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Abstract

This study is the first exploration of data collected with the
smartphone-app Plapper with which participants from
Germany recorded themselves reading several sentences
containing target sounds for future analyses of differences in
fine phonetic detail and then donated their speech for inclusion
to a large speech corpus. To this date, just short of 2.000
participants have contributed to this corpus. First analyses of
differences in fO on read speech from these German participants
reveals an effect of age on mean fO in females only and
additional effects of self-rated femininity/masculinity (higher
mean fO in male and female speakers with higher self-rated
femininity scores and vice versa). Also, there is an effect of
region with speakers in the north of Germany inexplicably
having lower mean f0 values than speakers from the other
regions. Results leave room for speculation on the social
meaning (what do speakers code and what do listeners interpret)
of differences in fO0.

Index Terms: big data, fundamental frequency, German,
gender, femininity, age, socio-phonetics, Plapper corpus

1. Introduction

Language is not simply a tool for communication; it is also
a vehicle for expressing social identities, affiliations, stances
and power dynamics. Sociolinguistics examines the
relationship between language and society, exploring how
social factors such as region (in the sense of current location as
opposed to birth place or place of socialization, which was also
collected), gender, age, sexuality, educational background or
ethnicity influence language use and variation. It investigates
how individuals adapt their linguistic behavior to project social
meaning and express and negotiate their identities within social
groups. The study of social meaning is of high societal
relevance: attitudes towards language, and towards individuals
on account of their language use, are prominent in public
discourse. Also, the study of social meaning strongly points
towards a gap in the German research landscape and in the
German language due to the long-standing tradition of studying
regional variation in the sound domain rather than social
variation. Investigating social meaning in fine phonetic detail
in data collected from self-recordings of participants eliminates
the observers’ paradox. Aside from this major advantage,
participants are not restricted to those living near our laboratory
but can be recruited from all over the country and from differing
social strata, therefore delivering a cross-sectional sample of
speakers and their speech. Descriptive analyses of such widely
varying data is the starting point for more deductive research
testing very specific hypotheses on social variation reflecting
identity negotiations.

In this study, we are looking at speakers’ fundamental
frequency (fo) as the phonetic parameter and investigate fo

variation in a diverse population sample on a wide range of
socio-demographic scales. In particular, we will be analyzing fo
variation as a function of speaker gender, self-ascribed
femininity/masculinity ratings (on a scale), sexual orientation
(on a scale), age and region.

Fo is affected by both physiological and social factors. For
example, many studies have investigated differences in fo
patterns between male and female speech and it is known that
differences in mean male and female fo are in part due to
average differences in length and mass of the vocal folds [1].
However, cross-linguistic differences in the size and nature of
gender-specific variation highlight the effect of cultural norms
and expectations [2,3, for an overview see 4].

Also, the age of a speaker affects fo: several studies have
found a decrease of mean fo with increasing age in adult women
[5-7], while results for adult males are less clear and studies
report no changes, an increase and a decrease with increasing
age [8-10]. Others point to a u-shaped change of mean fo with a
drop in males over the age of 20 to 50 and an increase in older
age [5-6]. The fo decrease in women and the fo increase in males
with older age have been attributed to hormonal changes which
affect vocal fold vibration [6, 11-12], while potential social
factors on variation in foacross the life span are far from clear
(but see 13 for the influence of becoming a parent on intra-
individual variation in fo and vowel acoustics).

More generally, mean fo has been found to correlate with
evolutionarily and socially relevant parameters such as
hormone levels, physiology, physical strength but also
perceptions of attractiveness, masculinity/femininity, and
dominance [14-18].

1.1 Big data studies on variation in fo

Two studies are particularly relevant to the present study
since they also investigate the factors gender and age on
variation in fo patterns and base their analysis on a large cross-
sectional population sample.

The very recent and comprehensive study including more
than 12.000 Icelanders (18-93 years, 56% females) [19] found
that voice pitch is influenced by genetics but also varies
between genders and across the life span in a systematic way.
Female median fo measured in a reading task decreased by 0.8
Hz per year up until around 60 years of age (from 223.3 Hz at
20 to 30 years to 197.4 Hz at the age of 60). Male median fowas
stable at 124.0 Hz up until around 60 years and increased by 0.6
Hz per year until reaching 136.5 Hz by the age of 90. Other
factors adding to the variation explained were physiological
traits for median fo (such as head mass, body fat percentage)
and cognitive measures (such as verbal fluency) and the
personality factor openness for variation in fo.

