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ABSTRACT

We present results on phonetic register variation (i.e.
conventionalized and socially recurring linguistic
patterns of intra-individual speech behavior) in
contrasting situated interactions. In this paper, we
analyze intra-individual differences in local speech
rate. Data was elicited with a novel method where
participants talk to a video-taped interlocutor in a
simulated tele-conference. Each participant mastered
a “formal” situation (e.g. requesting a deadline
extension from a superior) and an “informal” one
(e.g. describing their favorite recipe to an
acquaintance). The silent interlocutor persona
appeared in two guises differing in hair style, clothing
and make-up. This set-up allows us to systematically
and consistently manipulate the experimental
condition while eliciting laboratory induced
differences in fine phonetic detail. We hypothesize
that formal situational requirements slow down
speech production due to processing and memory
load constraints. Statistical analyses for 45 German
participants show a slower speech rate in the formal
condition.

Keywords: Speech register, intra-speaker variation,
formality, speech rate, sociophonetics.

1. INTRODUCTION

This work is embedded in elucidating the various
levels of linguistic awareness that speakers have
when making contextual linguistic choices. Such
selections are being made because speakers do not act
uniformly, independent of context, situation or
interlocutor. Rather, speakers seem to adjust their
vocabulary and wording, forms of addressing and
most certainly also the fine phonetic detail of their
speech.

In fact, a social awareness of variation in speech
style depending, for example, on the addressee [1] or
referee [2] has been shown previously. Specific
studies on cross-situational variation of single
speakers showed that differences in fine phonetic
detail like the use of phonation type [3], creak [4] or
palatalization of fricatives [5] may serve to construct
differences in social meaning, group affiliation and
personas. Differences in speech style due to
situational (i.e. level of formality or in Labov’s sense
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“attention paid to speech” [6]) and functional (i.e.
request, narration) variation and perceived social rank
of interlocutor we here refer to as differences in
register [7, 8]. Previous studies found a slower speech
rate in polite and formal speech in contrast to informal
speech in German or Dutch [9, 10]. A slower speech
rate has also been associated with a higher cognitive
load [11, 12], though findings of effects in the
opposite direction, i.e. faster speech rates under
higher cognitive load, have also been reported [13].
In order to study if and how fine phonetic detail is
being altered based on the speech situation, the level
of formality and the interlocutor, we have devised an
experimental paradigm that tightly controls for these
three factors. The paradigm is novel in the sense that
it simulates a set-up that people have become quite
used to during the pandemic. Pre-recording the
addressee assured that all facettes of the set-up were
held constant: the movements, gaze and posture of the
interlocutor as well as their clothing, makeup and hair
style and the surrounding prompts (coffee cup, smart
phone). Thus, in our work, we set out to elicit
laboratory  induced intra-individual  stylistic
differences in fine phonetic detail, specifically, in
speech rate, with the interlocutor held constant. Our
hypothesis is that formal situational requirements
slow down speech production due to processing and
memory load constraints while casual and informal
conversations facilitate faster speaking rates.

2. METHOD
2.1. Stimuli

In a pre-study, the level of formality of the
interlocutor was rated by 26 participants on 15
personality attributes. Two stimulus videos were
produced based on these previous ratings of perceived
personality traits given different hair styles, clothing
and make-up of the depicted interlocutor. One video
was produced to be perceived as most formal and one
to be perceived as least formal. The silent interlocutor
persona thus appeared in two guises differing in hair
style, clothing and make-up in the formal and the
informal stimulus videos (cf. Figure 1). A third
neutral video was produced to serve as a
familiarization and test-trial during the experiments.
One female actor was recorded sitting at a desk and
changing slightly in head, arm and upper body
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position in a choreographed manner in these different
guises while apparently listening to her interlocutor
but not speaking.

Figure 1: The two personas chosen for portraying the
greatest (left) and the least (right) level of formality.

2.2. Task

The experimental setup was designed to simulate a
video-call. Participants were seated at a table in front
of a large screen which showed the stimulus video.
The duration of each stimulus video was roughly 2
minutes. Participants were informed of the duration
of each recording and asked to fill the entire recording
time if possible. To facilitate conversation, ideas for
things to mention were presented to each participant.
After the familiarization scenario, participants were
recorded in two conditions: a formal scenario and an
informal scenario. Three cover stories were prepared
for each of the two settings and each participant was
assigned one story for the formal and one story for the
informal setting.

The participants’ task was to talk to the pre-
recorded interlocutor in two situations: (a) in the
formal, “at-stake” situation, for example, they had to
request a deadline extension for a term paper or
negotiate a pay raise with a superior, and (b) in the
informal, “nothing-at-stake” situation, they had to
describe their favorite recipe or their favorite things
to do around town to a new neighbor or an
acquaintance. These situations were designed to
induce the largest possible contrast between the social
contexts in terms of formality. Each participant
interacted with the formal and the informal video in
randomized order.

