by aerodynam-

ic phenomena. 

In fact, the human auditory system smoothes out 

the irregularities and changes the parameter f0 per-

ceives as a continuous melodic structure. Micro-

prosodic fundamental changes of f0 parameter and 

pauses caused unvoicing consonants have no effect 

on auditory perception accent, while contributing to 

the impression of naturalness signal. 

3.3. Normalization 

Fundamental frequency curves may exhibit differ-

ences in terms of: 

a) the continuity/discontinuity 

b) rate of speech and rhythm features 

c) different distribution of extremes (specific 

location of pitch accents). 

One way to achieve invariance is to normalize the 

data. The normalization and standardization is an 

important aspect of the preparation of data for anal-

ysis, as already simple scaling the coordinates may 

lead to a different division into groups. The most 

common methods include normalization parameter 

change f0 with respect to arbitrarily chosen values. 

Commonly used normalization using the mean 

parameters of the distributions of the fundamental 

frequency, the mean and standard deviation (Rose, 

2002). One of the reasons for the difficulties in 

modeling and analysis of the structures of intona-

tion is uneven speech rate of speech. Numerous 

attempts to solve this problem to the problem of 

normalization are based on nonlinear method (time 

warping), dynamic programming technique (DTW). 

3.4. Correlating features 

Among the features there are significant correla-

tions. For example, certain demographic, dialecto-

logical ethnicity are significantly related to each 

other, determine the accent, the pronunciation, so-

called. sociolect, which proved to be extremely 

useful for example in forensic (Becker et al., 

2008). 

 

4. Experimental data and measurement 

4.1. Data 

Two Slavic (Bulgarian and Polish) and two Ger-

manic (German and British English) languages are 

in the focus of this study (cf. 2.). The material 

analyzed is continuous read speech taken from two 

comparable multi-lingual speech databases, for 

German and English: EUROM-1 (Chan et al., 

1995) and for Bulgarian and Polish: BABEL 

(Roach et al., 1998). We used a subset of the data, 

consisting of 3 cognitively linked short passages, 

containing 5 thematically connected sentences, 

read by 60 speakers (30 male and 30 female) for 

Bulgarian, German and English and 48 speakers 

(24 male and 24 female) for Polish. The passages 

were based on identical, real-life topics for the 

different languages, freely translated and adapted 

for Bulgarian, German and Polish from the origi-

nal English texts. The overall length of the ana-

lyzed material is about 70 minutes for Polish and 

90 minutes for each of the other three languages. 

4.2. f0 Measures 

Pitch values were collected at 0.01 seconds time 

steps for the male and 0.005 seconds time steps for 

the female speakers using the RAPT algorithm 

(Talkin, 1995) implemented in the program 

‘get_f0’ from the ESPS software package. The 

automatically extracted f0 values were verified 

and manually corrected, if necessary. Irregular 

voiced stretches of speech due to laryngealization 

were excluded from further analyses. 

According to Ladd (1996), f0 values can be at-

tributed to two partially related but distinct charac-

teristics of a speaker's performance: (a) pitch lev-

el, i.e. the overall height of the speaker’s voice, 

and (b) pitch span, i.e. the range of frequencies 

covered by the speaker. To analyze the cross-

language differences in pitch range and variation, 

the following distributional measures were calcu-
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lated: mean f0 values for level and the pitch excur-

sion for span, whereas the latter was simply com-

puted as the difference between maximum and 

minimum pitch values over a passage. The ob-

tained Hertz measurements for span were addi-

tionally converted to semitones by means of the 

formula (Reetz, 1999): 

39.863 * log10(Maximum/Minimum). 

The measures describing the variation and 

shape of the f0 distribution were standard devia-

tion (SD), kurtosis and skewness (in Hz). 

Means and standard deviations for the distribu-

tional measures used for language comparison of 

level and span, by language and gender are given 

in Table I. 

 

5. Statistical evaluations 

As first evaluation of representativeness of speech 

data preliminary analysis of stability of f0 distribu-

tions for each speaker has been analysed. Each 

distribution was based on three passages approx. 

