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Preface

“As well as conveying a message in words and sounds, the speech signal
carries information about the speaker’s own anatomy, physiology, lin-
guistic experience and mental state. These speaker characteristics are
found in speech at all levels of description: from the spectral information
in the sounds to the choice of words and utterances themselves.”

The best way to introduce this textbook is by using the words Volker Dellwo and
his colleagues had chosen to begin their chapter “How Is Individuality Expressed
in Voice?” While they use this statement to motivate the introductory chapter
on speech production and the phonetic description of speech, it constitutes a
framework of the entire book as well: What characteristics of the speaker become
manifest in his or her voice and speaking behavior? Which of them can be
inferred from analyzing the acoustic realizations? What can this information be
used for? Which methods are the most suitable for diversified problems in this
area of research? How should the quality of the results be evaluated?

Within the scope of this book the term speaker classification is defined as as-
signing a given speech sample to a particular class of speakers. These classes
could be Women vs. Men, Children vs. Adults, Natives vs. Foreigners, etc.
Speaker recognition is considered as being a sub-field of speaker classification
in which the respective class has only one member (Speaker vs. Non-Speaker).
Since in the engineering community this sub-field is explored in more depth than
others covered by the book, many of the articles focus on speaker recognition.
Nevertheless, the findings are discussed in the context of the broader notion of
speaker classification where feasible.

The book is organized in two volumes. Volume I encompasses more general
and overview-like articles which contribute to answering a subset of the questions
above: Besides Dellwo and coworker’s introductory chapter, the “Fundamentals”
part also includes a survey by David Hill, who addresses past and present speaker
classification issues and outlines a potential future progression of the field.

The subsequent part is concerned with the multitude of candidate speaker
“Characteristics.” Tanja Schulz describes “why it is desirable to automatically
derive particular speaker characteristics from speech” and focuses on language,
accent, dialect, ideolect, and sociolect. Ulrike Gut investigates “how speakers can
be classified into native and non-native speakers of a language on the basis of
acoustic and perceptually relevant features in their speech” and compiles a list of
the most salient acoustic properties of foreign accent. Susanne Schotz provides a
survey about speaker age, covering the effects of ageing on the speech production
mechanism, the human ability of perceiving speaker age, as well as its automatic
recognition. John Hansen and Sanjay Patil “consider a range of issues associated
with analysis, modeling, and recognition of speech under stress.” Anton Batliner
and Richard Huber address the problem of emotion classification focusing on the
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specific phenomenon of irregular phonation or laryngealization and thereby point
out the inherent problem of speaker-dependency, which relates the problems
of speaker identification and emotion recognition with each other. The juristic
implications of acquiring knowledge about the speaker on the basis of his or her
speech in the context of emotion recognition is addressed by Erik Eriksson and
his co-authors, discussing, “inter alia, assessment of emotion in others, witness
credibility, forensic investigation, and training of law enforcement officers.”

The “Applications” of speaker classification are addressed in the following
part: Felix Burckhardt et al. outline scenarios from the area of telephone-based
dialog systems. Michael Jessen provides an overview of practical tasks of speaker
classification in forensic phonetics and acoustics covering dialect, foreign accent,
sociolect, age, gender, and medical conditions. Joaquin Gonzalez-Rodriguez and
Daniel Ramos point out an upcoming paradigm shift in the forensic field where
the need for objective and standardized procedures is pushing forward the use of
automatic speaker recognition methods. Finally, Judith Markowitz sheds some
light on the role of speaker classification in the context of the deeper explored
sub-fields of speaker recognition and speaker verification.

The next part is concerned with “Methods and Features” for speaker clas-
sification beginning with an introduction of the use of frame-based features by
Stefan Schacht et al. Higher-level features, i.e., features that rely on either lin-
guistic or long-range prosodic information for characterizing individual speakers
are subsequently addressed by Liz Shriberg. Jacques Koreman and his co-authors
introduce an approach for enhancing the between-speaker differences at the fea-
ture level by projecting the original frame-based feature space into a new fea-
ture space using multilayer perceptron networks. An overview of “the features,
models, and classifiers derived from [...] the areas of speech science for speaker
characterization, pattern recognition and engineering” is provided by Douglas
Sturim et al., focusing on the example of modern automatic speaker recognition
systems. Izhak Shafran addresses the problem of fusing multiple sources of in-
formation, examining in particular how acoustic and lexical information can be
combined for affect recognition.

