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ABSTRACT

This paper deals with inter- and intra-speaker varia-
tion over time in adult-directed speech of first-time
parents. The study investigates the potential effects of
sociopsychological parameters such as parental in-
volvement and gender identity in German and Swe-
dish mothers and fathers.

Picture descriptions of 71 participants were rec-
orded at four time points (one before the birth of the
child, three more during the baby’s first year) and
acoustic analyses were conducted regarding mean
fundamental frequency and acoustic vowel space.

Inter-speaker variation was found between the pa-
rental groups reflecting (culture-specific) gender
roles (expressed through parental involvement and
femininity). Intra-speaker variation over time in mean
fO only found in the German mothers, points to the
role of sociopsychological factors besides hormonal
influences due to pregnancy.

Keywords: fine phonetic detail, f0, AVS, parents, in-
tra-speaker variation

1. INTRODUCTION

Until recently, sex- and gender-specific fine phonetic
detail has been investigated by highlighting differ-
ences between male and female speakers. Alongside
biological factors responsible for differences between
the sexes [1-4], social factors have been claimed to
explain gender-specific variation in adults [5-9]. By
looking at variation within genders and incorporating
the impact of sexual orientation, gender research has
become increasingly multi-facetted [10-12].

Most recently, gender identity in terms of self-
rated femininity, masculinity or gender role orienta-
tion has become a further intriguing factor being con-
sidered to explain gender-specific variation in fine
phonetic detail within females and males inde-
pendently of or in addition to sexual orientation. Het-
erosexual German males have been found to indicate
self-ascribed femininity through fine phonetic detail
[13]. The study found that the more feminine a
speaker rated himself, the higher his speaking funda-
mental frequency (SFF) and the larger his acoustic
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vowel space (AVS) — i.e. these males exhibited pho-
netic parameters shifted towards female values. In ad-
dition, [14] showed that gender identity differs be-
tween German and Swedish participants with Swe-
dish females showing lower femininity scores than
German females, in turn resulting in similar scores
between the genders in Sweden, but significant dif-
ferences in Germany.

The present study also looks at the relationship be-
tween gender identity and phonetic cues in German
and Swedish speakers, but additionally investigates
the gender role, more specifically differences in pa-
rental role of individual speakers. Moreover, intra-in-
dividual variation is examined in self-ascribed gender
identity in young parents during the first year of their
first child’s life — looking at possible changes in fine
phonetic detail. [16] found lower SFF and less varia-
tion in SFF in English females one year after giving
birth than during pregnancy and 5 years later. The au-
thors name several potential reasons for these intra-
individual changes over time. The main factor the au-
thors suggest are hormonal changes after pregnancy
(decrease in estrogen). However, they also point to
the potential influence of behavioral factors such as
mental and physical fatigue. A similar decrease in
SFF and AVS has also been found in German mothers
during the first year after the birth of their first child
[15], accompanied by changes in self-ascribed femi-
ninity. The present study adds a later time point for
the German data set as well as comparing the German
speakers with Swedish mothers and fathers from
speech samples recorded at the same four time points
before and after the birth of the first child. Sociopsy-
chological data (self-ascribed femininity and parental
involvement) are collected and investigated as possi-
ble interacting factors.

2. METHOD

Written consent from all subjects taking part in the
study was obtained prior to the recording. The project
of which this study is part (see [15]) was reviewed
and approved by the ethics committee of the Univer-
sity of Jena. Acoustic recordings and sociopsycholog-
ical data (regarding femininity and parental involve-
ment) were collected from Swedish and German
mothers and fathers at four time points before the
baby’s birth and within its first year.
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2.1. Participants and sociopsychological measures
erman sweden
35 Swedish speakers (15 females and 20 males) and o -
36 German speakers (15 females, 21 males) partici- 86-
pated in the study. The German participants were on %S, -
average 29.6 years (SD = 3.7, mothers) and 30.8 years £
(SD =6.0, fathers), respectively. Swedish participants g“ %
were on average 31.5 years (SD=3.9, mothers) and 23- T
32.8 years (SD=4.5, fathers), respectively. The fa- s
thers differed in the time they stayed at home with the - : : ‘ ] i
CF Fa Mo CF Fa Mo

child as primary caregiver and were separated into 2
groups, accordingly. One group (Fa) consisted of fa-
thers who took parental leave for at least 3 months
when their child was between three and ten months
old, this being the crucial period when recordings two
and three were made. The other (control) group com-
prised fathers (CF) who, on average, only took 12
days (Sweden) or 10 days (Germany) leave. In Swe-
den 6 males form the Fa group, while in Germany 9
Fa males took part. The CF group is represented by
11 German and 15 Swedish participants.