25-35 seconds long (5 sentences). The average dif-

ference between mean f0 values of three distribu-

tions was approx. 5 Hz. Figure 1 shows three distri-

butions for one male English speaker. 

 

Figure 1. f0 distributions from 3 passages for one 

                speaker. 

In order to determine the influence of the speak-

ers‘age on the f0 values under investigation (cf. 

3.1.) first the speakers were divided into two age 

groups: (a) younger than 32 years and (b) older 

than 32 years. Subsequently, linear mixed models 

with the respective f0 measure as dependent fac-

tor, speaker and item as random factors and lan-

guage (Bulgarian/Polish/English/German), gender  

(male/female), age (younger speakers/older speak-

ers) and height as independent factors, as well as 

all their possible interactions, were computed for 

each dependent variable in separate analyses (for 

details see Andreeva et al., 2014). 

Separate Tukey post-hoc tests were carried out per 

variable, if appropriate. The confidence level was 

set at α=0.05. 

5.1. The effect of age and height 

The mean, median, standard deviation and range 

values of the age and height of the female and 

male speakers are reported in Tables IIa, IIb, IIIa 

and IIIb. 

 

Table IIa. Mean median, standard deviation (SD) 

and range values of the age of female speakers. 

 BG PL DE EN 

median 36.0 25.5 27.0 32.5 

mean 36.0 32.9 30.4 36.1 

SD 13,0 13.4 8.6 11.3 

max 69 57 61 56 

min 20 19 22 19 

 

Table IIb. Mean median, standard deviation (SD) 

and range values of the age of male speakers. 

 BG PL DE EN 

median 36.0 24.0 26.0 29.5 

mean 35.2 29.8 30.0 34.7 

SD 12,3 12.5 7.4 12.4 

max 61 60 54 66 

min 21 21 23 21 

 

Table IIIa. Mean median, standard deviation (SD) 

and range values of the height of female speakers. 

 BG PL DE EN 

median 164.5 165.0 170.0 162.0 

mean 164.1 166.2 166.2 164.3 

SD 6,2 7.1 4.4 7.6 

max 176 180 183 182 

min 145 152 160 153 

 

Table IIIb. Mean median, standard deviation (SD) 

and range values of the height of male speakers. 

 BG PL DE EN 

median 180.0 182.0 182.0 178.5 

mean 180.5 181.5 181.4 179.8 

SD 5,6 7.1 7.0 6.4 

max 194 196 195 200 

min 170 170 162 170 
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The results of the statistical analysis show a sig-

nificant main effect for age on minimum f0, span 

in Hertz and semitones and SD. The ‘older’ speak-

ers had a significantly lower minimum f0 (F [1, 

195.9] = 17.39, p<0.001), higher f0 span in Hertz 

(F [1, 196] = 8.39, p<0.05) and semitones (F [1, 

196] = 20.90, p<0.001) and higher SD (F [1, 196] 

= 4.85, p<0.05) than the ‘younger’ speakers (cf. 

Figure 2).  

There was no significant main effect for speakers’ 

height.  

Figure 2: Age main effect on f0 minimum, SD and 

                span in Hertz. 

5.2. The effect of gender 

Predictably, gender had a significant main effect 

on mean f0 (F [1, 220] = 1143.382, p<0.001), min-

imum f0 (F [1, 220] = 669.243, p<0.001), maxi-

mum f0 (F [1, 220] = 807.7228, p<0.001), f0 span 

measured in Hz (F [1, 220] = 270.4249, p<0.001), 

SD (F [1, 220] = 202.9187, p<0.001) and skew-

ness (F [1, 220] = 7.8404, p<0.0056), with females 

having significantly higher f0. Gender did not 

differ in kurtosis and f0 span measured in semi-

tones (see Figure 3 for f0 mean, maximum, mini-

mum and span measured in semitones). 

