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reading aloud [11]. There is also a difference in terms of voice
quality. Although several studies claim that there is no
significant difference in jitter and shimmer values between the
two age groups (e.g., [9]), most authors have attested increases
in both acoustic parameters with growing age [11], [12], [13].
In native Hungarian female speakers, there are significant
differences in both jitter and shimmer between young and old
speakers, too; in particular, the voice of older speakers is
‘more irregular’ than that of younger ones [6]. The largest
differences between the two groups were found in harmonicsto-noise ratio: this value is lower with older speakers, that is,
their speech is ‘noisier’ than that of young speakers [6, 14].
The studies mentioned so far analyse acoustic parameters of
voice production and intonation either in vowel articulations
or in brief speech samples and disregard other factors such as
glottalization, the direction of pitch courses, or the effect of
diverse speech types. The latter is an important factor as
several studies confirmed (for Hungarian, too) that the
intonation structures of reading aloud and spontaneous speech
differ [15], [16].
In the present study, the effect of aging on intonation is
investigated in two different speech types: reading aloud and
spontaneous speech production. Our hypothesis is that both
factors (age and speech type) influence speech voice (in terms
of voice quality and F0 variation). The following differences
are assumed to occur between reading and spontaneous
speech:
(i) the pitch range of spontaneous speech is wider since the
planning of its suprasegmental structure is accidental and there
may be more (meaningless) pitch variation in it;
(ii) ends of breath groups in spontaneous speech often involve
a rising contour, as in monologues this serves the indication
that a continuation is to be expected [17].
The following differences between old and young speakers are
predicted:
(i) the F0 range of older speakers is narrower, and their tonal
interval values are lower, in accordance with data found in the
earlier literature;
(ii) older speakers more often exhibit non-modal phonation
(e.g., glottalization, devoicing, or whisper). Glottalization
(irregular voicing) may involve less air expelled from the
lungs, hence lower subglottal pressure [18]; it can also be
caused by less normal opening and closing of the vocal cords
[19]. As older speakers are characterized by decreased lung
capacity and weakening muscular tension [1], we have
assumed that their speech will exhibit more glottalization, a
phenomenon that is related to muscular activity. In addition,
we hypothesise that the divergent operation of the vocal cords
may cause involuntary devoicing and whisper in old people’s
speech;
(iii) conventional beliefs sustain that breath group final pitch
contours tend to be descending/falling in older people’s speech
but rising (or level) in that of young speakers [16].
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This paper aims at investigating the effect of aging on speech
in the case of two speech types. Two kinds of speech material
were used in the experiments, read text and spontaneous
narratives of 7 old and 7 young females. Fundamental
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both speech samples. Results show that (i) the F0-values had a
wider range with older than with younger subjects in
spontaneous speech, while (ii) the F0-values had a wider range
with younger than with older subjects in reading aloud, and
(iii) the frequency of glottalization is subject (and not age)
dependent.

1. Introduction
As a person progresses in age, the whole organism becomes
older: a fact that affects the person’s speech, too. Human voice
production, and speech production in general, undergoes
significant changes after 60 years of life; ‘adult voice’ turns
into ‘old voice’ [1]. The aging process affects all speech
organs. The pulmonary capacity decreases, resulting in a
decrease of voice intensity (lung-power) and in a shortening of
time for which speech sound production can be sustained [1].
The vocal cords and the laryngeal muscles lose some of their
elasticity, making the fundamental frequency higher [2], [3].
The literature claims that the range of voice becomes
narrower: as opposed to the 2 octaves of the average adult
voice, elderly people’s speech is characterized by slightly
more than a single octave. Their voice becomes trembling. The
movements of the tongue become more difficult, resulting in
less accuracy of articulation. And the slackness of the soft
palate may give rise to a nasalized quality in old people’s
speech [1].
Some of the most conspicuous changes are those of the
clearness of voicing and the typical fundamental frequency
values, possibly resulting in changes in intonation structures.
Male speakers’ F0 rises while female speakers’ F0 does not
change or becomes lower [4], [5], although some older
speakers may have a ‘younger’ fundamental frequency and
some younger speakers may have an ‘older’ one [6].
Individual differences are emphasized by a number of
researchers. For instance, [7] analysed F0 values of native
English speakers over 100 years of age and showed that both
average fundamental frequencies and F0 minima are
significantly lower with old speakers than with young ones; on
the other hand, [8] attested higher F0 values than usual in a
case study involving a 105-year-old female subject. Other
authors emphasize that F0 changes in (Japanese) women are
more extensive than in (Japanese) men [5].
The literature furthermore claims that F0 variability is more
extensive in old people’s speech than with young speakers [7],
[9], [10] and that old speakers produce more melisms in
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2. Material, methods, subjects

occur in spontaneous speech, on the other (the text that had to
be read did not give occasion for the expression of emotions).

