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Abstract

This study presents the results of a large-scatepaoison of
various measures of pitch range and pitch variatiotiwo

Slavic (Bulgarian and Polish) and two Germanic (Gerrand
British English) languages. The productions of twemto

speakers per language (eleven male and elevendgmaivo

different tasks (read passages and number setspamgared.
Significant differences between the language groaps
found: German and English speakers use lower pitaxima,

narrower pitch span, and generally less variabtehpthan
Bulgarian and Polish speakers. These findings stipiber
hypothesis that linguistic communities tend to baracterized
by particular pitch profiles.

Index Terms. pitch range, pitch variation, cross-language
differences, Bulgarian, Polish, German, British Estyli

1. Introduction

Several studies over the past decades have shoain th
linguistic communities (different social groups hiit a single
language or speakers of different languages) temdod
characterized by particular pitch profiles (pitelmge and pitch
variation, see [7] for a review). Luchsinger anchéld [14]
found that Puerto Rican girls in New York City andive
American women use fundamental frequenf€y (ifferently.
While Puerto Rican girls tend to speak on a ratlghn pitch,
many American women prefer to speak on a low pléstel.
Dialects of a language can also differ with respet¢he use of
fO (e.g. [6, 29]). Various cross-linguistic studidsoaindicate
language specific differences with respectf@o Comparing
typologically different languages (English, Spanidapanese,
Tagalog), Hanley et al. [9] and Hanley and Snidejdd]
found that the fundamental frequency of Englishesdlad the
lowest medianfO. Later studies compared Polish vs. English
[17], Mandarin vs. English [4, 11], British Englisk. German
[18, 19], or Russian vs. German [20]. Some studleswed
that bilingual speakers differ when speaking théwo
languages. For example, bilingual English/Japarsgsakers
used a higher pitch in Japanese than in Englist2$3,30].
These findings demonstrate that such differences met be
due to physiological differences between speakedifierent
languages.

Ohala and Gilbert's [21] report on experiments ihick
listeners can identify their own language (Japan€setonese
and English) based solely on prosodic cd@sgmplitude and
timing characteristics). It has further been fouhdt some
languages are discriminable purely by their fundztae

frequency ([23] for English and Japanese, [15] &) for
English and French and [5] for English and Dutch).

Language specific components have also been faubé t
important in the perception and production of paglistic
aspects ([13] for politeness in Japanese and Endi® for
‘confident’, ‘friendly’, ‘emphatic’ and ‘surprisedin British
English and Dutch).

However, it is difficult to compare the data repartin
these publications, because most studies have limeiéed to
either male or female (mostly small numbers ofjakees, the
analyses were based on different discourse typesth®
methods fof0 estimation were different.

The aim of this study is to lay a foundation fotasge-
scale quantitative analysis of the fundamentaldeagy (level
and span) of speakers of two typologically differEamguage
groups (Slavic: Bulgarian and Polish, and Germa@ierman
and (British) English). The analysis presented elmsed on
the assumption that pitch range and pitch variatian
linguistically homogeneous communities will clusteithin
each community, but might differ across communities

2. Material and Methods

Two Slavic (Bulgarian and Polish) and two Germanic
(German and English) languages are in the foctisi®ftudy.
The material analyzed is continuous read speeatntflom
two comparable multi-lingual speech databases, EUROM
(for German and English) [2] and BABEL (for Bulgariand
Polish) [25, 26]. We used a subset of the datasisting of 3
blocks of 20 numbers (from 0 to 9999) and 3 couyelyi
linked short passages, containing 5 thematicallgneoted
sentences, read by 22 speakers (11 male and llejepsa
language. The passages were based on identicallifeea
topics for the different languages, freely traredladnd adapted
for Bulgarian, German and Polish from the originaigksh
texts. The overall length of the analyzed matqréallanguage
is about 60 minutes.

