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ABSTRACT

A first tentative step towards synthesis of age was made in
three pilot studies of speaker age. The first was a
perceptual study, where results showed that some speakers
are more typical for their age than others, and that listeners
are able to age estimate single word stimuli considerably
better than chance. In the second study an auditive and
acoustic analysis of the same material indicated that older
voices contain more variability, that some cues, including
spectral quality and VOT, may be more important than
others (e.g. F0), and that combinations of several cues are
probably used for age perception. In the third study,
natural, synthesized and resynthesized stimuli were used
in a second listening test. Results indicated that spectral
information and duration are more important than F0 for
age perception. The results from these studies will be used
in future research with more data and formant synthesis.

1. INTRODUCTION

One way to increase the naturalness of synthetic speech
would be to integrate models and parameters for
paralinguistic phonetic variation including age, physical
and emotional state in a TTS-system. In order to
successfully synthesize such variation, more phonetic
knowledge about the acoustic and perceptual correlates of
these phenomena is needed. This paper describes three
small pilot studies building on previous research in this
area and. intended to gain better understanding of the
various cues to speaker age The studies were also meant to
serve as a first step towards synthesizing speaker age.

1.1. Acoustic and perceptual correlates to age
In studies carried out on the aging voice, the acoustic and
perceptual dimensions associated with speaker age
typically are: (1) fundamental frequency (F0)/pitch
(average, range, SD), (2) intensity/loudness, (3) jitter and
shimmer/harsh voice, (4) formant frequencies and spectral
tilt/voice quality and (5) duration and pausing/speech rate
and rhythm [3, 11]. F0 varies due to physiological age-
related changes of the larynx and vocal folds [5], leading
to increased variability and lower range [3]. Up to the age
of 50, average F0 is normally lowered [5], but is often
raised again at very old age for male speakers, while
female F0 may be constant, lowered or first lowered and
then increased [3]. Moreover, vocal fry and breathiness are
more common in old voices [3]. Intensity is either lowered
due to reduced vital capacity and vocal fold vibration, or
increased [3]. Jitter and shimmer are more frequent in both
female and male older voices [6]. Formant frequencies are
lowered [6], and spectral tilt increases with age, except at
0-5 kHz for some vowels [1]. Segment durations increase
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ge, causing lower speech rates and higher maximum
durations in fluent speech [8]. Perception of age is

r influenced by prosodic patterns, grammar, sentence
ure and choice of words, especially in longer
nces of speech.

revious studies
rgued that perception of speaker age is based on both
eal and supralaryngeal cues [3, 11] and that listeners
le to estimate speaker age to within ±5 years of

ological age. Perceptual studies have been carried
ing several kinds of stimuli ranging from phonated,
ered or filtered prolonged vowels to longer read
es played both forward and backwards [8]. A few

s refer to typical and atypical speakers for their age
10], partly due to the individual aging process.

shown to be an important correlate to age in several
s. The results of a study by Jacques and Rastatter [4]
ted that F0 was the dominant cue for age perception
longed vowels produced by both female and male
ers. Linville [6] used only female speakers and
rs and also restrained F0 to an interval of 40 Hz in
wel stimuli. Despite these limitations, F0 was still
ered to be an important cue in age perception. F0 is
onsidered an important cue for children’s age [12].
ver, F0SD increases with age [3, 6]. While no clear
nce in intensity between older and younger speakers
mal speech levels have been found [7], F0, jitter,
er, formant frequencies, spectral tilt and segment

on seem to play a more important role [6, 7, 9].
li durations of 0,5-2 seconds are usually enough for
timation tasks [1, 4]. Speech rate has been reported

icantly slower [8], and segment durations of vowels
onsonants were considerably longer for older

ers [7], while VOT has been reported shorter for
female speakers [7], but longer for older male

ers [1] in comparison to the younger ones.

