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Have female voices lowered with time? A diachronic corpus based on French television
or radio shows, constructed around four Periods (1955-56, 1975-76, 1995-96, 2015-16),
grouping 1028 cisgender female and male speakers of four age categories. The speakers’ voices
were automatically segmented at the phone level, and acoustically analyzed. The fundamental
frequency (Fo) and the formants were estimated; from the formants, the vocal tract length
was calculated. Linear mixed regressions were fitted to these acoustic cues to estimate the role
of the speaker’s Age, Gender, and Period. The models showed few gender-specific changes
in pitch-related parameters across Periods. Mean F, decreases with age for females, while it
increases for males. The first formant decreases for open vowels over time Periods. These
observations do not support a lowering of female voices over time. Results are discussed in
the light of previous studies and changes in the structure of the French population.

Keywords: Voice pitch, Gender, Diachrony, Audiovisual archives, Fundamental frequency,
Vocal Tract Length, Formants.

1. Introduction

Beyond the features relevant to the linguistic message stricto sensu, our voices
carry various information relative to individual and social characteristics, thus
participating in the indexicalization of one’s social representation (Eckert, 2008).
Our social roles and identities vary across contexts as we play different characters
depending on interlocutors and social roles (Sadanobu, 2015); these complex
identities are constructed during infancy and adolescence (Drager, 2015).
Audiovisual media shape one’s behavior through their prescriptive use of language
and the display of social types (Stuart-Smith, 2017). The present work proposes
a series of measurements related to the voice’s perceived pitch in a diachronic
perspective (here, we'll consistently use “pitch” to refer to the perceived tone — high
or low — of a voice, not to fundamental frequency or other acoustic parameters).
We view the voice pitch as an essential constituent of one’s distinctive vocal
characteristics, which typically participates in constructing gender display (Cartei
etal., 2019, 2022).

Attributing a gender category to an interlocutor is important for spoken
interactions in many cultures. It notably allows the use of adequate terms of address
or honorifics (Tawilapakul, 2022), which are embedded in cultural systems and
the localized language varieties (for terms of address in varieties of Spanish, see,
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e.g., Rebollo Couto & Lopes, 2011). Gender categories may be attributed rapidly
when cues are not ambiguous (Doukhan et al,, 2023). This attribution is linked
to a complex system of visual and acoustic cues (Richoz et al., 2017). Among the
acoustic cues, various aspects were studied, and it has been shown that a combination
of factors shall be used to decide gender (Merritt & Bent, 2022). However, the
perceived pitch of a speaker’s voice constitutes a fundamental aspect of gender
indexicality in its complex realities (Leung et al., 2018; Pépiot & Arnold, 2021;
Weirich & Simpson, 2018).

Individuals construct their voices during their lifespan, and the vocal
characteristics are notably tuned to target the gender representation each wants to
display in a given context (Holmes, 1998; Podesva, 2007, 2011). This vocal display
is trained during childhood, even before puberty (Guzman et al.,, 2014), and of
course, there is a significant vocal evolution during adolescence (Markova et al.,
2016; Yamauchi et al., 2015). Later, during adulthood, we adapt our voices to the
expectations of the sociocultural context (Ohara, 2001). The socially constructed
characteristics of voices are thus part of the cues produced and perceived to interact
smoothly within our society, and displaying more prototypical vocal characteristics
impacts the speech perception process (Johnson, 2006). As cultural constructions,
our voices are not purely intrinsic characteristics of our phonatory system but are
tuned to how we use them.

As well as being an important indicator of gender, the voice pitch plays a varied
role in vocal communication. A fundamental aspect of the voice’s pitch during
interactions was captured by Ohala’s Frequency Code (Ohala, 1983, 1994), which
describes the symbolic relation between the pitch of vocalizations and its behavioral
interpretation. It is based on a systematic review of literature (Morton, 1977)
that shows, in mammal and bird calls, a strong relation between low/descending
pitch associated with hostile, aggressive calls vs. high/rising pitch associated
with submissive, appeasement calls. The symbolic use of this vocal difference is
based on the relation between an animal’s size and the pitch of its voice; larger
animals tend to have lower voices and to be more potent (Ohala, 1983, 1994).
In human communication, this symbolic code, among others, is used for various
behaviors (Gussenhoven, 2004) and may explain, e.g., cross-linguistic trends like
the prevalence of raising pitch for questions. Such interpretations of voice pitch
also resonate with the social judgments given to higher and lower voices regarding
psychological powerlessness/power, intersecting with the speaker’s gender — with
a preference for higher-pitched voices for femininity that vary across cultures (van
Bezooijen, 1995). Low voice pitch, a sexual dimorphism correlate, was described
as an important feature for males’ reproductive success and attractiveness (Apicella
et al,, 2007; Quené et al., 2021). The reverse holds for high-pitched female voices
being judged as more sexy or attractive, with large variations linked to behavioral
and sociocultural factors (Barkat-Defradas et al., 2021).