3. foMeasures

Pitch values were collected at 0.01 seconds tieessfor the
male and 0.005 seconds time steps for the femadakeps
using the RAPT algorithm [27] implemented in the greon
‘get_fO’ from the ESPS software package. The autimailly
extractedfO values were verified and manually corrected, if
necessary. lIrregular voiced stretches of speech uue
laryngealization were excluded from further anadyse

Campbell, Gibbon, and Hirst (eds.)

Speech Prosody 7, 2014

776



SP-7

Conference Programme

According to Ladd [12]f0 values can be attributed to two
partially related but distinct characteristics of speaker's
performance: (a) pitch level, i.e. the overall eigf the
speaker’'s voice, and (b) pitch span, i.e. the ramje
frequencies covered by the speaker. To analyzectbss-
language differences in pitch range and variatidine
following distributional measures were calculatetean and
medianfO values for level and interquartile range (IQR) and
the simple pitch excursion for span, whereas tlierlavas
simply computed as the difference between maximuna a
minimum pitch values over a passage or number bldble
obtained Hertz measurements for span were addijona
converted to semitones by means of the formula [24]

39.863 * log10(Maximum/Minimum).

The measures describing the variation and shapleed®
distribution were standard deviation (SD), kurtosasd
skewness (in Hz).

4. Results

Means and standard deviations for each of theilligional
measures for pitch level and span are presentethlie 1,
organized by language, speaker sex, and task.

As a first step towards determining the differendie=ar
mixed models with the respective measure as depénde
variable, speaker as random factor, and native ukzge
(Bulgarian/Polish/English/German), gender (male/fienand
task (passage/number set) as fixed factors, asasell their
possible interactions, were computed for each digren
variable in separate analyses. Separate Tukeyhpastests
were carried out per variable, if appropriate. Toafidence
level was set ai=0.05.

4.1.

Predictably, gender had a significant main effactneean (F
[1, 80] = 520.32, p<0.001) and medifin(F [1, 80] = 480.50,
p<0.001), IQR (F [1, 80] = 70.47, p<0.001), minimdién(F
[1, 80] = 266.57, p<0.001), maximufd (F [1, 80] = 341.84,
p<0.001) and SD (F [1, 80] = 94.69, p<0.001), wWimales
having significantly highef0 values (cf. Figure 1 for level
measures). Gender did not differ in skewness, kigtandfO
span measured in semitones.

g

Passages

FEMALE
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o
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100

BULGARIAN POLISH ENGLISH GERMAN

Figure 1:Mean fO pooled over all male and female speakers
and all tasks.

Table 1. Means and standard deviations for theiloligtonal
measures by language, speaker sextasid The
values for each measure are givehlanexcept for
the second span measure which isrinitenes.