2. METHOD

aterial
aterial for the first two studies was taken from the

h database of the Swedish dialect project SweDia-
(Bank of Sweden). It consisted of the three words
[thak ˘] (thanks), rasa [»“A ˘sa] (collapse) and

ollarsedlar [»th¨+˘s´ndçl˘a“«se˘dla“] (thousand-dollar
spoken in isolation by four female and four male
athological speakers of the same dialect, and equally
d into two age groups (21-30 and 61-73 years),
a total of 24 words. The speakers were judged by

ticians of the SweDia-2000 project as representing



both typical and atypical speakers.

In the third study only the word rasa, produced by the four
male speakers from the first study, and also by eight other
male speakers (four old and four young) of the same
dialect, taken from the SweDia-2000 project as well, was
used. In addition two synthetic versions of rasa with
monotonous F0 (80 and 110 Hz) generated by the Swedish
MBROLA-based concatenative young speaker synthesizer
LUKAS [2] and 24 PSOLA-resynthesized versions of the
same word were used. The resynthesized or mixed stimuli
were created using a script (by Johan Frid) for the speech
analysis program PRAAT (www.praat.org), enabling two
stimuli to switch prosody (duration and F0) with each
other, while keeping their own spectral quality. LUKAS
switched prosody with all older speakers, one typical old
speaker switched prosody with all younger speakers, and
one typical young speaker switched prosody with all older
speakers, making a total of 40 stimuli.

All of the stimuli were normalized for intensity before
used in the studies.

2.2. Procedure
In the first study 38 listeners of various age, sex and
phonetic experience were asked to judge the age of the 24
stimuli by choosing from 18 alternatives on a 5-year scale
ranging from 10 to 95 years in an Internet-based listening
test. The results were then analyzed with respect to various
speaker and listener differences and tested statistically.

The second study was an acoustic analysis of the same
material. Measurements of F0 (mean, range, SD) and
relative intensity, of jitter, F1-F4, B1-B4 and spectral tilt of
the vowels [a A˘ ¨˘ + ç e˘], of spectral features of the
voiceless plosives [t k] and the fricative [s] as well as of
segment duration (word, phoneme and VOT) were carried
out. All the acoustic analyses were made with PRAAT,
and then manually checked for errors. Because of the
anticipated difficulties in analyzing acoustic correlates to
age, the study began with a careful auditive analysis. The
material was listened to a number of times while making
notes for each cue associated with old age.

In the third study the results from the two previous studies
were used in a second perception test containing 36 pairs
of natural as well as synthesized and resynthesized stimuli.
First the synthesized stimuli were compared to the older
natural speakers. Then the synthesized stimuli mixed with
the natural stimuli were compared with respect to F0 and
spectral features. Finally one typical young and one
typical old speaker that had switched prosody with the
opposite age group were compared in the same way. 21
subjects (students and staff of the Dept. of Linguistics and
Phonetics, Lund University) listened to the stimuli pairs
and judged which one of each pair sounded older.

3. RESULTS

The results of the first study indicated that although only
about half the stimuli were estimated correctly ±10 years,
the subjects were able to judge speaker age considerably
better than chance, since only 5 of the 18 alternatives of
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1: The number and percentage of correct age
tions (three words, eight speakers) of the first study.

: tack rasa tusendollarsedlar

steners)
no. of

corr. ±10
years

%
no. of

corr. ±10
years

%
no. of

corr. ±10
years

%

er 1 (typical) 9 24 30 79 21 55
er 2 (atypical) 18 47 7 18 14 37
er 3 (typical) 10 26 25 66 31 82
er 4 (atypical) 23 61 24 63 17 45
er 5 (atypical) 8 21 15 39 13 34
er 6 (typical) 25 66 28 74 22 58
er 7 (atypical) 21 55 17 45 15 39
er 8 (typical) 29 76 34 89 30 79
ical speakers 73 48 117 77 104 68

ypical speakers 70 46 63 41 59 39
(all speakers) 143 47 180 59 163 54

ts from the auditive part of the second study were
he subjective judgment of one person, but might still
e hints on cues to speaker age. The older typical
contained a larger number of cues related to old age

remor, harshness, tiredness) than the atypical older
, whereas the atypical younger voices had more old
es than the typical younger voices. The results from
ditive analysis were mainly used for comparisons

esults from the first study and the acoustic analysis.