The social contexts within which a speaker is evolving thus create strong
expectations of their vocal characteristics. In light of the preceding paragraphs,
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these expectations may be divergent when female speakers behave in public arenas,
typically in the political field, where a higher voice carries “feminine” attributes
linked to powerlessness (“short, weak, dependent, modest” in the terms of van
Bezooijen, 1995), and a lower voice is associated to “masculine” characteristics
and power, credibility, etc. (Puts et al., 2006). As Coulomb-Gully (2022) puts it,
female voices in the (French) political arena (a typical place for the expression of
patriarchal power) are criticized for entering there and expressing themself: their
voices are “de trop” — always too much of something (too high, too loud, etc.). Such
mismatches in sociocultural expectations led some female politicians to follow
voice coaching to deepen their voice; similar social impositions led others to modify
their accents to fit the perceived expectations linked with a given position (Riverin-
Coutlée & Harrington, 2022). These impositions also apply differently in different
places, where prototypically feminine features may be relevant for being successful.
Cinema and TV actresses also receive varying demands for their voices, depending
on the producers’ cultural background. French producers have different criteria
than companies from the USA, looking after voice talents for dubbing that match
the original voices (Le Févre-Berthelot, 2015).

Within this context that puts the voice’s pitch as a central cue indexing gender,
there are growing claims that the female voice’s pitch has lowered over time, and
most of them (e.g., Ellis et al., 2023; Krah¢ & Papakonstantinou, 2020) base their
claim on the same reference (Pemberton et al., 1998). These claims are repeated
over several media platforms and sometimes twisted in the process. A newspaper
article (Nebelsztein, 2018), for example, cherry-picked two scientific papers (Berg
et al., 2017; Pemberton et al., 1998) presenting studies supporting a lowering of
the fundamental frequency of females to conclude female voices have lowered
while male voices haven’t — and it is not isolated (e.g., Robson, 2018; Taylor, 2018).
There are several problems with this claim, firstly because it does not consider
other studies with contrasting conclusions (e.g., Hollien et al., 1997, or the more
recent work by Suire & Barkat-Defradas, 2020); secondly because the study by Berg
et al. (2017) does not present diachronic evidence and uses a relatively peculiar
production protocol that may influence their measure; third, because these works
test the pitch of Australian (Pemberton et al., 1998) and German (Bergetal., 2017)
females and the voice pitch is culturally encoded, so it is difficult to generalize to
other populations; finally, the diachronic work of Pemberton et al. (1998) finds a
difference amounting to a lowering in the mean pitch of 1.8st (which is arguably
limited) and does not test male speakers, nor female of different age, so it is more
complex to know if there are some other factors (like vocal effort — e.g., Berg et al.,,
2017; Titze & Sundberg, 1992) that may be involved in the described difference.

To provide referential values for the case of voices spoken and perceived in France,
we present here a diachronic study that measured two correlates of voice pitch — the
voice fundamental frequency (F,) and an estimation of the vocal tract length (VTL)
based on its resonances — within the speakers of a cross-sectional dataset based on
1028 cis-gender female and male speakers between 20 and 80 years old broadcasted
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in French national television and radio channels along 60 years spanning between
1955 and 2015. The effects of the speakers’ gender, age, and broadcasting periods
are evaluated to observe potential variations. The paper first presents the corpus
construction process, its evaluation, the acoustic measurements, and the statistical
analysis; it then presents the changes observed for the three controlled factors and
discusses them in the light of the literature.

2. Methods
2.1 Corpus

2.1.1 Speaker characteristics and identification process

This work is based on the diachronic corpus collected by Uro et al. (2022),
composed of extracts from broadcasted television or radio shows from the French
National Institute of Audiovisual (INA) archives. Programs broadcasted through
regional channels were excluded from analyses to keep only voice representations at
the national level. Each type of show has a specific stylistic feature. As speech style
impacts voice characteristics, studio-based talk show interviews were preferred to
maximize sound recording quality (to avoid environmental noises) and gather data
from interactive discussions where the participants shall have reasonable speaking
time and use question/answer interactions. Note that on a corpus of such a scale
(more than 850 different archives entries were used), the topic in each show could
not be controlled, but many domains are represented, from news and politics to
arts, science, education, etc. The shows were selected for being broadcasted at four
different time Periods spaced by 20 years (1955-1956, 1975-1976, 1995-1996, 2015-
2016), and potential speakers were identified by INA’s archivists to reach a target of
thirty speakers of both genders in four age categories (20-35, 36-50, 51-65, over 65).
Thirty speakers for each of the 32 categories of four time Periods * four Age categories
* two Genders amounts to a theoretical target of 960 speakers. The documentalists
identified more than 6,000 potential target speakers within INA archives.

A semi-automatic process, through diarization and speaker identification,
allowed the effective identification of the targets in actual recordings (Uro et al.,
2022) and led to a dataset comprising 1028 speakers with a minimal amount of three
minutes of recordings per speaker; these speakers are spread across time Periods,
Age categories, and Gender according to Table 1. It is worth emphasizing the solid
and consistent bias of female representation in the media (Coulomb-Gully, 2011;
Doukhan et al., 2018): even trying to identify an even number of speakers of each
gender, the dataset has about 50 % more males than females. This is explained by
the difficult task of finding female speakers, especially in the youngest and oldest age
categories, in the 1950s and the 1970s: the archivists managed to find a sufficient
number of targets, but during the identification stage, many of the females were
given minor roles, often only appearing on stage while males spoke on their behalf.
The process led to identifying more males in some categories than the 30-speaker
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initial goal because only the male target(s) speak in some archives featuring several
target speakers.