Passages Numbers
measure " = . =
BG mean 154 (17) 275 (26)155 (19) 272 (28)
median 154 (17) 273 (26) 159 (20) 278 (29)
IQR 43 (13) 72 (17) 28 (9) 55 (16)
minimum 81(11) 152 (24) 83(17) 165 (24)
maximum 231 (34) 428 (42) 195 (23) 352 (40)
span 151 (33) 276 (42) 112 (21) 187 (30)
span (ST) 18.3 (3.1) 18.0 (2.7) 14.9 (3.0) 13.1 (1.8)
SD 29 (8) 52 (9) 22 (5) 40 (8)
skewness -.02(.39) .18 (.24) -.95(.54) -.50)(.38
kurtosis -.27 (.71) -.25(39) .98 (1.5) -.1m8)
PL mean 157 (18) 259 (21) 165 (19) 260 (28)
median 156 (19) 254 (21) 166 (20) 259 (31)
IQR 38(11) 62(15) 51(18) 73(18)
minimum 82(8) 146 (23) 92(21) 165 (16)
maximum 246 (34) 437 (56) 231 (27) 382 (50)
span 165 (33) 291 (59) 139 (30) 217 (43)
span (ST) 18.0 (2.7) 18.1 (3.6) 1€.2 (4.0) 14.5 (2.2)
SD 30 (8) 50(9) 32(10) 46 (9)
skewness .10 ((.51) .49 (.43) -.18 (.41) .10)(.35
kurtosis .28 (.,57) .52 (1.0) -.77 (.40) -.76).4
DE mean 120 (18) 206 (21) 116 (18) 202 (19)
median 119 (19) 204 (22) 117 (18) 204 (18)
IQR 24 (8) 44 (13) 15 (5) 28 (6)
minimum 82 (14) 137 (30) 85(15) 144 (24)
maximum 181 (33) 298 (30) 149 (22) 264 (25)
span 100 (28) 161 (39) 64 (11) 120 (24)
span (ST) 13.8 (2.9 13.9 (4.) 9.7 (1.4)10.6 2.6)
SD 18 (6) 30 (8) 11 (3) 20 (4)
skewness 44 (.49) .26 (.29) -.23(.51) -.04 (.48)
kurtosis 35 (1.1) -.29 (.41) .17 (.75) .15 (1.4)
EN mean 127 (23) 218 (23) 119(19) 213 (29)
median 125 (22) 214 (25) 119 (20) 212 (31)
IQR 30(13) 41(12) 27(15) 32(14)
minimum 84 (14) 155(22) 79(10) 160 (31)
maximum 205 (52) 330 (44) 180 (45) 294 (42)
span 121 (44) 175 (47) 101 (43) 134 (36)
span (ST) 15.1 (3.2) 13.1 (3.4) 14.0 (3.9) 10.7 (3.)
SD 23 (9) 32(8) 19 (10) 23 (8)
skewness .67 (.36) .72 (.47) .41 (.46) .47 (.48)
kurtosis .50 (.91) .73(1.1) .26 (1.7) .23(.90)

However, over and above the expected gender effieete
was also a significant main effect of language dh a
measurements except on minimd®wherethe speakers are
near the floor of their physiologic# range. Separate post-
hoc tests showed that Bulgarian and Polish spediaisa
significantly higher mearf0 (F [3, 80] = 33.07, p<0.001),
medianf0 (F [3, 80] = 32.60, p<0.001), IQR (F [3, 80] =
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21.06, p<0.001), maximui@® (F [3, 80] = 33.29, p<0.001j0
span in semitones (F [3, 80] = 17.05, p<0.001) 8Bd(F [3,
80] = 26.96, p<0.001) than English and German sgrsakVe
found a positively skewedO distribution for the four
languages. This implies that the most frequénbbservation
occurs lower than the mean. The skewness valueSrglish
speakers were significantly higher than those farn@an,
Polish and Bulgarian speakers (F [3, 80] = 11.540.¢01).
English speakers also had a higher kurtosis thama&we and
Bulgarian speakers, and Polish speakers had a higinersis
than Bulgarian speakers (F [3, 80] = 8.33, p<0.00his
reflects the fact thdd in Bulgarian and German is distributed
over a narrower area (cf. Tables 1 and 2).

The statistical analysis revealed a significaneriattion
between language and gender for méagF [3, 80] = 3.10,
p<0.05), maximunfo (F [3, 80] = 6.15, p<0.001) and SD (F
[3, 80] = 3.76, p<0.05). In the passages, the swealif the
Slavic group used higher averaf® and higher maximum
values and showed a larger SD (possibly indicatimgre
liveliness) than the speakers in the Germanic grdap only
exceptions to this finding are the English maleakpes with
respect to their maximurf0 values and SD (cf. Figure 2a).
Thus, the English male speakers used the same maxfth
values and had the same SD as the German malecspeaid
the male speakers from the Slavic group. Figuresrith 2b
display the mean and maximum pitch values as vse8[a for
male and female speakers in the four languages.