Participants were asked at each time point about
the time they spend with their child and the activities
they do with them (eight items, asking about the fre-
quency of doing things like play, comforting, nappy
changing in comparison to their partner). Figure 1
shows the values averaged over the three time points
within the first year separated by group and country.
A split between the groups, with Fa participants lying
between CF and Mo, is apparent in both countries.
However, it is more distinct in the German group. The
LMM with involvement as dependent variable and
speaker as random effect reflects this by showing a
significant interaction of country and speaker group
(%*(3) =23.5, p <.001). Post hoc comparisons reveal
significant differences between all three groups in the
German participants (p < .05), but only between Mo
and CF in the Swedish participants (p < .001). In the
Swedish sample, the less clear separation between the
father groups and the genders in general points to a
more balanced participation in childcare.

Regarding gender identity, data was gathered in
terms of self-ascribed femininity using the
GEPAQ_F+ questionnaire (positive Femininity scale
of the German Extended Personality Attributes Ques-
tionnaire [17]). The questionnaire consists of 8 bipo-
lar adjective pairs describing positively evaluated
personality traits traditionally attributed to women
(such as kind, empathetic, sensitive, gentle). The Ger-
man version was translated into Swedish. Participants
were asked to rate themselves on these adjective pairs
on a scale from 1 to 7. Mean values were calculated
for each participant with high values reflecting a high
femininity score.
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Figure 1: Involvement in childcare separated by country
and parent group. High values reflect a strong involve-
ment in childcare.

2.2. Speech data collection

Acoustic recordings were conducted using a headset-
microphone (Sennheiser ew 100 G3 — SK100) and a
ZOOM — H6 Handy Recorder. Each speaker was rec-
orded at four different time points at their homes by a
German or Swedish female experimenter, respec-
tively. The first recording took place 4 weeks before
the expected due date. The second recording was con-
ducted approximately 5 months, the third one 8
months and the last one 12 months after the birth.

Semi-spontaneous speech material was elicited
using a picture description task. Participants were
asked to describe the same fifteen pictures (in a ran-
domized order) at each of the four recording sessions
to the experimenter. The pictures showed various ob-
jects and animals that were chosen as carrier words
for the selected target vowels, with each carrier word
appearing on at least three pictures (see [14]). Vowels
slightly differ between the languages due to language
specific vowel inventories. The respective vowels
(for German: /i: € a u:/, for Swedish: /i: € a a u:/) were
chosen to estimate the vowel space area (VSA) by
calculating the area of the polygon formed by joining
the points defined by the first two formants of these
vowels. In total, 5446 vowel tokens were analysed for
the Swedish data set and 4839 vowel tokens for the
German data.

2.3 Acoustic analysis

Acoustic analyses were carried out in PRAAT [18].
Modified versions of publicly available scripts - dis-
tributed under the GNU General Public License by
Mietta Lennes and Jonas Lindh - were used to calcu-
late the respective phonetic parameters. A psycho-
acoustic transformation of formant and fundamental
frequency values from Hz to Bark was carried out
[19]. The calculation of the AVS was done using the
phonR package [20] in R [21].
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2.3.1 Speaking fundamental frequency (SFF)

SFF was measured for each participant and time point
over the whole sequence of the spontaneous data rec-
orded during the picture description task. Recordings
lasted on average 223 seconds (SD =167 s) in the Ger-
man data, and 287 seconds (SD:178 s) in the Swedish
data. The analysis parameters in PRAAT consisted of
a minimum pitch of 75 Hz, a maximum pitch of 600
Hz and a time step of 0.01 s.

2.3.2 Formants and acoustic vowel space (AVS)

The first two formants (F1, F2) in the target vowels
of the carrier words were measured at the vowel mid-
point. The analysis parameters consisted of a time
step of 0.01s, the maximum number of formants = 5,
a window length of 0.025 s and a pre-emphasis from
50 Hz. The maximum formant value was set to 5000
Hz for males and 5500 Hz for females. Measurements
were checked manually if necessary. Mean F1 and F2
values of each vowel category were calculated for
each speaker and time point and used to estimate the
size of a speaker’s AVS for each recording.

3. RESULTS

Prior to statistical analysis we begin by providing a
description of certain general patterns that are appar-
ent from Fig. 2. This allows us to consider similar de-
velopments in the different parameters (femininity,
SFF, AVS) over time, as well as possible similarities
in the differences between the parental groups (CF,
Fa, Mo) across the different parameters. In the statis-
tical analysis, on the other hand, we will be concen-
trating on individual parameters separately as they
differ between the groups and across the time points.