Table 1 - Number of speakers for each of the time Periods (by row), Age category (column),
and Gender (Female or Male, in columns), plus marginal sums

20-35 36-50 S1-65 > 65 Row sum
F M F M F M F M F M Both
1955-56 18 41 21 72 18 S1 19 15 76 179 255
1975-76 18 18 23 42 28 37 18 25 87 122 209
1995-96 31 30 33 45 29 48 29 34 122 157 279
2015-16 31 31 30 53 29 49 31 31 121 164 285
Columnsum 98 120 107 212 104 185 97 105 406 622 1028

Figure 1 - Number of potential target speakers identified within INA databases across Periods
(individual plots), age categories (x-axis), and gender (white or grey bars)

The representational bias in the media also applies to age categories, with the
youngest and oldest categories underrepresented. This explains the fewer targets
in these age categories (Table 1), as illustrated in Figure 1, representing the number
of potential targets identified by the archivists within INA databases. The overall
aging of the French population may be observed with the growing proportion of
the 51-65 y. o. category over the Periods, and the decrease of the 20-35 one. The
difference in the number of targets between time Periods is linked to the smaller size
of the oldest archives, with fewer channels and fewer shows recorded at that time.
For each target speaker identified in the corpus, a minimum of three minutes
of speech was selected, removing passages where non-speech events exceed a given
signal-to-noise ratio threshold to keep only relatively clean speech. A similar process
also removed overlapping speech events. This cleaning procedure was essential



52 SIMON DEVAUCHELLE, ALBERT RILLIARD, DAVID DOUKHAN, LUCAS ONDEL YANG

to keep only qualitative speech recordings; it removed about 2/3 of the spoken
segments (Uro et al., 2022).

For each speaker, the selection process ended with passages of speech of more
than two seconds (the different passages amounted to more than 3 minutes of
speech), but not necessarily corresponding to complete speech turns, as the noise
removal procedure may delete parts of the turns, e.g., where music was found in
the background. These passages of speech are mainly rid off pauses, which were
removed at the diarization stage. Table 2 presents the total duration of speech
considered for each category of period, age, and gender.

Table 2 - Total duration (in minutes) of speech passages selected for all speakers belonging
to the same time Period (by row), Age category (column), and Gender (Female or Male,
in columns), plus marginal sums

20-35 36-50 S1-65 > 65 Row sum
F M F M F M F M F M  Both
1955-56 21 98 52 200 39 168 102 161 214 527 741
1975-76 38 86 43 120 172 130 147 272 400 608 1008
1995-96 238 194 253 390 369 402 454 339 1314 1325 2639
2015-16 287 240 175 439 211 325 291 342 964 1346 2310
Columnsum S84 618 523 1149 791 1025 994 1014 2892 3806 6698

2.1.2 Automatic transcription, phone segmentation, and evaluation

The entire speech corpus was automatically transcribed using Whisper (Radford et al.,
2023). Then, the output transcripts were phonetized and force-aligned on the speech
signals to extract vocalic excerpts, using pre-trained models for French from Montreal
Forced Aligner (MFA; McAuliffe et al., 2017) and its French phonetic dictionary
and language models (McAuliffe & Sonderegger, 2022¢, 2022b, 2022a, 2022d).
Timing indications proposed by the ASR predictions were also used to strengthen the
alignments. Only oral vowels were selected by taking the middle frame of the detected
vowel, resultingin the selection of over 1,300,000 frames. Twelve French oral vowels were
selected: /a/,/a/, /e/, ¢/, /ce/, /3], @/, /i/,/0/, >/, /u/ and /y/. Frames corresponding
to vowels more than 200 milliseconds long were discarded from the study, preserving
96 % of the detected vowels. Automatic misalignment or poor automatic transcription
can result in longer durations. We also removed frames corresponding to unvoiced
phones using the voiced/unvoiced decision described in the next section.

An evaluation of the automatic transcription was conducted to evaluate the
quality of the pipeline. While Whisper has been tested on French material (Radford
etal., 2023), the evaluation corpora were based on read speech, potentially differing
from the more spontancous productions of our audiovisual corpus. A subset of 81
speech segments (about 20 minutes) was randomly selected across all periods, gender,
and age categories. Four L1 French speakers manually transcribed the segments,
which were then phonetized and forced-aligned by MFA. Our main concern
was that the ASR system would make up words that had not been pronounced,
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especially for older materials where sound artifacts are more common. Excerpts
from old audio archives are less likely to have been used for Whisper training as
they are less common. A further assumption was that Whisper tended to “smooth”
transcriptions by removing hesitations and repetitions. To get a clearer idea of the
system efficiency for this application, two scores were used corresponding to two
analysis levels: the word error rate (WER) and the phone error rate (PER). Results
are presented in section 3.1. In the following analysis, the central 25ms frame of
each vowel was targeted for the acoustic analysis.