 

Figure 3: Gender main effect on f0 mean, maxi- 

                mum, minimum and span in semitones 

5.3. The effect of language 

However, over and above the expected gender effect, 

there was also a significant main effect of language 

on all measurements except on minimum f0, where 

the speakers are near the floor of their physiological 

f0 range. Separate post-hoc tests showed that Bulgar-

ian and Polish speakers had a significantly higher 

mean f0 (F [3, 220] = 87.9677, p<0.001) and f0 span 

in semitones (F [3, 220] = 41.1905, p<0.001) than 

English and German speakers. In the Slavic lan-

guages f0 varies most strongly (possibly indicating 

more liveliness). Polish and Bulgarian reveal signifi-

cantly higher SD values than English and German, 

although the English values are significantly greater 

than the German ones (F [3, 220] = 60.7884, 

Table I. Means and standard deviations for the distributional measures, by language and gender. The val- 

             ues for each measure are given in Hz except for the second span measure which is in semitones. 

Measure 
Bulgarian Polish German English 

male female male female male female male female 

mean 160 (21) 272 (32) 163 (22) 266 (24) 118 (16) 210 (20) 128 (22) 217 (20) 

minimum 88 (15) 149 (25) 85 (15) 149 (21) 80.0 (12) 146 (25) 84 (13) 151 (23) 

maximum 238 (37) 422 (52) 260 (37) 443 (62) 176 (29) 299 (31) 200 (43) 337 (53) 

span 150 (37) 273 (49) 176 (36) 294 (66) 96 (26) 154 (35) 116 (39) 186 (61) 

span (s.t.) 17.2(3.6) 18.2 (3.0) 19.5 (3.4) 18.9(3.7) 13.6(2.7) 12.7 (3.5) 14.9 (3.4) 13.9 (4.1) 

SD 29 (8) 52 (12) 32 (8) 53 (14) 17 (5) 28 (7) 22 (9) 35 (11) 

skewness .01 (.33) .17 (.33) .11 (.53) .47 (.43) .41 (.45) .29 (.31) .54 (.42) .66 (.46) 

kurtosis -.26 (.48) -.19 (0.46) .29 (.54) .28 (.86) .30 (.93) -.17 (.75) .34 (1.00) .51 (1.15) 
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p<0.001). The four languages differ significantly in 

their maximum f0 values (F [3, 220] = 90.5398, 

p<0.001). We found a positively skewed f0 distribu-

tion for the four languages. This implies that the 

most frequent f0 observation occurs lower than the 

mean. The skewness values for English speakers 

were significantly higher than those for German and 

Polish speakers and the values for the German and 

Polish speakers were significantly higher than those 

for Bulgarian speakers (F [3, 220] = 21.3182, 

p<0.001). English speakers had a higher kurtosis 

than German and Bulgarian speakers, and Polish 

speakers had a higher kurtosis than Bulgarian speak-

ers (F [3, 220] = 13.1106, p<0.001). This reflects the 

fact that f0 in Bulgarian and German is distributed 

over a narrower area (cf. Table I and Figure 4). 

The statistical analysis further revealed a significant 

interaction between language and gender for mean 

f0, maximum f0, SD, and skewness. This interac-

tion can be explained by the higher f0 register used 

by the Slavic speakers compared to the German 

speakers. The (relatively high) register for Polish 

and Bulgarian male speakers is in the same range of 

absolute f0 values as that of English and German 

female speakers, causing them to group together in 

some analyses. Thus, the general pattern of higher 

f0 values for the Slavic speakers than for Germanic 

speakers is retained. These results are in line with 

our findings in Andreeva et al., 2014. Table IV 

shows the f0 measure patterns by languages. 

Table IV. Language-group differences for the f0 

measures on the basis of Tukey post-hoc compari-

sons. 

 

f0 measure 
significant language-group  

differences 

mean f0 BG = PL > EN = DE 

min f0 N.S. 

max f0 PL > BG > EN > DE 

span s.t. PL = BG > EN = DE 

SD PL = BG > EN > DE 

skewness EN > DE = PL > BG 

kurtosis EN = PL > PL = DE > BG 

 

  
  

Figure 4: Probability density function for female (left panel) and male (right panel) speakers 

 

6. Classification with Multi-Layer Per-
ceptrons (MLPs) 

As discussed above, most f0 measures - with the 

exception of minimum f0, which tends to reflect the 

lower physiological limit of f0 production and is 

therefore quite stable across languages - appear to 

be characteristic of individual languages. However, 

the more general pattern that emerges from Table 

IV is a separation of languages along the line of 

typologically distinction, in that the Slavic lan-

guages (Bulgarian and Polish) as a group differ 

from the Germanic languages (English and Ger-

man) for most f0 measures in a consistent manner. 