The second large study particularly relevant for the present
analysis is a study on German [20], the language also
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investigated here. It analyzes mean fo in more than 2.400
participants (40-79 years, 55% females), who were asked to
count from 21 to 30. Interestingly, the study found mean fo to
increase significantly with age for males but not for females.
The difference to the Icelandic study might be based on the
different age ranges investigated, with the German participants
being older than 40 years thereby missing the onset of the
decrease in mean fo in females. Mean fo was found to vary
between four speaking voice intensity levels, with the one
named “classroom voice” (third loudest) being most similar in
values to the Icelandic study (f: 198 Hz. m: 130 Hz). However,
mean fo measured in “conversational voice” (second loudest
and considered to have the expected “normal” intensity during
speaking) had surprisingly lower values for females than
previously described (f: 169 Hz, m: 112 Hz). Socioeconomic
status (SES) was found to be positively correlated with broader
speaking voice ranges. Potential reasons suggested by the
authors are that participants with higher SES may be more used
to speaking in front of audiences and have more self-esteem,
which helps to perform the requested task.

1.2. Gender

Both studies reported above look at the influence of gender as
a categorical and two-dimensional concept. However, the
traditional gender dichotomy is being called into question and
there is consent that being a woman, or a man reflects
sociocultural, learned, and biological factors [21]. However,
when it comes to linguistic research most studies still assume
that women and men are homogeneous groups — except for
research focusing on differences within women and men based
on sexual orientation of the speaker (e.g. [22-24]) or studies on
transgender individuals (persons whose gender identity does
not correspond with the sex assigned to them at birth, e.g. [25]).
However, studies on cis-gender individuals (persons whose
gender identity corresponds with the sex assigned to them at
birth) also find much within-group variation in self-ascribed
masculinity/femininity and gender role orientation [26-27].
Only recently, the inclusion of gender as a factor reflecting a
multifaceted and continuous spectrum has caught on in research
linking vocal cues with gender expression.

For example, [28] showed that heterosexual males index
self-ascribed femininity through mean foand vowel space sizes,
and listeners are able to reliably detect this information using
one-word stimuli. Similar results were obtained for females
with correlations between self-ascribed and perceived
femininity [29].

Cross-linguistic studies have shown that gender-specific
variation is affected by cultural norms and expectations
[2,13,29]. [13,29] found larger differences between genders in
fo and vowel space size in German speakers than in Swedish
speakers, due to lower values for Swedish females than for
German females, accompanied by lower self-ascribed
femininity ratings in Swedish females. Similar effects were
found within a country: [31] conducted a cross-regional study
on the effect of femininity on vowel acoustics comparing data
from western Germany (former BRD) and eastern Germany
(former GDR). These regions differ in gender role concepts due
to different historical and societal developments. While the
speakers in the east (with a more liberal gender role concept)
indexed femininity in their vowel productions, speakers in the
west (with especially males having more traditional gender role
concepts) did not.

1566

1.3. Aim of the present study

In this study we are analyzing data from a geo-spatially and
socially diverse population on a wide range of socio-
demographic scales. We analyze variation in fo considering the
factors speaker gender, self-ascribed femininity/masculinity (on
a scale), sexual orientation (on a scale), age and region.

2. Method

2.1.1. Smartphone app Plapper

We have developed the smart-device app Plapper to sample
the German-speaking population in Germany: Plapper runs on
Android and iOS and allows for people recording themselves in
their own natural habitat without having to come to the lab
thereby allowing data collection on a much greater scale outside
of laboratories and addressing the observer’s paradox. The
smart-device app we are using is modeled after earlier versions
of a similar app deployed in Switzerland [32], the UK [33-34]
and Luxembourg [35]. Recordings are in wav-format and have
a sampling frequency of 44.1 kHz. Data is continuously
downloaded, and audio recordings are semi-automatically
labeled using WebMaus [36] and specific segments are hand-
corrected. Previous work has shown that the audio quality is
suitable for analyses of spectral differences [32-35,37-39].
Participation is voluntary and completely anonymous, only
meta data is collected via a questionnaire to be answered on a
personal user profile upon opening the app.

Figure 1: Distribution of participants in Plapper
corpus by district (grey = zero).

2.1.2. Participants

This analysis is based on a data set consisting of 1.522 speakers
from all over Germany and varying in educational background,
profession, age, gender, and sexual orientation. Figure 1 shows
the density distribution of the participants by districts.

Participants were asked which gender they feel they belong
to (diverse, female, male, no answer) and rate their sexual
orientation on the so-called Kinsey scale [40] (from 1 =
exclusively heterosexual to 7 exclusively homosexual)
having also the opportunity to choose “no sexual contacts” or
“no answer”). For the statistical analysis, participants with no
sexual contacts (n = 38) and those identifying as diverse as their
gender (n = 8) were excluded due to their currently rather small
number compared to the other groups.