2.2 Acoustic analysis

The parameters targeted in this paper are known correlates of perceived pitch
(Laver, 1980; Ohala, 1994) and are related to anatomical differences between
females and males (Gisladottir et al., 2023; Sataloff, 2017; Simpson, 2009; Titze,
1989): from each vowel, segmented as described above, we estimated the voice
fundamental frequency (F,) and the first four formants. We also estimated the Vocal
Tract Length (VTL) from the formants used as proxies of the vocal tract resonances
(Titze etal.,, 2015).

For F, estimations, it has been shown that pitch detection algorithms perform
differently on difficult signals (Vaysse et al., 2022). We used three algorithms to
robustly estimate the fundamental frequency: Praat’s AC algorithm (Boersma &
Weenink, 2022) with an F, , range of 65-650 Hz, REAPER (Talkin, 2015) with the
default setting and with Hilbert transform (thus estimating two voicing estimates),
and FCN-FO (Ardaillon & Roebel, 2019) with its default pitch range (30-1000Hz)
and Viterbi smoothing. We used F| values estimated by Praat and FCN-FO, plus
the voiced/unvoiced decision produced by Praat and REAPER. Only the frames
classified as voiced by Praat and REAPER were considered; among these frames,
those who received F; values from Praat and FCN-FO that do not difter by more
than a 20 % gross-error-rate threshold (e.g., Jouvet & Laprie, 2017) were considered
valid. This strategy considers only 52.2 % of valid frames in the original signal, less
than if considering only the Praat algorithm output (61.1 %). On these frames, the
value returned by Praat was considered.

The first four formants (F1’ F, F, F 4) were estimated by applying Praat’s
implementation of the Burg algorithm (Boersma & Weenink, 2022). As this work
is focused on an estimate of acoustic differences linked with a possibly varying
expression of gender through vocal cues, it seems dubious to use the speaker’s
gender to change the algorithm parameters — and typically, the frequency ceiling:
Praat’s recommendation is to set the ceiling to 5500Hz for female, and 5000Hz
for males, but this proved problematic, e.g. for /u/ vowels produced by females
(Gendrot & Adda-Decker, 2005). We thus followed here the strategy proposed by
Escudero et al. (2009), which consists of extracting, for each vowel, several potential
sets of formants with different ceilings and then deciding an optimal ceiling for
each speaker and each vowel category. The best ceiling minimizes the sum of the
variances of each of the first three formants (using the logarithm of their values in
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Hertz) for this speaker and this vowel; three formants were considered here (only
two in Escudero et al., 2009) as in French, the third formant is relevant for rounding
(e.g., Ménard et al,, 2009). The set of ceilings that was used is based on the default
ceiling for each gender (5.5 and 5 kHz for females and males), plus twenty ceilings
above and twenty below this default value, spaced by percentual of the default
ceiling value; this was done using Praat’s FormantPath function, that implements
part of Escudero et al. (2009) algorithm, applying the different ceiling according to
equation 1 (from Praat help), where the frequency ceiling (FC) at the #* step above
or below the middle-frequency ceiling (MFC) equals MFC multiplied by a factor

determined by plus or minus (if above or below) 7 times the szep size.

(1) FC; = MFC x e(#i»step)

In our case, 7 varies from 1 to 20, and the szep factor was set to 0.01, so to have steps of
approximately SOHz below or above the middle ceiling frequency - for ceilings ranging
from above 4000Hz up to 6100 Hz for males, and from 4500 up to 6700Hz for females.
Formants were estimated frame by frame; those on frames classified as unvoiced during
the F, estimation process were discarded. The £ and the formant values estimated at the
middle of each vowel are considered for the remainder of this work; £ was expressed in
semitones relative to 1Hz and formants in Bark to fit their perception.

We used the first four formants to estimate the vocal tract length (VTL). This
was done by using equations 2 and 3 from Lammert & Narayanan (2015), where
F,,F, F, and F, are the first four formant values (in Hz), and C=34000cm/s is the
speed of sound. One estimation of VTL was done on each vowel of the corpus.

_ 0.089F 0.102 F, 0.121 F; 0.669 F,
2 ¢= 1 + 3 + 5 + 7
C
(3) VTL = pyr

2.3 Statistical models

On each vowel, the measurements of the F, the first three formants, or the VTL
were used as the dependent variable (DV) of linear mixed models fit with R’s /me4
library (Bates et al., 2015; R Core Team, 2023), with as fixed factors the speaker’s
Age (in years, averaged over the different shows from which their speech was
extracted, if applicable), the speaker’s Gender (Female, Male), and the time Period
(1955-56, 1975-76, 1995-96, 2015-16). For models based on the F, and the VTL
dependent variables, the Speaker and the Vowel (the 12 oral vowels considered
here) factors were used as random factors in the model, with Vowel nested within
Speaker, to account for the individual variability in vowel performances (see eq.
4 for the maximal model based on these measurements, where DV'is either F or
VTL). For the models fitting formants, the Vowel factor was used as a fixed factor
to allow describing formant variations linked to vowels, and the Speaker factor was
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kept as a random factor (see eq. 5 for the maximal models based on formants, where
F, stands for formant formants F,F, or F3).