2: The number of old age-related cues (three words,
speakers) in the auditive part of the second study.

kers: tack rasa tusendollarsedlar total
pical older man) 1 11 13 31
pical older man) 8 8 8 24

pical older woman) 17 16 24 57
pical older woman) 8 7 6 21
pical younger man) 9 15 15 39

pical younger man) 1 6 4 11
pical younger woman) 5 6 15 26

pical younger woman) 1 6 6 13
pical older speakers 18 27 37 82
typical older speakers 16 15 14 45
ypical younger speakers 14 21 30 65
pical younger speakers 2 12 10 24
 (all speakers) 50 75 91 216

esults of the acoustic analyses were relatively poor,
ng only possible trends. No support for previous
s was found with regard to F0 being an important cue
. However, all the female stimuli had wider F0 range
gher F0SD than the male ones. As intensity had been
lized, only relative measures were carried out. The

s indicated a smaller intensity range for the older
ers compared to the younger speakers.

could not be measured in all of the words because of
metimes very short vowel durations, and the only
in the obtained measures was that older sounding
speakers tended to have higher jitter levels than
er sounding speakers. The formant frequencies and



bandwidths measured showed no pattern or trends, except
the obvious; that male formant frequencies were lower
than female ones. In the spectra for [t], the older sounding
speakers displayed higher intra-speaker variability than the
younger sounding speakers. Spectra for [s] showed that
the typical energy platform on higher frequencies began
around 4 kHz for younger-sounding speakers, but already
between 3,5 - 4 kHz for older-sounding speakers.

Figure 1: Spectra for [s] in tusendollarsedlar (dotted
lines) and rasa (plain lines) produced by female (top),
male (bottom), typical old (left) and typical young (right)
speakers.

Spectral tilt ranged from about –15 to –20 dB/octave,
being far below the values considered normal (about
–12 dB/octave). This implied methodological errors and
therefore unreliable results, but the tendency was that the
older sounding speakers had somewhat higher tilts than
the younger sounding ones. Word and phoneme duration
correlated with neither chronological nor perceived age,
but the older sounding speakers frequently displayed
longer VOT than the younger sounding speakers.
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Figure 2: VOT values for tack and tusendollarsedlar (all
speakers, for explanation of speaker numbers, see table 2).

Results from the third study showed that stimuli with
spectral features of an older speaker in combination with
the prosody (F0 and duration) of a younger speaker were
mostly judged to be older by the listeners than the opposite
combination, i.e. stimuli with spectral features of a
younger speaker in combination with the prosody of an
older speaker. Stimuli containing the spectral quality of
older speakers mixed with the prosody of LUKAS were
judged older than stimuli with the spectral quality of
LUKAS mixed with the prosody of older speakers in 89%
of the stimuli pairs. Spectral quality of one typical old
speaker mixed with the prosody of young speakers was
judged older than the opposite combination in 75% of the
cases, and 83% of the cases were judged older when the
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3: The number and percentage of spectral quality
0 & duration being judged older in the third study.

spectral
quality

F0 and
durationi pairs judged older:

no. of
results

no. of % no. of %
S + old speakers
res)

252 224 89% 28 11%

ical older speaker +
r speakers (mixtures)

126 95 75% 31 25%

ical younger speaker
 speakers (mixtures)

126 105 83% 21 17%

4. DISCUSSION

al earlier studies have only divided speakers into
and younger age groups. The results of this first
show that listeners are able to age estimate

ers in more detail (±10 years). Also, it seems that
le isolated word may be enough to get correct age
ations. Some of the speakers seemed more typical
heir age than others, and the listeners were
icantly better at age estimating typical speakers than
al speakers, suggesting that there is a subdivision of
ers into a typical and an atypical group. This may be
portant piece of knowledge when attempting to
l and synthesize (typical) age.