3.1 Variation patterns in femininity and phonetic pa-
rameters over time — descriptive analysis

Figure 2 shows the variation in self-ascribed feminin-
ity (top), SFF (middle) and AVS (bottom) over the
child’s first year for the different parent groups.
Independent of time, the figure shows interesting
differences between parent groups and countries. As
already shown in [14], regarding femininity, the gen-
ders only differ in Germany but not in Sweden, which
is reflected in smaller phonetic gender differences in
Sweden than in Germany. In addition, we can see that
while the German CF and Fa groups vary with higher
values for Fa and thereby more towards the feminin-
ity scores of the mothers, the Swedish Fa group lies
below the CFs — except for the time following the
baby’s birth (2, green in Figure 2). Regarding the pho-
netic parameters (middle and bottom panels), patterns
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similar to the femininity scores arise: while the Ger-
man Fa parents lie in between CF and Mo (analogue
to their femininity score), the Swedish Fa parents pat-
tern with the CF males (for AVS) or show values be-
low them (for SFF) — reflecting their somewhat lower
femininity score.

Looking at the variation over time, the clearest
pattern can be seen in the German Mos, with decreas-
ing values in all three parameters (femininity, SFF
and AVS) from time 1 to 3 and a slight increase again
to time 4 (c.f.[15]). However, for the other groups the
patterns are not as apparent. The Swedish Fa group
also shows time-dependent variation in femininity
with highest values at time 2 after the birth of the
child (as mentioned above). However, this is not re-
flected in the phonetic parameters. In the Swedish
mothers a similar pattern appears in femininity and
AVS but not SFF.
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Figure 2: Femininity (top), SFF (middle) and AVS (bot-
tom) separated by time of recording, country and parent
group.

3.2 Statistical analysis

Statistical analyses were conducted in R [20]. Linear
mixed models were run using Ime4 [22]. P-values
were obtained using Likelihood ratio tests comparing
models with and without factors in question. Post hoc
Tukey tests were calculated using Ismeans [23]. As
fixed effects we entered parent group, time and coun-
try, and speaker as random effect.

Since in [13] significant positive correlations between
femininity and SFF and AV'S were found for German
male participants at the first time point, here, we in-
vestigated this relationship for this time point in the
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Swedish participants. In contrast to the German data,
no significant correlations were found, either for
males or females.

Regarding femininity, a significant interaction of
group and country (¥*(4) = 19.46, p <.01) was found.
Post hoc tests reveal only the difference between the
German CF and Mo speakers to be significant (esti-
mate: 0.79, p < .001). The three-way interaction of
group, country and time fails to reach significance (p
=.09), which is probably due to the high intra-group
variation for each of the time points.

For SFF, the three-way interaction of group, time
and country is significant (}*(15) = 32.1, p <.01). Post
hoc Tukey tests reveal significant differences be-
tween time points for the German mothers only, with
decreasing values starting from time 1 (1 vs. 2,3,4 and
2 vs.3, p <.05). No significant differences in the fa-
ther groups and also in any of the Swedish speakers
are found. Comparing the countries, significant dif-
ferences between Swedish and German mothers ap-
pear at times 1 and 2, due to the decrease in SFF in
the German mothers at the later time points.

For AVS, a significant interaction of country and
group was found (¥*(2) = 6.2, p <.05) with significant
differences between Mo and both father groups in
both languages (p < .05), but higher estimates in the
German speakers than in the Swedish speakers (7.5
and 5.6 in German vs. 3.8 and 3.6. in Swedish). When
language groups are compared, significant differ-
ences were found for mothers (estimate: 5.02, p <
.001) and Fa males (estimate: 3.04, p < .05), but not
CFs. In addition, a significant main effect of record-
ing (¥*(3)=11.69, p <.01) was found, with a decrease
from time 1 to 4 (estimate: 0.75, p < .05) and from
time 3 to 4 (estimate: 0.8, p <.05). Even though group
specific variation over time appeared, e.g., with a
clearer decrease in German mothers compared to
Swedish mothers, the three-way interaction of group,
corpus and time failed to show significance (p = .10).