(4) DV ~Age * Gender * Period + (Speaker/Vowel)
(5) F; ~Age * Gender * Period * Vowel + (Speaker)

A model simplification procedure was then applied to each model described
by equations 4 and 5, using R’s szep() function (Kuznetsova et al., 2017). For the
model based on VTL, the simplification procedure deleted the triple and double
interactions, leaving only the main fixed factors (see Table 3). For the model based
on F, the triple interaction and the double interaction between Age and Period were
deleted, leading to a model with three fixed factors and two double interactions:
between Gender and Age, and between Gender and Period (see Table 4). For the
models based on formants, no simplification was done.

Table 3 - Output of the backward reduction process for the model fitted on VTL, for Random
Jactors (first part: number of eliminated factors, number of parameters, log. Likelibood,
Akaike Information Criterion, Likelihood Ratio Test, degrees of freedom, and p-value), and
for Fixed factors (second part: number of eliminated factors, Sum of squares, mean square,
numerator and denominator degrees of freedom, F value, and p-value)

Random Eliminated — npar logLik AIC LRT Df P
<none> 19  -1670409 3340857
(1| Vow:Spk) 0 18  -2044955 4089946 749092 1 <2.2e-16
(1| Spk) 0 18  -1670770 3341575 721 1 <2.2e-16
Fixed Eliminated SumSq MeanSq NDF  DenDF  Fuvalue p
Age:Gen.:Per. 6.20 2.07 3 999.05  1.9621  0.11801

1
Age:Period 2 0.94 0.31 3 1002.36  0.2970 0.82756
Gen.:Per 3 2.31 0.77 3 1002.88 0.7319 0.53308
Age:Gender 4 2.75 2.75 1 1002.03 2.6074  0.10668
0 1
0 1
0 3

671 6.71 1003.95 63746 0.01173
2369.13  2369.13 1001.65 2250.1529 < 2e-16
100.53  33.51 1006.18 31.8271  <2e-16

Age
Gender
Period

Table 4 - Output of the backward reduction process for the model fitted on F,, for Random
Jactors (first part: number of eliminated factors, number of parameters, log. Likelibood,
Akaike Information Criterion, Likelihood Ratio Test, degrees of freedom, and p-value), and
Jfor Fixed factors (second part: number of eliminated factors, Sum of squares, mean square,
numerator and denominator degrees of freedom, F value, and p-value)

Random Eliminated  npar logLik AIC LRT Df P
<none> 19 -3085128 6170293
(1 | Vow:Spk) 0 18 -3097069 6194174 23883 1 <22e16

(1| Spk) 0 18 -3094811 6189658 19367 1 <2.2e-16
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Fixed Eliminated Sum Sq MeanSq  NDF  DenDF  Fuvalue p

Age:Gen.:Per. 1 18.430  6.143 3 998.47 0.4760  0.69909
Age:Period 2 71.255  23.752 1001.64 1.8401 0.13817
Age:Gender 0 246.772 246.772 1004.04 19.1181 1.357e-05
Gender:Period 0 105.208  35.069 1004.40 2.7169  0.04356

W | = | W

3. Results

3.1 Evaluation of the automatic transcription and phonetic alignment

On the subset of 81 speech segments, and compared to the human transcription,
Whisper reached a 12.8 WER, using Whisper large v2 and after text normalization.
The WER on our dataset is thus slightly higher than the WER on FLEURS and on
Common Voice described in the OpenAl paper (Radford et al., 2023), but it is still
a close performance. As we are here interested in the evolution of some phonetic
characteristics of French spoken in the media, the PER appears to be more adapted
to evaluate the efficiency of the ASR system. Some difficult-to-decide transcription
differences may not lead to pronunciation differences (e.g., for French: plurals where
spelling differs but not pronunciation) — and indeed, the PER was 7.9 % when all
phones were considered and 9.8 % for oral vowels only.

Let’s emphasize that the precision at the phone level is 97.4 %; in other words,
Whisper produces few hallucinations in its predictions, at least once phonetized.
5.4 % of vowels in the evaluation subset were deleted during the automatic
alignment process compared to the manual transcription — showing a reduced
effect of Whisper in smoothing its outputs. Indeed, most of the errors at the phone
level are deletions (68.2 %). As shown in Figure 2, the most frequently deleted
vowels were /ce/ (46.7 % deletion), /o/ (44.6 %), /a/ (8.6 %), and /e/ (7.2 %).
One-quarter of deleted oral vowels are derived from the French word for hesitation,
“euh” (pronounced /ce/ or /@/), followed by the function words “et” (6.5 %) and
“de” (4.7 %). As shown in Figure 2, the vowel class the most “hallucinated” is the
/a/:33 % of its insertions come from the negation word “z¢” which is generally not
produced in casual conversations but added by Whisper, producing more formal
sentences in its outputs.
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Figure 2 - Proportion of vowels deleted (white) or inserted (grey) during the antomatic
transcription process

Similar to Barras et al. (2002) findings for another ASR system evaluated for the
transcription of French media archives, we do not notice differences in the phone or
word error rates of Whisper transcriptions over time. Varying performances linked
to gender may be related to the specific characteristics of the selected speakers
(speaking style, recording conditions, etc.) and not to gender itself.