uditive part of the second study indicated that both
umber of cues related to old age and the overall
ion from modal or “normal” voice may be important
judging age. Older sounding speakers had more
ility in their speech and deviated more from modal
than younger sounding speakers. Overall variability
important cue according to the listeners’ comments
listening tests [8, 11]. The large number of different
elated to old age might indicate that even “normal”
ices sound more pathological than young voices.

mall size of the material is probably one reason why
sults of the acoustic analyses were relatively poor,
me trends managed to emerge. Although reported
tant in previous studies, F0 did not seem to be a
ant cue in the material of this study. One reason for
ight be that isolated words instead of prolonged

s were studied, and the listeners had to rely on cues
ed by consonants and prosody as well. The results

tensity, where older speakers had slightly smaller
s should be regarded merely as trends, as age
ences in intensity at conversational effort have

to be minimal [7]. The high inter- and intra-speaker
ility in vowel quality made it hard to interpret the

s of the formant frequency analyses. This suggests
lthough formant frequencies of vowels are important
the spectral quality of voiceless segments are too, as
lso seem to vary with age, e.g. that [s] produced by
sounding speakers sounded more muffled. Although
and phoneme duration measures correlated with
r chronological nor perceived age, probably due to



high inter-speaker variability in speech rate, VOT still
seemed a good indicator of speaker age. Thus, it is likely
that listeners use a combination of several cues when
judging speaker age, and that the choice of cues depend on
the type and duration of the stimuli, but perhaps also on
individual experiences with voices of various ages.

The aim of the third study was to see whether spectral
cues were more important for age perception than F0 and
duration. Indeed spectral information was more often used
as cues for speaker age than F0 and duration. The cases
where prosody was judged older than spectral quality may
be explained. Two atypical speakers accounted for the
major part of these estimates, and when one stimulus was
significantly longer than the other, this stimulus was often
regarded older, indicating that speech rate also is an
important cue to age. The results on intensity in the second
study, where the range seemed smaller in older speakers
have to be investigated further to check if other factors,
such as F0 may have influenced the intensity of the third
study stimuli.

There are a large number of factors to be considered when
trying to synthesize age. The limited material used in these
pilot studies was only intended to provide results implying
possible trends and tendencies. Future research containing
a larger material and more methods of analysis will be
necessary. However, some ideas of what to use when
attempting to model and synthesize age have emerged.
The indication that spectral information holds important
cues further supports the idea of using formant synthesis
(as opposed to concatenative synthesis, which “inherits”
speaker-specific information from the voice used to record
its units) when trying to synthesize age. Finally, maybe the
saying “you are only as old as you feel” also applies to
speech and even synthesized speech.

5. CONCLUSIONS

Listeners are able to age estimate speakers ±10 years
considerably better than chance according to the results of
the first study. Moreover, the listeners were significantly
better at age estimating typical speakers than atypical
speakers, suggesting that there is a subdivision of speakers
into a typical and an atypical group.

The older sounding voices analyzed in the auditive part of
the second study contained larger variability and deviated
more from modal or “normal” voice quality than did the
younger speakers analyzed, suggesting that even normal
old voices sound more pathological than young voices.

Although the material in the acoustic analysis was too
small to show reliable results, tendencies of some age-
related correlates were found. F0, intensity and formant
frequencies did not seem to be important cues for age in
this material. However, jitter levels were higher in older
sounding speakers, spectra for [s] and [t] showed different
patterns for older and younger sounding speakers, and
VOT values were longer for older sounding speakers.
When less vowel information is present, as in single word
stimuli, the cues of the voiceless segments may become
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important, as listeners are still able to make correct
dgements.

the age judgements made by the listeners of the
tudy it was concluded that spectral cues were more
tant than the prosodic cues of F0 and duration,
t when judging atypical speakers or when
on was extremely long, indicating that speech rate
mportant age-related cue.

es with larger material are needed to verify the
ive results presented in this paper. Future attempts
thesize age will be made using formant synthesis,
ctral cues appear to be important.
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