4. SUMMARY AND DISCUSSION

Although the countries analysed, Germany and Swe-
den, are similar in terms of political system, economy,
religion and gender equality, even here, a clear differ-
ence in self-ascribed femininity was found. In Swe-
den, which has been at the forefront of providing fi-
nancial support for both parents following childbirth
since the 1970s, females do not differ from males in
self-ascribed attributes such as emotional, empathetic
or helpful, and this is not due to higher femininity rat-
ings in males, but to lower scores in females. While
in Germany some men also rate themselves high on
these traditionally female attributes, in Sweden, a
lower score in terms of conservative femininity is the
accepted standard in females. The difference between
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the countries in the construction of gender is reflected
in phonetic variation. In both parameters, females re-
vealed lower values in the Swedish than in the Ger-
man participants, thereby leading to a less clear pho-
netic gender-specificity. In addition, the German fa-
ther group which showed heightened femininity rat-
ings (Fa) also showed acoustic characteristics more
towards the female values (in SFF and AVS), and
thus lies between those of females and CF males. In
the Swedish participants the Fa group shows lower
femininity and phonetically patterns with the CF
group or lies below them. Note though, that conclu-
sions drawn from the Swedish Fa group are limited
due to the small participant number.

Thus, results indicate that gender-specific varia-
tion in speech is influenced by a culturally affected
understanding of gender. In addition, while it has
been found that femininity is indexed and perceived
through fine phonetic detail in German [13], Swedish
speakers do not seem to signal femininity in these
phonetic cues. From that we have to ask whether the
sociopsychological score we have used does not
measure femininity in Sweden correctly or whether
Swedish speakers express their femininity in speech
through other parameters not measured here.

One rationale for the investigation over time were
previous findings showing that British English moth-
ers’ SFF decreased during the baby’s first year [16].
A potential reason suggested for this variation is the
hormonal change after pregnancy with a decrease in
estrogen, progesterone, and cortisol levels. The re-
sults of the German mothers corroborate this finding,
while the Swedish mothers do not exhibit a similar
decrease. Although we did not measure hormonal lev-
els, we suggest that these differences between Ger-
man and Swedish mothers do cast doubt on a mainly
hormone-based explanation of the phonetic changes.
In addition to the behavioural shifts in self-ascribed
femininity that we found, changes in physical and
mental fatigue within the baby’s first year might lead
to lower SFF [24-25] and potentially also hypoarticu-
lated vowels and a smaller AVS [26]. While we did
not ask for self-ratings of fatigue or depression, we
assessed the involvement in childcare and clear dif-
ferences between the genders in Germany and be-
tween the countries appeared: While in the German
group the main part of childcare is done by mothers
(irrespective of time and parental leave of the part-
ner), in the Swedish group the participation of both
parents (also working CFs) is much more balanced.

The effect of culture-specific gender role concepts
and intra-individual variation over time in self-rated
gender identity point to a complex interplay of situa-
tional changes in life (becoming a parent) and (cul-
ture-specific) socio-phonetic variables.



22. Sociophonetic Variation

5. ACKNOWLDEGMENTS

This work was supported by the German Research
Foundation (Deutsche Forschungsgemeinschatft,
DFG grant WE 5757). Many thanks to Fabienne
Neder, Heidi Springel, Franziska Rauch and Sandra
Schéder (Friedrich Schiller University Jena) for their
help in data acquisition and annotation in Germany
and Jasmin Ojbro and Christine Ericsdotter Nordgren
(University of Stockholm) for collaboration and data
acquisition in Sweden. We are very grateful to all par-
ticipating subjects.

6. REFERENCES

[1] Goldstein, U. (1980). An articulatory model for the vo-
cal tracts of growing children (PhD thesis). Massachu-
setts Institute of Technology.

[2] Titze, I. R. (1989). Physiologic and acoustic differences
between male and female voices. Journal of the Acous-
tical Society of America, 85, 1699-1707.

[3] Stevens, K. N. (1998). Acoustic phonetics. Cambridge,
MA: MIT Press

[4] Fitch, W. T., & Giedd, J. (1999). Morphology and de-
velopment of the human vocal tract: A study using
magnetic resonance imaging. Journal of the Acoustical
Society of America, 106(3), 1511 1522.

[5] Boe, L.-J., Contini, M., and Rakotofiringa, H. (1975).
Etude statistique de la frequence laryngienne (“Empir-
ical study on laryngeal frequency”), Phonetica, 32, 1-
23.

[6] Takefuta, Y., Jancosek, E. G. & Brunt, M. (1972). A
statistical analysis of melody curves in the intonation of
American English, Proceedings of the VIIth Interna-
tional Congress of Phonetic Sciences, Montreal, pp.
1035-1039

[7] van Bezooijen R. (1995). Sociocultural aspects of pitch
differences between Japanese and Dutch women. Lang
Speech. 38: 253 265.