2.3. Participants

A total of 45 participants were recorded: 15 speakers
were recruited in Bremen (9 female, 6 male) and 30
speakers in Berlin (16 female, 14 male, mean age: 24,
range: 19 to 35 years). All participants received
written information about the procedure and data
handling and gave their written consent prior to each
recording session. A compensation in accordance
with the German minimal-wage requirement was paid
for each participation. None of the participants
included in this analysis reported any known speech
impairments. They were all German speaking
residents of Bremen or Berlin (and surroundings).
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Data was recorded in two different environments:
the group of speakers from Bremen were recorded in
a home environment (due to contact restrictions
during the early phases of the pandemic, ‘“home
space”) and speakers from Berlin have been recorded
in a sound-attenuated laboratory setting (“lab space™).

2.4. Speech Material

All speech data was segmented and annotated with
WebMAUS [14] with the “German (DE)” language
model. All annotations were manually corrected in
Praat [15]. Syllables have been generated
automatically with the “emuR” R package [16].
Canonical transcriptions have been adopted from
MAUS with manual corrections according to [17],
where necessary.

We evaluated approx. 165 minutes of speech data
from the 45 speakers. Excluding pauses,
approximately, 117 minutes of total vocalization time
were analyzed. Figure 2 visualizes the amount of
speech data by speaker gender (female vs. male),
experimental condition (formal vs. informal) and
space (Berlin lab vs. Bremen home). On average,
male participants tend to speak less than female
participants. Also, both participant groups, tend to
speak more in the informal condition in comparison
to the formal condition.

LG
nlla-

female female male male
formal informal formal informal

©w
o

vocalization duration per task
[#)]
o

30

Figure 2: Speech material (only words excluding
pauses, i.e. total vocalization time) by speaker gender,
condition and recording environment.

The local speech rate was assessed for a total of
7,531 inter-pausal intervals as the number of syllables
per second (SPS), calculated as the number of
syllables divided by the total duration of the syllables
measured in seconds. In addition, we compute
“reduction” as the percentage of realized phonetic
segments from the total number of canonical
segments (based on the manually corrected canonical
transcriptions of each word segment). In other words,
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we compute reduction as the proportion of “realized”
sounds to “intended” phonological segments [cf. 18].

3. ANALYSIS AND RESULTS

We fit linear mixed-effects models (LMER) in R
using the “lme4” package [19] for the dependent
variables total vocalization duration (TVD), syllable
rate (expressed as syllables per second, SPS) and
reduction. Speaker gender (“female” vs. “male”),
space (“Bremen home” vs. “Berlin lab”) and
condition (“informal” vs. “formal”) are defined as
categorical fixed effects. We also include the session
duration for the modelling of total vocalization time
as a control variable. For easier interpretation, we
center the values for session duration, which sets the
reference level at the intercept of the model to the
mean duration of all sessions. We include speaker as
random effect. We apply forward selection in model
fitting by step-wise adding variables and all two- and
three-way interaction terms and comparing model fits
based on ANOVAs. We compute post hoc pairwise
comparisons using the “emmeans” package [20].

4.1 Total vocalization duration (TVD)

We first model total vocalization duration (7VD) in
order to identify differences between sub-groups
within our data set. We start with an intercept-only
null model including only random intercepts by
speaker. Adding condition improves the model fit
(¥*(1) = 6.474, p = 0.011). The variables gender or
space do not further improve the model fit. However,
adding the interaction term condition*space
improves the model (¥*(2) = 6.523, p = 0.038). We
also find that adding the centered session duration
(CSD) improves the model (¥*(1) = 53.763, p <
0.001). The best fitting model for the total
vocalization time is (in R notation):

TVD ~ CSD + condition*space + (l|speaker)

The intercept estimate is at 73.98 (SE = 3.54). This
corresponds to the base levels condition = “formal”,
space = “Berlin lab”, and CSD = 0, i.e. the mean
session duration. The term for session duration is
significant (est. 0.793, SE = 0.087, p < 0.001),
indicating as expected more vocalization in longer
session durations. Pairwise comparisons between
“formal” and “informal” by space show no significant
difference for the Berlin-lab group (p = 0.569) or the
Bremen-home group (p =0.881). Note though that the
estimate is larger for the lab speakers (est. 1.385, SE
= 2.59) than for the home speakers (est. 0.555, SE =
3.70). Comparisons between the “lab” and “home”
space settings by formality condition show a
significant difference between the Berlin-lab and the
Bremen-home participants in formal (p = 0.018) and
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informal (p = 0.023) conditions, indicating longer
vocalization durations in the home space independent
of condition. Figure 3 shows the data by condition
and space, and the effect plot of the interaction
between these variables.
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Figure 3: Vocalization duration in seconds by space and
condition (left) and the predicted model fit (right panel).