3.2 Variations of VTL with Age, Gender, and Period

The mean tendencies of the linear mixed model fitted on values of VT L are displayed
in Figure 3 for the three fixed factors together (let’s recall there were no significant
interactions between them). The main effect in the model is —of course- related
to the speaker’s Gender and reflects the mean difference of about two centimeters
observed between adult females and males in vocal tract length, corresponding to
several descriptions in the literature (De Pinto & Hollien, 1982; Hollien et al.,
1994; Vorperian et al.,, 2009, 2011, 2019). The two other factors have much smaller
effect sizes if they show significant and continuous trends. There is a tendency for
vocal tract resonances to decrease with the speakers’ Age, that amount, in terms of
estimated VTL, to a lengthening of about 0.25cm between 25 and 85 years old.
Comparatively, the effect linked to Period is twice as large, with an increase of about
0.5 cm of estimated VTL between the 1955s and 2015s.

3.3 Variations of F, with Age, Gender, and Period

The model fitted to the speakers’ estimated F values is based on two interactions:
one between the Gender and Age factors, and the second between the Gender and
Period factors. As for VTL, the Gender * Age interaction (see Figure 4) corresponds
to the description in the literature of 7 changes with these two factors, with Sataloff
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et al. (2017) describing a decreasing trend of F, with age for females (descending
pitch with age) and an increase for males (rising with age; see also Gisladottir et al,,
2023). The trend of FO change with age observed in our dataset corresponds to a
decrease of 1.7st for 60 years or 0.3st for 10 years of age in female voices. For male
speakers, the mean F; value tends to increase at a slower pace, with a rise of 1.3st for
60 years corresponding to a rate of 0.2st for 10 years.

Figure 3 - Mean VI'L (with confidence intervals) estimated by the model based on speaker Age
(values for 25, 45, 65, and 85 y. o. are plotted), Gender, and time Period; the values estimated
for each speaker are plotted as individual lightly coloved points in the background, to give a

better idea of the observed variation

Note that the study by Leung et al. (2022) describes a downward trend of F,
independent of gender, but the authors do not include the interaction between these
two factors in their model and have a population sample with about twice as many
females as males. The study by Berget al. (2017), with a population between age 40
and 79 years old, observed a downward trend of F| for females but no significant
change with age on this measurement for male speakers.

Theinteraction between Genderand Period is represented in Figure 5. A post-hoc
comparison (with Bonferroni adjustment) between periods, fixing gender, showed
that the only significant difference is an increase of F;, observed between 1995-96
and 2015-16 for male speakers (3> = 8.44, p = 0.044). This limited importance of
the interaction (the observed differences are smaller than one semitone), as well
as the fact that the changes across periods do not show a clear trend but rather
differences from one period to the other, not always in the same direction, may
lead to conclude these differences may be linked to others, uncontrolled, factors
(e.g., different characteristics of the shows, like the position of the microphones, the
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ambient noise, etc.), than a result that can be interpreted as a gender-specific trend
over time. We can nonetheless observe that the cloud of points corresponding in
Figure 5 to females from the years 1955-1956 seems to be somehow higher than the
other clouds, without this leading to a significant difference in their mean.

Figure 4 - Mean FO (with confidence intervals) estimated by the model based on speaker Age
(x-axis), and Gender (colors and separate lines); the mean values estimated for each speaker are
plotted as lightly colored points in the background to give a better idea of the observed variation

3.4 Variations of Formants with Age, Gender, and Period

None of the three models based on formants could be simplified: it shows there are
some complex interactions between the four fixed factors that will be difficult to
fully understand, notably because they relate to age and phone. We are not aware of
theoretical reasons for such differences (Hermes et al., 2023), apart from potential
changes in the phonetic implementation of the vowel inventory (Cecelewski
et al,, 2023) — but such changes are not sufficiently described to provide stable
hypotheses. In the remainder of the description, the Age factor will thus be
overlooked to simplify the interpretation and understanding of the other factors
(it was set to 40 years).
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Figure 5 - Mean FO (with confidence intervals) estimated by the model based on speaker
Gender (x-axis), and time Period (colored points for each gender); the mean values estimated
for each speaker are plotted as lightly coloved points in the background, to give a better idea of

the observed variation

The shapes of the vocalic spaces (not shown) show some differences across Gender
and Periods. The larger effect (after the obvious effect of vowels, which fit the
expected distribution of oral vowels in French across the (F,, F)) plane (e.g., Apostol
ctal., 2004) is related to Gender, with higher formant values for female speakers, as
expected. For the interaction of the factor Period with the other factors, the vowels
tend to be shifted toward lower F, values with more recent time Periods. This change
is shown in Figure 6: it is possible to observe higher values for this formant during
the 1955-56 Period compared to the latter ones, especially for open vowels /a/ and
/a/. This is less marked for closed vowels, especially for males. Higher formants for
the same vowel are typically observed with a larger mandible opening (Erickson,
2002), which may be linked to higher vocal effort (Rilliard et al., 2018).