For the present study, we selected 7 old (between 70 and 80,
average: 73.9 years) and 7 young speakers (between 20 and
32, average: 26.6 years) from the Hungarian spontaneous
speech database (BEA, cf. [20]). We analysed their speech
production in two speech types: the reading of a text of
popular science, 13 sentences long, and a spontaneous
monologue in which the subjects talked about their hobbies
and jobs. The reading technique of both age groups was
adequate; none of the speakers had any difficulty in converting
the printed text into speech. The durations of the samples can
be seen in Table 1.
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Figure 1: F0 ranges in the two speech types split by speaker
(Y = young speakers, O = old speakers).

Table 1: Duration of the speech samples.
We also calculated pitch intervals (the highest F0 value divided
by the lowest F0 value of the given breath group). Figure 2
shows these as a function of age and speech type. In both age
groups, the average values of pitch intervals were higher for
reading: for young speakers, the mean was 1.48 (s.d.=0.26);
for old speakers, it was 1.45 (s.d.=0.22). The narrower
intervals of spontaneous speech yielded 1.26 (s.d.=0.21) for
young subjects and 1.36 (s.d.=0.29) for the old ones. The
statistics gave a significant result across these four data sets
(p<0.001; F(3, 1472)=53.110); the post hoc test showed that
reading by old vs young subjects did not involve a significant
difference of interval values, while all other comparisons
revealed significant differences (p<0.001). This meant that
reading aloud was characterized by more uniform intonation
structures; such effect may partly be due to the nature of the
written text itself, where segmentation is predetermined by
punctuation and, consequently, suprasegmental structure is
planned in advance. Actually all these factors did not apply to
spontaneous speech. We should also mention the fact that the
read speech has been elicited with respect to the same text for
all the speakers, while spontaneous speech is – by definition –
different across speakers. Then the presence of more prosodic
variation in spontaneous speech could in principle be
explained by the presence of more segmental, lexical and
pragmatic variation, compared to read speech.

All samples were annotated by Praat 5.1 [21] at the breath
group level; roughly 100 breath groups per subject were
analysed. In all breath groups, we determined the maxima and
minima of F0, and then we calculated the intervals of each
breath group and the overall ambit (F0 range) of the whole
sample of each subject (F0max/F0min). Furthermore, we analysed
the group final realizations of melody in both speech types.
We established the number of syllables that contained at least
one glottalized, devoiced or whispered realization of a
sonorant. Finally, we examined how age and speech type
affected changes of fundamental frequency. The data were
submitted to statistical analysis by SPSS 15.0 (one-way
ANOVA and Tukey’s post hoc test).

3. Results

f0max/f0min in breath groups

F0 range (or ambit) is a frequency domain defined by the
maximal and minimal F0 values of a person’s total speech
production; it characterizes the speaker and the speech type,
too (as former studies have established, cf. [22], [23]). We
hypothesized that the F0 range of spontaneous speech was
wider than that of reading aloud. As can be seen in Figure 1,
the effect of age on F0 range was insignificant in the case of
our subjects; the pitch domain used by a speaker is an
individual characteristic. The two speech types nevertheless
did have an effect, and age also played a role: it appeared to be
determined by age how exactly F0 range was affected by
speech type. In young subjects’ speech, reading was invariably
realized with a wider F0 range, while all old subjects (except
one) used a wider range of fundamental frequency in their
spontaneous speech.
The boxplot also shows the standard deviations, and it can be
clearly seen that outliers (or extreme values, represented by
numbered circles and asterisks in the figure) invariably
occurred in spontaneous speech. While reading could be
characterized by a compact set of realizations for all speakers,
spontaneous speech could not. Except for three old informants
(O1, O2, and O3), all speakers produced data between 200 and
400 Hz that lie outside the characteristic range of that
speaker’s spontaneous speech. The reasons for this must
probably to be seen in the role of chance in speech planning
with respect to the suprasegmental structure of spontaneous
speech, on one hand, and in the emotional surplus that may
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Figure 2: Pitch intervals of breath groups in the two speech
types and in the two age groups.
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steady pitch is characteristic of young persons’ spontaneous
speech: 48.12% of their final contours in this speech type were
steady. On the other hand, final rise was not more frequent in
young people’s speech than in old people’s. In young subjects’
reading, old subjects’ reading, and old subjects’ spontaneous
speech, the proportion of steady, rising and falling pitch was
very similar indeed (Figure 5). In these categories, final
glottalization amounted to 21.74-22.43% of the occurrences,
falling pitch was between 17.30-21.38%, steady pitch between
27.54-33.12%, rising pitch between 25.32-28.62%, and all
other possibilities (including whispered, devoiced, and
laughing-coloured ends of breath groups) occurred in 0.002.32% of all cases.
The relatively high ratio of glottalized endings in all groups of
data is worth mentioning. On the basis of our results, it can be
assumed that in spoken Hungarian – just like in other
languages, e.g. American English [24], [25] – glottalization
has a boundary marking function. Other investigations [16],
[26], [27] seem to independently support this conclusion for
Hungarian.