4.2.  Number Blocks

In these analyses, as expected, we found agaimtmen had
a significantly higher meaf0 (F [1, 80] = 424.13, p<0.001),
medianf0 (F [1, 80] = 379.82, p<0.001), IQR (F [1, 80] =
43.09, p<0.001), maximuri® (F [1, 80] = 339.89, p<0.001),
minimumf0 (F [1, 80] = 315.98, p<0.001) and SD (F [1, 80]
=51.78, p<0.001) . In contrast to the findingstfte passages,
in the number task male speakers used a largeudney
range in semitones (F [1, 80] = 6.97, p<0.01) tfemales.
This result may be partially attributed to the fwt speakers
tend to use quite idiosyncratic intonation pattefas the
number blocks: some speakers prefer continuatisesrito
separate the blocks, other speakers tend to udmgfal
intonation to end a block. Gender was also sigamificfor
skewness (F [1, 80] = 8.32, p<0.05).

Table 2.Language-group differences for the fO measures
on the basis of Tukey post4muoparisons.

significant language-group differences

fO measure

passages number blocks
meanf0 BG=PL>EN=DE BG=PL>EN=DE
medianfO BG=PL>EN=DE BG=PL>EN=DE
min fO N.S. N.S.
IQR BG=PL>EN=DE PL>BG>EN=DE
maxf0 PL=BG>EN=DE PL>BG>EN>DE
span ST PL=BG>EN=DE PL=BG>BG =EN>DE

SD BG=PL>EN=DE PL>BG>EN=DE

skewness EN>DE=PL=BG EN>PL=DE>BG

kurtosis EN=PL>PL=DE> BG=EN=DE>PL

DE=BG

Again, a significant main effect of language wasno in
all measures excef® minimum: mearfO (F [3, 80] = 37.75,
p<0.001), mediafO (F [3, 80] = 36.73, p<0.001), IQR (F [3,
80] = 44.68, p<0.001), maximurfo (F [3, 80] = 35.52,

p<0.001),f0 span in semitones (F [3, 80] = 16.27, p<0.001),
SD (F [3, 80] = 42.57, p<0.001), skewness (F [3,881.87,
p<0.001) and kurtosis (F [3, 80] = 9.82, p<0.0tHywever,
the post-hoc tests yielded different language gramsp (cf.
Table 2).

Significant interactions between gender and langwegre
found for IQR (F [3, 80] = 3.30, p<0.05), SD (F &] = 3.71,
p<0.05) and kurtosis (F [3, 80] = 2.99, p<0.05).

4.3. Level vs. Span

The scatter plots in Figures 3 and 4 provide a alisu
representation dD span (in Hz) and level (medd Hz) for all
speakers of the four languages. The figures shaw sbhme
speakers have a wide span but differ in level oe viersa, i.e.
some speakers have a similar level but differ iansprhe
English and German speakers cluster in the lowferctener
of the level/span plane, while the Bulgarian andidpol
speakers cluster mostly in the higher right sectohjch
indicate that Slavic speakers may are more exmedsian
Germanic speakers in terms of span and level. Ta&es
plots also illustrate the different strategies ofme speakers
with respect to task type

task: PASSAGES, gender: MALE
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I MEAN
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300
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f0 MEASURE
\

T T
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Figure 2a:Mean and maximum fO values and SD fioale
Bulgarian, Polish, English andr@&an speakers.
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Figure 2b:Mean and maximum f0 values and & female
Bulgarian, Polish, English aG&rman speakers.
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Figure 4:Scatter plot showing span and level from the nunbbmrks for male (left panel) and female (right pBrspeakers.

5. Discussion and Conclusions

This paper contributes to the growing number ofligtsi on
cross-language differences in pitch range and pitsiation.
Our results confirm the hypothesis that linguistienmunities
tend to be characterized by particular pitch pesfilGerman
and English speakers use a considerably lower,leagtower
span, and generally less variable pitch than Bugaand
Polish speakers. Gender also plays a significal i fO
variation. In the present study a distinctive frexey region as
well as different mean frequencies were found falemand
female speakers (about 139 Hz and 238 Hz respbdtive
However, the differences in mean frequencies werethe
average less than one octave: 10.14/9.72 semitdoes
Bulgarian, 8.63/7.86 semitones for Polish, 9.32/%édhitones
for German and 9.51/10.11 semitones for Englishist(fi
number for passages, second one for number blocks).