4.2 Local speech rate in SPS

We again start with an intercept-only model for the
local speech rate in SPS. Adding condition improves
the model fit (y*(1) = 6.149, p = 0.013). Adding
gender, space or any interaction term does not further
improve the model. The best fitting SPS model is
thus:

SPS ~ condition + (1|speaker)

The intercept for condition = “informal” is at 4.78 (SE
= 0.09). The condition term is statistically significant
(est. -0.137, SE = 0.055, p = 0.013), i.e. the model
predicts fewer SPS in the formal condition in
comparison to the informal condition. Figure 4 shows
the local speech rate in syllables per second (SPS) by
experimental condition and the model fit.

4.3. Reduction

We start building the reduction model with an
intercept-only model including only random
intercepts by speaker, as with the previous two
models. Adding gender (y*(1) = 4.824, p = 0.028),
space (x*(1)=20.035, p <0.001) and their interaction
gender*space (y*(1) =5.169, p = 0.023) improves the
model fit. Adding condition, however, does not
improve the model fit (y*(1) = 3.522, p = 0.061), nor
does any interaction with condition. The best
reduction model is thus:

reduction ~ gender*space + (I |speaker)

The intercept of the reduction model is at 11.83
(SE = 0.81), i.e. for gender = “female” and space =
“Berlin lab”. Pairwise comparisons between “male”
and “female” by space show a significant gender
difference in reduction for the “lab” participants (p =
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0.002), but not for the “home” participants (p =
0.684). A pairwise comparison of space by gender
shows significant differences between home and lab
in phonetic reduction for both female (p = 0.021) and
male speakers (p < 0.001), with overall more
reduction in the home space than in the lab space but
a larger difference for male (est. =7.99, SE = 1.60)
than for female speakers (est. —3.29, SE = 1.37).
Figure 5 shows the reduction by gender and space,
and the model fit.

4. CONCLUSIONS

We found that the vocalization duration not only
(trivially) depends on the duration of a session. There
was also a significant difference between the
vocalization duration in the lab and home space in the
informal and the formal experimental condition. The
participants in the home group (recorded in Bremen)
speak more than the participants in the lab group
(recorded in Berlin).

The local speech rate, measured in syllables per
second (SPS), differs significantly between informal
and formal speech with a slower speech rate in the
formal condition, independent of speaker gender or
space. This is in line with findings of a slower speech
rate in polite and formal speech in other studies [9,
10]. In comparison, fastest SPS-rates obtained from a
professional speaker were up to 10 SPS [21]. It also
supports the hypothesis that formal situational
requirements slow down speech production due to a
higher cognitive load while casual and informal
conversations facilitate faster speaking rates [11, 12].

For reduction, a significant interaction between
speaker gender and space was found, revealing more
reduction in the home than in the lab space for both
genders but with a larger difference for males. This
leads to a gender difference only in the lab condition
with females showing more reduction than males.
Several acoustic studies have found that male
speakers show more vowel reduction and elision,
shorter sentence and sound durations, and thus speak
faster than females [e.g. 22,23, 24,25 and 26, 27, 28].
In our study, females show more reduction than males
in the lab setting. One reasoning might be that
females are better in adjusting to the situation and
fulfilling the communicative tasks, elaborating on a
given topic, with only little time to prepare, reflecting
this in a more reduction.

All in all, our results point at the fact that
situational and functional phonetic variation is not
only dependent on the speech task, the speaker
(gender) and the addressee, but also on the physical
location at which conversations take place. It
therefore appears that the role of the specific location
and therefore mind-set that the speaker was made
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believe to be speaking in is a factor worth exploring
further. Anecdotal evidence already suggests that
there is an effect of place of conversation, as speaking
more tamed and quietly in a library or in an elevator
is culturally agreed upon in most western societies. In
further work we will therefore expand our exploration
of the effect of place on phonetic realization.

The reasons for the slower speaking rate in formal
situations remain to be analyzed in more detail but
potentially comprise processing and memory load
constraints connected with formal situational
requirements but also factors associated with speaker
perception and attributed personality styles such as
seriousness or integrity.
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Figure 4: Syllables per second by experimental condition
(left panel, omitting 13/3889 extreme data points, i.e.
outliers, with SPS > 10 from the plot for readability), and
the predicted model fit (right panel).
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Figure 5: Reduction by speaker gender and space (left,
omitting 11/3889 extreme data points from the plot with
reduction > 50, and 2 with reduction < —25 for readability),
and the predicted model fit (right).
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