We analysed the material with respect to voice quality.
Deviations from modal voice were most often represented by
glottalization, whereas the ratio of whispered syllables and
those involving devoiced segments, taken together, did not
reach 1% in the age groups’ material. Glottalization was more
frequent in spontaneous speech than in reading for both age
groups, although the difference was not significant (Figure 3).
In young subjects’ reading, 9.96% of the syllables were partly
or wholly glottalized; the same figure for old subjects is
13.80%. In young subjects’ spontaneous speech, the ratio of
glottalized syllables was 13.91%, while in the speech of old
subjects, it was 16.45%. That is, we found relatively more
glottalized syllables in the old speakers’ material, compared to
the young speakers’ speech, for both speech types.
On the other hand, we found significant differences between
the age groups. Young subjects glottalized 10.06% of the
syllables on average in reading (s.d.=6.69%), while old
subjects glottalized 13.94% of the syllables in the same task
(but s.d. was 11.41% here). A similar tendency was observed
in spontaneous speech, with young speakers producing
14.11% glottalization (s.d.=5.55%), and old speakers
producing 17.27% glottalization (s.d.=12.94%). Old subjects
exhibited significantly more inter-speaker variation (Figure 4).
One of them (80 years old, the oldest in the group) glottalized
more than 40% of her syllables in reading and over 50% of her
syllables in spontaneous speech.
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Figure 5: The intonation at the end of breath groups.
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4. Conclusions
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In this paper, we compared the properties of young and old
female speakers’ intonation in a corpus involving two speech
types, reading aloud and spontaneous speech production. The
most important results can be summarized as follows.
With respect to pitch range, our data did not confirm the claim
in the literature that pitch range gets smaller with age: in both
speech types, both young and old speakers’ range was roughly
an octave (that is, the ratio of minimal and maximal F0 values
was 1:2). Standard deviation was also very similar across
groups: the F0max/F0min ratio for speakers with the narrowest
ambits fell between 1.49 and 1.65 in both speech types and
both age groups, and the widest range was somewhere
between 2.31 and 2.78.
The factor of age affected the differences between speech
types in opposite ways: in the case of young speakers, reading
was realized with a somewhat wider F0 range (2.13 vs 2.01),
whereas in the case of old speakers, F0 range was wider for
spontaneous speech than for reading (2.01 vs 2.35). Our first
hypothesis (according to which the pitch range of spontaneous
speech would be wider) was therefore only partially
confirmed. One reason for the attested difference between age
groups may be that younger speakers were more careful about
expressive reading; they realized more variegated
suprasegmental structures. Another reason may be that the
spontaneous speech of older subjects involved more emotions
(probably due to the memories of long-gone experiences as
most of them were talking about their former jobs); this
resulted in wider variability of F0 values and higher pitch
interval values in the spontaneous speech of old subjects,
compared to young people.
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Figure 3: Voice quality data as a percentage of the total
number of syllables.
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Figure 4: Voice quality data by speaker
(Y = young, O = old, r = reading).
It is a common belief that young speakers’ speech (and
especially that of young women) is characterized by final pitch
rises and/or final steady pitches [16]. In order to check the
validity of this claim, we analysed the melody (pitch contour)
realizations of ends of breath groups by age and by speech
type. Our results support the claim that breath group final
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We also hypothesized that the ends of breath groups would be
characterized by pitch rises in spontaneous speech more often
than in reading; this, however, was not confirmed. Similarly,
no confirmation came for the claim that young people’s
(spontaneous) speech would involve more pitch rises at the
end of breath groups than old people’s speech. On the other
hand, steady-pitched ends of breath groups dominated in the
spontaneous speech of young subjects.
In the production of older speakers there were more cases of
phonation differing from modal voice (primarily,
glottalization) than in the case of young speakers; however,
the differences between the two groups were small. In terms of
ratio of glottalization, individual differences within the old
group of subjects were more marked than those between the
two age groups. This means that, with growing age, voice
production becomes more uncertain for some speakers than for
others, that is, the physiological effects of aging may differ
across speakers.
The data reveal that speech type affects the parameters studied
here more than age does. This suggests that the comparison of
reading and spontaneous speech must be taken into account in
forthcoming studies. The results of the present paper, in
accordance with a number of other studies, draw our attention
to the fact that age in itself does not account for all
peculiarities of the fundamental frequency of speech; these
largely are determined on an individual basis at any age.
Longitudinal studies might provide answers to the question of
how growing age modifies the characteristics of intonation,
and whether other voice factors are influenced by such
changes.
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