Systematic differences between tasks were obsewrddh

appear to be attributable to differing strategiest tspeakers
employ when reading short stories versus lists whivers.
Inter-speaker variability was considerably greater the

number lists. The syntactic-semantic structure had story
seems to constrain the speakers' prosodic options.

Our results do not corroborate the results repotigd
Mennen and colleagues [18, 19]; the female Enghsid
German speakers do not differ with respect to lewel span.
But distributional measures may in fact not be ableapture
significant cross-linguistic differences (cf. [19,122]). In
future work we expect to refine our measures aftpitange,
by including linguistically based measures whichreviound
to be better predictors of differences in pitchgarand pitch
variation across speakers and languages, and glisalding
data from more speakers, including Bulgarian andsRdl2
speakers of English, more languages, as well astapeous
speech data.

6. Acknowledgements

This research was partially supported by ResearchantGr
UMO-2012/04/M/HS2/00551 from the NCN (Polish Natibna
Research Center).

We would like to thank Ryszard Gubrynowicz (Speech
Acoustics Laboratory, Institute of Fundamental Texbgy
Research, Polish Academy of Science) and Snezhina
Dimitrova (English Department, Sofia University ‘8diment
Ohridski”) for kindly providing the Babel databades Polish
and Bulgarian, respectively.

Campbell, Gibbon, and Hirst (eds.)

Speech Prosody 7, 2014 779



SP-7

Conference Programme

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

El
(10]

[11]

[12]

(23]

(14

[15]

[16]

[17]

(18]

(19]

(20]

(21]

[22

[23]

7. References

Campione, E. , and Véronis, J. (1998). A statistitatly
of pitch target points in five languagd@roceedings of
ICSLP’98 1391-1394.

Chan, D. Fourcin, A.; Gibbon, D.; Granstrom, B.;dKuale, M.;
Kokkinakis, G.; Kvale, K.; Lamel, L.; Lindberg, BMoreno, A.;
Mouropoulos, J.; Senia, F.; Trancoso, |.; Velda@d Zeiliger, J.
(1995). Eurom - a spoken language resource forBbe In
Eurospeech’ 95. Proceedings of the 4th Europearfé@ence on
Speech Communication and Speech Technplhgyladrid., 18-
21 September 1995, 867-870.

Chen, A, Gussenhoven, C., and Rietveld, T. (20Ddhguage-
specificity in the perception of paralinguistic anational
meaninglanguage & Speech7, 311-349.

Chen, G. T. (1972)A comparative study of pitch range of native
speakers of Midwestern English and Mandarin Chinese
acoustic studydoctoral dissertation, University of Wisconsin-
Madison, Madison.

de Pijper, J. R. (1983Modelling British English intonatign
Dordrecht - Holland: Foris.

Deutsch, D., Le, J., Shen, J., and Henthorn, TO4R0The pitch
levels of female speech in two Chinese villagksirnal of the
Acoustical Society of AmericApril, 125, EL208.

Dolson, M. (1994). The pitch of speech as a fumctiaf
linguistic communityMusic Perceptioril (3), 321-331.
Graham, C., (2013). Revisiting f0O Range Produciiodapanese-
English Simultaneous BilingualAnnual Report of UC Berkeley
Phonology Lap110-125.

Hanley, T.D., Snidecor, J.C., and Ringel, R. (1968pme
acoustic differences among languad@sonetical4, 97-107.
Hanley, .D. and Snidecor, J.C. (1967). Some aaosatiilarities
among language®honetical7, 141-148.