In addition, participants rated themselves on how
masculine/feminine they feel on a masculinity-femininity
spectrum (one-dimensional from 1 very masculine to 7 very
feminine), also having the opportunity to choose “no answer”.

Also, the users’ present location (via the phone’s
geolocation information) and the birth year of the participants
was collected. For the statistical analysis participants were
grouped into three age groups reflecting important stages in the
life cycle: younger (16-35), middle aged (36-55) and older (56-
90). Table 1 gives an overview of the participants’ average age,
gender- and sexuality ratings (with standard deviation).

Table 1: Summary statistics of participants.

F M D
(n=932) (n=590) (n=8)
age 484 (14.6) 525(15.6) 38.0(19.5)
mf-spectrum 6.2 (0.93) 1.8(0.9) 4.0 (0.93)
Kinsey-scale 1.6 (1.17) 1.6 (1.57) 2.6 (2.72)

2.1.3. Speech material

The data consists of self-recorded read speech via the
smartphone app Plapper. Participants were asked to read a list
of seven sentences, thereby resulting in a number of 9.441 (f:
5917, m: 3524) individual recordings and 1.522 speakers (f:
932, m: 590) included in the analysis.

2.1.4. Acoustic analysis

A custom Praat [41] (version 6.2) script was used to extract fo
data from all audio recordings. An analysis was performed for
each input file using the function “Sound: To Pitch (ac)...” with
default parameters, except for “Very accurate” which was set to
“on”. From this analysis, the fundamental frequency in Hertz
(“pitch”) was extracted at each analysis frame (with a default
time step of 0.01 seconds). The mean fo was then computed in
R [42] for each recording (i.e. each read sentence), separately,
ignoring missing values. To capture the variation in fo, the inter-
quantile range (IQR) between the 5%-percentile and the 95%-
percentile was computed in R for each recording with the
“quantile” function (using the default “Type 7” algorithm).

2.1.5. Statistical analysis

Linear mixed models were run in the R environment [42]. Test
variables were added successively to the model. For ease of
interpretation, categorical variables were treatment coded and
the reference levels of the variables are given. P-values were
estimated using model comparisons, i.e., by comparing models
with and without the respective variables or interactions in
question using likelihood ratio tests provided by the anova
function (package Ime4) [43]). For post hoc comparisons, the
package emmeans was used [44]. Graphical explorations were
done using ggplot2 [45] and ggeffects [46].

As fixed factors we added age group (with the levels: 16-
35, 36-55 and 56-90), gender (m, f), gender spectrum (ranging
from 1 = very masculine to 7 = very feminine), sexual
orientation (on a Kinsey scale from 1= exclusively heterosexual
to 7 = exclusively gay/lesbian) and three factors representing
the location of the speaker during recording: LAT (based on the
latitude of the users’ location with the levels north, mid and
south), LON (based on the longitude of a users’ location with

the levels west, mid, east) and historical region (based on the
federal state of the users’ current location having the levels old
(former west German BRD), new (former east German GDR)
and Berlin (as a divided city after the second world war).
Participant and sentence were added as random intercepts.

3. Results

3.1. Mean fo

The final model which explains the data best regarding mean fo
includes the interaction of gender*age.group (x3(2) = 48.8, p <
.001), and the fixed factors gender spectrum (32(1) = 6.29, p <
.05, and LAT (33(2) = 6.53, p <. 05) and Table 2 shows the
summary statistics of the model. Post hoc tests reveal a
significant decrease in mean fo in females only, with significant
differences between the youngest and the middle aged group
(Estimate: 15.31, p < .0001) and the youngest and the oldest
group (Estimate: 17.62, p <.0001) but interestingly not between
the middle aged and oldest group (Estimate 2.3, n.s.) pointing
to a decrease of mean fo starting quite early in age (see also
Figure 1).

Table 2: Summary statistics of mean fo model (Number of
obs: 9.441, groups: 1D, 1.522; task_id, 7)

Fixed effects  Estimate Std. df t- Pr(>|t|)
Error value
Intercept 199.8 41 1241 49.23 <.001
genderM -717.1 34 1524 -22.4 <.001
age.group -15.3 18 1511 -8.48 <.001
(36-55)
age.group -17.6 19 1507 -9.42 <.001
(56-90)
mf.spectrum 15 0.6 1512 26 <.05
LAT.mid 0.7 13 1509 0.5 0.6
LAT.north -2.7 13 1503 2.1 <.05
Gender:age 19.6 31 1549 6.4 <.001
group (36-55)
Gender:age 19.7 2.9 1535 6.6 <.001

group (56-90)
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In addition, the effect of gender spectrum shows a link between
self-rated masculinity/femininity scores and mean fo: higher
femininity is linked with higher mean foand higher masculinity
with lower mean fo - independent of gender (see Figure 3).
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Figure 2: Mean foas a function of gender & age.
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Figure 3: Mean fo as a function of gender spectrum.