The final part of this volume covers contributions on the “Evaluation” of
speaker classification systems. Alvin Martin reports on the last 10 years of
speaker recognition evaluations organized by the National Institute for Stan-
dards and Technology (nist), discussing how this internationally recognized se-
ries of performance evaluations has developed over time as the technology itself
has been improved, thereby pointing out the “key factors that have been studied
for their effect on performance, including training and test durations,.channel
variability, and speaker variability.” Finally, an evaluation measure which aver-
ages the detection performance over various application types is introduced by
David van Leeuwen and Niko Briimmer, focusing on its practical applications.

Volume II compiles a number of selected self-contained papers on research
projects in the field of speaker classification. The highlights include: Nobuaki
Minematsu and Kyoko Sakuraba’s report on applying a gender recognition sys-
tem to estimate the “feminity” of a client’s voice in the context of a voice
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therapy of a “gender identity disorder”; a paper about the effort of studying
emotion recognition on the basis of a “real-life” corpus from medical emergency
call centers by Laurence Devillers and Laurence Vidrascu; Charl van Heerden
and Etienne Barnard’s presentation of a text-dependent speaker verification us-
ing features based on the temporal duration of context-dependent phonemes;
Jerome Bellegarda’s description of his approach on speaker classification which
leverages the analysis of both speaker and verbal content information — as well as
studies on accent identification by Emmanuel Ferragne and Francois Pellegrino,
by Mark Huckvale and others.

February 2007 Christian Miller
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A Study of Acoustic Correlates of Speaker Age

Susanne Schotz! and Christian Miiller?

! Dept. of Phonetics, Centre for Languages and Literature,
Lund University, Sweden
susanne.schotz@ling.lu.se
2 International Computer Science Institute, Berkeley, CA
cmueller@icsi.berkeley.edu

Abstract. Speaker age is a speaker characteristic which is always
present int*speech. Previous studies have found numerous acoustic fea-
tures which correlate with speaker age. However, few attempts have been
made to establish their relative importance. This study automatically ex-
tracted 161 acoustic features from six words produced by 527 speakers
of both genders, and used normalised means to directly compare the
features. Segment duration and sound pressure level (SPL) range were
identified as the most important acoustic correlates of speaker age.

Keywords: Speaker age, Phonetics, Acoustic analysis, Acoustic
correlates.

1 Introduction

Many acoustic features of speech undergo significant change with ageing. Ear-
lier studies have found age-related variation in duration, fundamental frequency,
SPL, voice quality and spectral energy distribution (both phonatory and reso-
nance) [1,2,3,4,5,6]. Moreover, a general increase of variability and instability,
for instance in Fy and amplitude, has been observed with increasing age.

The purpose of the present acoustic study was to use mainly automatic meth-
ods to obtain normative data of a large number of acoustic features in order
to learn how they are related to speaker age, and to compare the age-related
variation in the different features. Specifically, the study would investigate fea-
tures in isolated words, in stressed vowels, and in voiceless fricatives and plo-
sives. The aim was to identify the most important acoustic correlates of speaker
age.

2 Questions and Hypotheses

The research questions concerned acoustic feature variation with advancing spea-
ker age: (1) What age-related differences in features can be identified in female
and male speakers? and (2) Which are the most important correlates of speaker
age?

C. Miiller (Ed.): Speaker Classification II, LNAI 4441, pp. 1-9, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 S. Schoétz and C. Miiller

Based on the findings of earlier studies (cf. [5]), the following hypotheses were
made: Speech rate will generally decrease with advancing age. SPL range
will increase for both genders. Fg will display different patterns for female and
male speakers. In females, Fg will remain stable until around the age of 50
(menopause), when a drop occurs, followed by either an increase, decrease or
no change. Male Fy will decrease until around middle age, when an increase
will follow until old age. Jitter and shimmer will either increase or remain
stable in both women and men. Spectral energy distribution (spectral tilt)
will generally change in some way. However, in the higher frequencies (spectral
emphasis), there will be no change. Spectral noise will increase in women,
and either increase or remain stable in men. Resonance measures in terms of
formant frequencies will decrease in both female and male speakers.