Variations of the F, across time Periods are plotted in Figure 7. The effect of
Period is restricted to a few vowels, /a/ and /o/. For /a/, we observe a rising of F,
and thus an anteriorization tendency with time corresponding to the loss of the
phonemic distinction between /a/ and /a/ during the second half of the twentieth
century (Cecelewski et al., 2023). The effect on /o/ goes in the other direction, with
alowering of F. It is unclear which articulatory change may produce this difference
if a centralization of the articulation is possible; we are unaware of a description of
such a change in the literature. These two changes in the second formant do not
seem gender specific, as they are observed for both genders, with comparable time
pace and amplitude.
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Figure 6 - Mean F, (and confidence intervals) predicted by the model based on speaker Age
(values of 40 y. o.) for both Genders (two plots) and the four time Periods (colors); the means
estimated for each speaker and each vowel are plotted as lightly colored points, to give a better

idea of the observed variation

Figure 7 - Mean F, (and confidence intervals) predicted by the model based on speaker Age
(values of 40 y. o.) for both Genders (rwo plots) and the four time Periods (colors); the means
estimated for each speaker and each vowel are plotted as lightly colored points, to give a better

idea of the observed variation

Figure 8 - Mean F, (and confidence intervals) predicted by the model based on speaker Age
(values of 40 y. o.) for both Genders (two plots) and the four time Periods (colors); the means
estimated for each speaker and each vowel are plotted as lightly colored points, to give a better

idea of the observed variation
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The changes in F, are presented in Figure 8. There are few interpretable tendencies
for this formant, as the main change related to Period applies to the /a/ produced
by females in 1955-56. Still, it is difficult to interpret this change as something other
than a bias potentially linked to formant estimation.

4. Discussion & Conclusions

This work presented the use of an extensive (111 hours) corpus of spontaneous
speech (Uro et al., 2022) produced mainly in studio conditions in French national
media archives, spanning 60 years in four periods. It is somehow balanced for gender
and age — with limits related to strong gender and age bias in the representation of
speakers featured in audiovisual media. An automatic transcription was made and
evaluated. The evaluation showed a robust quality of the Whisper ASR system for
French and media speech (targeting here interventions during talk show interviews),
with a slightly higher word error rate than the one presented in their evaluation
(Radford et al., 2023) on another speech genre. It also shows Whisper tends to
remove the hesitations and repetitions typical of spontaneous speech productions:
this shall not be a problem for our goal, but it should be carefully considered for
studies interested in such phenomena.

We have presented an analysis of some measurements related to the perceived
pitch of a voice: its fundamental frequency and formants, measured on oral
vowels only. A preceding work (Rilliard et al., 2023) on the same corpus extracted
similar measures but without phonemic segmentation but reached a comparable
conclusion if limited by the absence of information on phones. The formants were
used to estimate the vocal tract length that is related to its resonances. These source
and resonance characteristics are cited in the literature as important correlates of
perceived pitch (Ohala, 1983, 1994) and constitute major acoustic cues for the
perceptual attribution of a gender to a voice (Guzman et al., 2014; Leung et al,,
2018). In relation to the display of gender and a possible secular trend supporting
an evolution tendency in France — and especially, in our case, through the national
media, our data analysis does not support the view of a change (toward a lowering)
in voice pitch specific to female voices, as in Hollien et al. (1997) for another
linguistic and cultural context. let’s recall these authors found an effect of style on
pitch, but not a diachronic tendency. This is significant in our case, and we would
like to restate that the corpus was based on talk shows featuring interviews — thus
our results shall be restrained to this kind of material.

For the VTL, the model captured an increase in its estimated length across
Periods, which corresponds to a lower pitch — but this lowering is observed for
both genders; this impedes an interpretation as a gender-specific change. For F,
the changes captured by the models in relation to Periods are minimal and do
not follow a time trend but rather tend to vary from one period to the other in
different directions, with amplitude below the threshold of statistical significance
in most cases (but in one case for male speakers). Finally, for formants, the main
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finding related to Period is linked to F,, which has higher values for open vowels
in 1955-56 compared to more recent Periods — and this observation is once again
not gender specific if it may contribute to a lower pitch. Other findings are more
related to changes in the vocalic system of French (loss of the /a a/ opposition) than
to changes in the voice pitch.