Finally, while the historical region (former BRD vs. GDR) did
not result in a significant effect (also not in an interaction with
gender spectrum), LAT did: Post hoc comparisons show that
speakers in the north have a lower mean fo than speakers in the
mid of Germany (Estimate: -3.4, p <.05) independent of gender
and age group) while the difference between north and south
Germany fails to reach significance (Estimate: -2.7, p = .09).

3.2. Variation in fo

For IQR we ended up with the final model including the
interaction of gender*age group (33(4) = 16.5, p <.01) while all
other factors did not lead to a better fit of the model. Post hoc
comparisons show a significant difference between the
youngest and the oldest age group, however with different
directions between the genders: for females the IQR decreases
with age (Estimate: -10.90, p < .05), for males it increases
(Estimate: 17.37, p <.01).
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Figure 4: Variation in fo as function of gender & age

4.

We have been able to show that overall speaker gender as a non-
binary variable affects mean fo in read speech [cf. 28]. Also, we
have been able to show that fo lowering can be observed in
younger age groups, long before hormonal changes related to
menopause are supposed to have this effect on voice [cf. 19].
Males on the other hand are unaffected, mean fo remains stable
across different age groups. Our results strongly suggest
cultural mechanisms at work. With regard to variation in fo, also

Discussion
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gender specific changes across the life cycle have been detected
with females showing smaller and males larger IQR with
increased age. These patterns have not yet been reported in
earlier studies [19-20]. In order to fully understand the factors
playing out here, we will conduct more in-depth analyses of the
data and meta-data in the corpus.

Although we also found an effect of region with speakers
in the north of Germany having lower mean fO values than
speakers from the other regions, we need to be careful with
interpreting this result. While the factor “region” reflects the
current location of participants, it is not necessarily their origin.
We also collected participants’ origin and location(s) where
they were socialized. Further analyses will include ‘place of
origin’ and ‘places of socialization’, leading us to a better
understanding of the regional variation in mean f0.

The Plapper corpus [37-39] is growing steadily as more
people participate in this crowd-sourcing effort. It is our firm
belief that not only the number of speakers will significantly
increase - potentially evening out to some degree the disparity
in numbers between men and women. More importantly
though, we are aiming at gaining greater regional coverage. As
the map in Fig.1 shows, currently there are still districts from
where we have no samples at all or where we are undersampled.
Some of these areas may be very rural with a rather low overall
population density, yet, still, it is our aim also to reach out to
people in these places as one of our future goals is to do more
small-scale analyses of speech patterns in remote places,
comparing data from small towns, rural areas but also larger
urban centers. The comparison of speech from different age
groups allows for apparent time analyses, which can tell us
much about differences in trajectories of sound changes which
are just starting or which are already in progress.

A shortcoming of the corpus in its current state is that many
participants have higher level academic degrees. Here, too, we
will attempt to reach out more effectively to people with less
formal education or from vocational professions as we are
aiming for a cross-section of society. Therefore, at this point we
cannot compare the effect of the level of formal education and
how that affects speech and ultimately the implementation of
fine phonetic detail. Moreover, Germany is rather unevenly
populated. We plan to conduct more small-scale analyses
comparing speech patterns of participants in different smaller
cities or rural areas or with varying work-force compositions.
In addition to read speech, we are currently also collecting
spontaneous speech allowing for the analyses of speech
directed towards a more formal (police) and a less formal
(friend) addressee. The recording methodology allows for
studying functional variation and differences in speech register.

Also, we envision analyses of data from within larger cities
(i.e. more upscale vs. more blue collar areas or areas with more
multi-lingual composition) and compare these across different
urban regions. The assumption is that speakers in cities may be
more progressive and diverse than speakers from less inhabited
remote places. The Plapper corpus bears great potential filling
the data gap that speech science undoubtedly must
acknowledge: most of our models and theories are based on
experimental data collected from rather homogenous and
smaller speaker groups living near our laboratories and being
accessible to us. With the onset of portable and distributed
technological devices, this is bound to change now rapidly.
More varied data becomes available now more rapidly allowing
for more in depth analyses of differences between age groups,
genders, social and geographical landscapes, speech tasks,



levels of formalities etc. allowing to uncover the social
mechanisms and factors contributing to differences in fine
phonetic detail.
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