3 Speech Material

The speech samples consisted of 810 female and 836 male versions of the six
Swedish isolated words kdke ['ctiko] (jaw), saker ['sazkos| (things), sjdlen ['fe:lon]
(the soul), sot [su:t], typ [ty:p] (type (noun)) and tack [tak] (thanks). These words
were selected because they had previously been used by the first author in a
perceptual study [7] and because they contained phonemes which in a previous
study had shown tendencies to contain age-related information (/p/, /t/, /k/,
/s/, /e/ and /§/) [8]. The words were produced by 259 female and 268 male
speakers, taken from the SweDia 2000 speech corpus [9] as well as from new
recordings. All speakers were recorded using a Sony portable DAT recorder TCD-
D8 and a Sony tie-pin type condenser microphone ECM-T140 at 48kHz/16 bit
sampling frequency in a quiet home or office room. Figure 1 shows the age and
gender distribution of the speakers.
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Fig. 1. Age distribution of the speakers used in this study
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4 Method and Procedure

The acoustic analysis was carried out using mainly automatic methods. However,
occasional manual elements were necessary in a few steps of the procedure. All
words were normalised for SPL, aligned (i.e. transcribed into phoneme as well as
plosive closure, VOT and aspiration segments) using several Praat [10] scripts
and an automatic aligner!. Figure 2 shows an alignment example of the word
tack. The alignments were checked several times using additional Praat scripts
in ordér to detect and manually correct errors.

s

favoT aOccl I taAsp

Fig. 2. Example of the word tack, aligned into word, phoneme, VOT, plosive closure
and aspiration segments

The aligned words were concatenated; all the first word productions of a
speaker were combined into one six-word sound file, all the second ones con-
catenated into a second file and so on until all words by all speakers had been
concatenated. Figure 3 shows an example of an concatenated file.

CEX®@ sAk@r SEl@n sut typ tak
CIEIk @ sIA X @Ix SIEIlI@In sIn v Ky r DIkl :
I s20¢] mOclIso ] ryOclItyA W moalm

Fig. 3. Example of a concatenated file, aligned into word, phoneme, plosive closure,
VOT and aspiration segments

! Originally developed by Johan Frid at the Department of Linguistics and Phonetics,
Centre for Languages and Literature, Lund University, but further adapted and
extended for this study by the first author.
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A Praat script! extracted 161 acoustic features — divided into seven fea-
ture groups — from the concatenated words. Some features (e.g. syllables and
phonemes per second, jitter and shimmer) were extracted only for all six words,
while others (e.g. Fo, formant frequencies and segment duration) were extracted
for several segments, including all six words and stressed vowels. Table 1 offers
an overview of which segments were analysed in each feature group. Most fea-
tures were extracted using the built-in functions in Praat. More detailed feature

descriptions are given in [5].

Table 1. Segments analysed in each feature group (LTAS: long-term average spec-
tra, HNR: harmonics-to-noise ratio, NHR: noise-to-harmonics ratio, sp.: spectral, str.:
stressed)

Nr Feature group Segments analysed

syllables & phonemes per second whole file
1 :

segment duration (ms) whole file, words, str. vowels,
2 sound pressure level (SPL) (dB) fricatives, plosives (incl. VOT)
3 Fo (Hz, semitones) whole file, words, str. vowels
4 jitter, shimmer

sp. tilt, sp. emphasis, whole file

[}

inverse-filtered SB, LTAS

6 HNR, NHR, other voice measures whole file, str. vowels
. formant frequencies (F1-F5) str. vowels
sp. balance (SB) fricatives and plosives

The analysis was performed with m3iCAT, a toolkit especially developed for
corpus analysis [11]. It was used to calculate statistical measures, and to generate
tables and diagrams, which displayed the variation of a certain feature as a
function of age. The speakers were divided into eight overlapping “decade-based”
age classes, based on the results (mean error +8 years) of a previous human
listening test [7]. There were 14 ages in each class (except for the youngest and
oldest classes): 20, aged 20-27; 30, aged 23-37; 40, aged 33-47; 50, aged 43-57;
60, aged 53-67; 70, aged 63-77; 80, aged 73-87; 90, aged 83-89.