More robust variations in the acoustic parameters were nonetheless observed,
which cues to a lowering of pitch. The most striking one is the change in F, with
the speaker’s age, with a descending trend for females and a rising trend for males.
This leads to a remarkable reduction of about 3 st in the mean difference between
male and female mean £ values from 20 to 80 years of age; about one-third of
the difference between young adults is lost when comparing the older part of the
population. These gender-specific changes correspond to several descriptions in
the literature, either on acoustic measurements (Gisladottir et al., 2023) or based
on physiological considerations (Sataloff et al.,, 2017). They are, however, not
observed systematically (Berg et al., 2017). It is known that the voice production
task influences F, changes (Hollien et al., 1997) thus, the controlled production
task proposed by Berg et al. (2017) may explain some of the observed discrepancies.
Let’s recall our dataset proposes spontaneous productions during broadcasted talk
shows that are clearly a different style of voice than the excerpts proposed in the
literature just cited hereabove (which, with the exception of Hollien et al. 1997,
do not include a diachronic dimension). A more comparable dataset was described
by Suire & Barkat-Defradas (2020) and is based on vox pop interviews in French
media archives. Unfortunately, this corpus was not controlled for age (for obvious
reasons) thus, it cannot be used as a comparable reference here — if this study also
does not observe trends of pitch lowering for female voices. In our study, a trend
of VTL lengthening was also observed with age, which was gender-independent
but supported the same interpretation as for F of lowered pitch voices for older
females. This trend does not depend on Periods.

The dataset presented here does not support the claim that the pitch of female
voices has lowered since the 1950s, independently of other controlled factors — and
typically their age (a conclusion similar to Hollien et al., 1997). In the same age
range, females participating in talk shows on national French media tend to have
comparable pitches in 1955 and in 2015. Let’s also note that the mean pitch of
voices within a given gender category varies by about one octave across individuals
(see Figure 5). This must be highlighted, as the overall means (about 210Hz for
females and 130 Hz for males in this dataset) are not necessarily representative
of what female or male voices necessarily are: the mean observed for one speaker
varies between about 130 and 260Hz for females, and 90 and 200Hz for males.
There are thus no clear-cut £ differences that separate both gender voices. There
are, nonetheless, notable differences in the distribution of individuals participating
in television and radio shows in these two periods. As shown in Figure 1, based
on a selection of 6,000 individuals from INA databases, there were more females
between 20 and 35 years old and fewer females between 51 and 65 years old in the
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1955-56 period than in 2015-16 (this also applies to males). This may be explained
by the aging of the population in France during this period (INSEE, 2023). In the
more recent Period (2015-16), there are more chances to observe a female speaker
in the media (the proportion of females in the shows has increased since the 1950s;
see Doukhan et al., 2018), but the chances of this individual being above 50 years
old also increased. Not controlling for the population’s age and sampling speakers
randomly from TV and radio shows would thus lead to an age difference for the
observed population. It is possible that auditors in the 2010s were exposed to female
voices that were, on average, lower than the voices presented in a random sample in
the 1955-56 period just because these 2010s females are, on average, older than in
the 1950s. This may induce an erroncous (on the basis of the dataset presented
here) conclusion about lower female voices in recent periods.

An important feature of this work is that it also looks at male speakers (unlike
Pemberton et al., 1998), and this allowed us to describe trends across periods
that are not gender specific but may be interpreted as features correlated with a
lowering of voices across this time period. This is the case of VTL or of the first
formant for open vowels, with lower resonances in more recent periods. To explain
such a tendency, the changes in the studio settings across these periods may give
an important clue, with the microphones” positions being more distant from the
speaker’s mouth in older archives, while they are closer in recent shows: this impacts
the speaking style, and typically the vocal effort, with more projected voices in older
archives (Boula de Mareiiil et al., 2012). Producing higher vocal effort is known
to increase the voice’s F, (Alku et al,, 2024; Berg et al., 2017; Titze & Sundberg,
1992), and it impacts the first formant, typically for the open vowels (Rilliard et
al., 2018). Thus, changes in voice pitch observed in the media that are not gender-
or age-dependent may be explained by situational variables and changes in sound
recording practices.

Has the pitch of female voices changed with time? This dataset does not support
this claim; meanwhile, this dataset certainly presents a series of possible biases
that limit the reach of the conclusions one may draw from it. For example, it is a
speech genre (speech presented in talk shows from the French audiovisual media)
that features mostly individuals from high socioeconomic and prestige status (for
example, almost all the speakers have their Wikipedia page). Thus, the dataset does
not represent the general French population (a difference with studies like Bergetal.,
2017; Gisladottir et al., 2023). The dataset is more adequate to describe the type of
voices that are presented, with prescriptive characteristics, to the French population
through the national audiovisual media. More specifically, the absence of a global
trend does not mean some individuals cannot have lowered their voices: reports
exist that some female personalities have decided or felt compelled to lower their
voices (Coulomb-Gully, 2022). Typically, they are females with social positions of
power (in the political sector or in the economy). It shall be possible to label the
speakers of the current dataset in terms of professional occupation and to check
if this allows observing a pitch lowering for a subpart of the (female) population;
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this is an ongoing work that shall be presented soon. A problem with this approach
is that females with political or economic responsibilities will constitute a very
reduced or even absent population group in the 1950s.

The proposed dataset is also worth other types of analyses than trying to find a
secular trend in voice pitch. An obvious body of research is linked with modeling
potential articulatory changes in a diachronic perspective, as the convergence of the
two /a/ of French (Cecelewski et al., 2023).
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