To estimate the strength of the contribution of f0 

measures to the typological distinction and the pos-

sibility of distinguishing data which were not line-

arly separable by classical statistical methods, a 

classification with MLP (with backpropagation 

learning algorithm) was performed. The MLP net 

model was used as an attempt to explain the cate-

gorical variable (a) “language group” (Slavic vs. 

Germanic) and (b) “gender” (male vs. female). 

A Multi-Layer Perceptron with 3 input neurons 

equalling the number of input features (span, kurto-

sis and skewness), 7 hidden layers, and 2 output 

neurons for each language group was used because 

a performance maximum was observed using 7 

neurons in the hidden layers compared to other nets 
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architectures (20 different nets were used for pre-

liminary evaluation of the quality of training). The 

outputs were normalized as posteriors by a softmax 

function. For the training 70% of the data were 

used, the validation set and the test set comprises 

15% of the data. 

The classification was based on three variables, f0 

span (in semitones), f0 kurtosis and skewness. 

These three variables were selected because they 

are representative of pitch range and pitch variabil-

ity, respectively, and there were no interactions 

found between gender and language in the statisti-

cal analysis with the linear mixed models. Since the 

classification was carried out for male and female 

speakers together we expect these two variables to 

be key ingredients of language (group) specific 

pitch profiles.  

The graph in Figures 5 provides a visual represen-

tation of f0 span (in semitones) and kurtosis (in 

Hz) for the Slavic and Germanic language groups. 

The figure show a clear separation between the 

different groups – 91 % correct classification for 

the Germanic and 81 % for the Slavic language 

group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Visualization of language group classify- 

               cation (Slavic  vs. Germanic) on the ba- 

               sis of f0 span and kurtosis. 

 

The English and German speakers cluster in the 

lower right corner of the span/kurtosis plane, 

while the Bulgarian and Polish speakers cluster 

mostly in the higher left sector. Further research 

using different methods and measures of analysis 

is needed to explain this pattern. The measures 

used in this study are to general for the precise 

interpretation of the results. An alternative to 

measuring f0 distribution is to reduce the f0 con-

tour to a series of target points representing the 

significant pitch changes by automatic stylization 

(cf. Campione and Véronis, 1998) or by pitch ac-

cents labelling. The classification male/female was 

also based on three variables, f0 span (in semi-

tones), f0 kurtosis and skewness. 

 

 

  

Figure 6: Visualization of gender classification 

               (males vs. females) on the basis of f0  

               span and kurtosis.  

 

The graph in Figure 6 provides a visual representa-

tion of f0 span (in semitones) and kurtosis (in Hz) 

for the males and females. The figure shows a no 

separation between the gender – 48 % correct clas-

sification for males and 35% for females. 

 

7. Discussion and Conclusions 

This paper contributes to the growing number of 

studies on cross-language differences in pitch 

range and pitch variation. Our results are in line 

with our previous research (Andreeva et al. 2014) 

and confirm the hypothesis that linguistic commu-

nities tend to be characterized by particular pitch 

profiles. The male and female speakers of the 

Slavic group used considerably higher mean, max-

imum f0 and span in semitones and showed a larg-

er SD (possibly indicating more liveliness) than 

the speakers in the Germanic group. Classification 

with Multi-Layer Perceptron with span, kurtosis 

and skewness as input variables show clear separa-

tion between the Germanic and Slavic group. 

In future work we expect to refine our measures of 

pitch range, by including linguistically based 

measures which were found to be better predictors 

of differences in pitch range and pitch variation 

across speakers and languages (Campione and 

Véronis, 1998, Mennen et al., 2012), and also by 

adding data from Bulgarian and Polish L2 speak-

ers of English and German, more languages, as 

well as spontaneous speech data. 
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