Keating, P. & Kuo, G. (2012). Comparison of spegkin
fundamental frequency in English and Mandadioyrnal of the
Acoustical Society of Amerid282, 1050-1060.

Ladd, D.R. (1996). Intonational Phonology Cambridge:
Cambridge University Press.

Loveday, L. (1981). Pitch, politeness and sexude:ran
explanatory investigation into the pitch correladé&€nglish and
Japanese formuld,anguage and SpeeéH, 71-89.

Luchsinger, R. and Arnold, G. (1965)oice-Speech-Language
Constable&Co Ltd., London.

Maidment, J. A. (1976). Voice fundamental
characteristics as language differentiat@peech and hearing:
Work in progressUniversity College London, 74—-93.
Maidment, J. A. (1983). Language recognition andspdy:
further evidence,Speech, hearing and language: Work in
progress University College London 1, 133-141.

Majewski, W., Hollien, H., and Zalewski, J. (197&peaking
fundamental frequency of Polish adult mal&honetica 25,
119-125.

Mennen, |., Schaeffler, F., & Docherty, G. (200P)tching it
differently: A comparison of the pitch ranges ofr@an and
English speakers16th International Congress of Phonetic
SciencegICPhS XVI), Saarbriicken,1769-1972.

Mennen, |., Schaeffler, F., & Docherty, G. (201Zross-
language differences in fundamental frequency range
comparison of English and Germdournal of the Acoustical
Society of America31(3), 2249-2260.

Nebert, Augustin Ulrich (2013)Der Tonhdéhenumfang der
deutschen und russischen Sprechstimme.
Untersuchung zur Sprechstimmlagdallesche Schriften zur
Sprechwissenschaft und Phonetik, Band 46. Frarkfurt

Ohala, J. J., and Gilbert, J. B. (1979). Listenatsility to
identify languages by their prosody, in P. Léon ahdRossi
(eds.)Problemes de Prosodi®idier, Ottawa, 123-131.
Patterson, D. (2000)A Linguistic Approach to Pitch Range
Modelling.Ph.D. dissertation, University of Edinburgh.
Ramus, F., and Mehler, J. (1999). Language ideatibn with
suprasegmental cues: A study based on speech hesist
Journal of the Acoustical Society of Ameridb (1), 512-521.

frequency

Vergleiehend

[24] Henning Reetz (19994 rtikulatorische und akustische Phonetik
Wissenschatftlicher Verlag, Trier.

Roach, P.; Arnfield, S. and Hallum, E., (1996). BAB A
multi-language speech database. Rnoceedings of SST-96:
Speech and Science Technology Conferehdelaide, 351—4.
Roach, P., Arnfield, S., Barry, W.J., Dimitrova, Boldea, M.,
Fourcin, A., Gonet, W., Gubrynowicz, R., Hallum, Eamel, L.,
Marasek, K., Marchal, A., Meister, E., Vicsi, K9@8). Babel: a
database of Central and Eastern European languages,
Proceedings of the First International Conferencel@nguage
Resources and Evaluatipwol. 1, 28-30 May 1998, Granada,
Spain, pp. 371-374.

Talkin, D. (1995). A Robust Algorithm for Pitchlracking
(RAPT). In Kleijn, W. B. and Paliwal, K. K. (edsSpeech
Coding and Synthesislew York: Elsevier.

Todaka, Y. (1993)A cross-language study of voice quality:
bilingual Japanese and American speakelactoral dissertation,
University of California, Los Angeles, pp. 145-147.

Torgerson, R. C. (2005A comparison of Beijing and Taiwan
Mandarin tone register: An acoustic analysis ofetarnative
speech stylesmaster's thesis, Brigham Young University,
73-82.

Yamazawa, H., and Hollien, H. (1992 ). Speakingdamental
frequency pattern of Japanese wonfmnetica49, 128-140.

[25]

[26]

[27]

[28]

[29]

[30]

Campbell, Gibbon, and Hirst (eds.)

Speech Prosody 7, 2014

780