For each feature, m3iCAT calculated actual means (u), standard deviations
(o) and normalised means (fz) for each age class. Normalisation involved mapping
the domain of the values in the following way:

0 — (v; — mean)

stdev (1)
where v; represents the actual value, mean represents the mean value of the
data and stdev represents the corresponding standard deviation. Occasionally,
normalisations were also carried out separately for each gender. This was done
in order to see the age-related variation more distinctly when there were large
differences in the real mean values between female and male speakers, e.g. in

Fy and formant frequencies. Because of the normalisation process, almost all
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values (except a few outliers) fall within the range between — 1 and + 1, which
allows direct comparison of all features regardless of their original scaling and
measurement units.

The values calculated for the eight age classes were displayed in tables, sep-
arately for female and male speakers. In addition, line graphs were generated
for the age-class-related profiles or tendencies, with the age classes on the x-axis
and the normalised mean values on the y-axis. The differences between the nor-
malised mean values of all pairs of adjacent age classes are displayed as labels
at the.top of the diagrams (female labels above male ones). Statistical t-tests
were carried out to calculate the significance of the differences; all differences ex-
cept the ones within parentheses are statistically significant (p < 0.01). Figure 4
shows an example of a tendency diagram where the normalisations were carried
out using all speakers (top), and the same tendencies but normalised separately
for each gendet:(bottom).

female
male ---=---

| -004) -012- (0 07 0.08 (0.03) 0.41

normalised mean value
o
T
|

2 30 40 50 60 70 80 %0
age group (years)
~0.14 -0.35 ~0.34 © 014 (0.09) (-0.17y" | fermale ——
o (009 -027 (-0.01) 024 017 (0.07) 078"

normalised mean value

20 30 40 50 60 70 80 90
age group (years)

Fig. 4. Normalised tendencies for mean Fy (Hz) (all siz words), 8 overlapping age
classes, normalised for all speakers (top) and normalised separately for female and
male speakers (bottom)

The advantage of using normalised means is that variation can be studied
across features regardless of differences in the original scaling and units of the
features. For instance, it allows direct comparison of the age-related variance
between duration and Fy by comparing the tendency for segment duration (in
seconds) with the tendency for mean Fy (in Hz).

5 Results

Due to the large number of features investigated, the results are presented by
feature group (see Table 1). Moreover, only a few interesting results for each
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feature group will be described, as it would be impossible to present the results
for all features within the scope of this article. A more comprehensive presenta-
tion of the results is given in [5].

The number of syllables and phonemes per second generally decreased with
increased age for both genders, while segment duration for most segments in-
creased. The tendencies were less clear for the female than the male speakers.
Figure 5 shows the results for all six words.

1 T T T T T T
. female

© (-0.04) 0.13 0.28 (0.01) 0.11 0.32 . v
= -0.09 0.18 0.36 0.18 0.26 0.12 032"
© 05 Pt B
gosSfF
s e
s =
) -
E o e 1
= -
Q
£
© L e i
E05 b e
S
f =

4 L L 1 L L L

20 30 40 50 60 70 80 90

age group (years)

Fig. 5. Normalised tendencies for duration (all six words)

Average relative SPL generally either decreased slightly or remained constant
with increased female and male age. The SPL range either increased or remained
relatively stable with advancing age for both genders. Figure 6 shows the results
for SPL range in the word kdke. Similar tendencies were found for the other
words, including the one without plosives; sjélen ['fje:lon).

1 T T T T T T P
0.1) (-0.05) 0.26 (0.08) 0.19 0.28 (0.1(6)"

o5 | ©09) (0.08) 0.38 (0.07) 0.15 (0.07) - ]

normalised mean value

1 1 L I L 1 L

50 60 70 80 90
age group (years)

Fig. 6. Normalised tendencies for SPL range (kike)

Female Fg decreased until age group 50 and then remained relatively stable.
Male Fy lowered slightly until age group 50, but then rose into old age. Due to
the gender-related differences in Fg, the results for mean Fy (Hz, all six words)
are presented in Figure 7 as normalised separately for each gender to show clearer
tendencies.