[8] Mennen, I., Schaeffler, F. & Docherty, G. (2012) Cross-
language differences in fundamental frequency range:
A comparison of English and German. J Acoust Soc
Am. 131(3): 2249-2260.

[9] Simpson, A. & Weirich, M. (2020) Phonetic Correlates
of Sex, Gender and Sexual Orientation. In: Mark Ar-
onoff (Ed.) Oxford Research Encyclopedia of Linguis-
tics, Oxford University Press, New York.

[10] Munson, Benjamin, Elizabeth C. McDonald, Nancy L.
DeBoe, & Aubrey R. White (2006). The acoustic and
perceptual bases of judgments of women and men's
sexual orientation from read speech. Journal of Phonet-
ics 34, 202-240.

[11] Sulpizio, S., Fasoli, F., Maass, A., Paladino, M.P.,
Vespignani, F., Eyssel, F. & Bentler, D. (2015) The
sound of voice: Voice-based categorization of speak-
ers’ sexual orientation within and across languages.
PLOS ONE 10: e0128882. https://doi.org/10.1371/
journal.pone.0128882 PMID: 26132820

[12] Kachel, S., Simpson, A.P. & M.C. Steffens (2018). Do
I sound straight?: Acoustic correlates of actual and per-
ceived sexual orientation and masculinity/femininity in

3521

ID: 54

men’s speech. J Speech Lang Hear Res.; 61: 1560-
1578. https://doi.org/10.1044/2018 JSLHR-S-17-0125
PMID: 29955829

[13] Weirich M. & Simpson, A. (2018) Gender identity is
indexed and perceived in speech. PLoS ONE
13(12):e0209226. doi:10.1371/journal.pone.0209226

[14] Weirich, M., Simpson, A. P., Ojbro, J., & Ericsdotter
Nordgren, C. (2019) The phonetics of gender in Swe-
dish and German. In Proceedings of FONETIK (pp. 49—
53)

[15] Weirich M. & Simpson, A. (2019) Effects of Gender,
Parental Role, and Time on Infant- and Adult-Directed
Read and Spontaneous Speech. Journal of Speech, Lan-
guage and Hearing Research.62(12):1-14.

[16] Pisanski, K., Bhardwaj, K., & Reby, D. (2018).
Women’s voice pitch lowers after pregnancy. Evolu-
tion and Human Behavior, 39, 457-463.
https://doi.org/10.1016/j.evolhumbehav.2018.04.002

[17] Runge, T.E., Frey, D., Gollwitzer, P.E., Helmreich,
R.L. & Spence J.T. (1981). Masculine (instrumental)
and feminine (expressive) traits: A comparison be-
tween students in the United States and West Germany.
J Cross Cult Psychol. 12(2): 142-162.

[18] Boersma, P., Weenink, D. (2018). Praat: Doing pho-
netics by computer (Version 6.0.40) [Computer pro-
gram]. Retrieved from http://www.praat.org/

[19] Traunmiiller H. (1990). Analytical expressions for the
tonotopic sensory scale. The Journal of the Acoustical
Society of America, 88(1), 97-100.
doi:10.1121/1.399849

[20] McCloy DR (2016). phonR: tools for phoneticians
and phonologists. R package version 1.0-7.

[21] R Core Team (2016). R: A language and environment
for statistical computing [Computer software manual].
Vienna: R Statistics Foundation

[22] Bates D, Maechler M, Bolker B, Walker S. (2015) Fit-
ting Linear Mixed-Effects Models Using Ime4. J Stat
Softw., 67(1): 1-48.

[23] Lenth, R. V. (2016). Least-squares means: the R pack-
age Ismeans. J. Stat. Sofw. 69, 1-33.

[24] Cho, S.-W., Yin, C. S., Park, Y.-B., & Park, Y.-J.
(2011). Differences in self-rated, perceived, and acous-
tic voice qualities between high-and low-fatigue
groups. Journal of Voice, 25(5), 544-552.

[25] Whitmore, J., & Fisher, S. (1996). Speech during sus-
tained operations. Speech Communication, 20(1-2), 55-
70.

[26] Lindblom B. (1990). Explaining Phonetic Variation:
A Sketch of the H&H Theory. In: Hardcastle W.J.,
Marchal A. (eds) Speech Production and Speech Mod-
elling. NATO ASI Series (Series D: Behavioural and
Social Sciences), vol 55. Springer, Dordrecht


https://doi.org/10.1121/1.399849

