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The paper reports a method to create a speaker’s prosodic fingerprint
based on the global characteristics of the pitch movement. Prosodic finger-
printis the distribution of fO in the low, middle, and high ranges and the dis-
tribution of pitch movements from one range into other [Simko et al. 2017].
This fully automated method can be used to classify the records and to pro-
vide the reference level for more sophisticated analysis of the pitch move-
ment and intonation strategies. We evaluate the method by applying it to the
spontaneous Russian spoken data recorded in different regions. We model
the correlation between the fingerprint and sociolinguistic features such
as age, gender, and region. The results of this analysis allow to formulate
several sociolinguistic hypotheses that can further be tested with a more
detailed analytic technique.
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B ctatbe ob6cyxpaeTcsa npuMeHeHMe MeToAa Co3AaHus npocoguye-
CKOro oTneyaTka roBOpsILLLEr0 Ha OCHOBE OOLLMX XapaKTePUCTUK OBUXE-
HUS OCHOBHOIrO TOHa. [pocoan4eckuini 0TNevyaTok—aTo pacnpeneneHe
fO B HMXHEM, CpeHEM U BEpPXHEM Amana3oHax WU pacnpeneneHve OBu-
>XEHW BbICOTbI TOHA U3 OAHOrO AMana3oHa B ApYron [Simko et al. 2017].
OTOT MOSHOCTLIO aBTOMATU3UPOBAHHbLIA METOA, MOXET WUCMONb30BaThCs
nonga knaccudbukaumm 3annucen B KOpnyce M noslydyeHus npeacrtaBneHus
0 GOHe, C KOTOPbIM OyAyT CPaBHMBATLCSA OaHHble NMpWU anbHenwem, 60-
fiee CNOKHOM aHanmae cTpaTternin UHTOHMPOBaHUSA. Mbl MPUMEHNN METOL,
K CMOHTaHHbIM PYCCKOSI3bI4HbIM [AaHHbIM, 3annCaHHbIM B Pa3HbIX Permno-
Hax. PaspaboTaHbl MOgeNn aHann3a 3aBMCMMOCTU MEXAY AaHHbIMU NPO-
COOMYECKOro oTneyarka u COLMONNHIBUCTUYECKMMN XapaKTepncTmkamu,
TakMMM Kak BO3pacT, NOJ U PernoH. Peaynesratel NpOBEeAEHHOO HAMU aHa-
nn3a AaHHbIX NO3BONAIOT CHOPMYNMpPoBaTb PSS, COLMONINHIBUCTUHECKNX
rmnoTes, KOTopble BNOCNEACTBUN MOTYT ObITb MPOBEPEHLI C UCMOJIb30BaA-
Huem bonee rnybokMx METO40B aHaNN3a.

Knioueebie cnoBa: npocoanyeckunii oTnevyaTok, NpoCoaMYeckuii nopTpeT
rOBOPSILLEro, ABUXEHME HaCTOTbl OCHOBHOIO TOHA, pycckasi Npocoans

1. Introduction

The notion of the speaker’s prosodic portrait [Kibrik 2009], [Kibrik, Fedorova
2018] is important as it assumes the existence of certain intrinsic, or neutral, proper-
ties of a particular speaker’s voice. [Kibrik and Fedorova 2018] includes in the repre-
sentation of the portrait features such as the fO range (minimal and maximal fO val-
ues), the standard level of the elementary discourse unit onsets, the level of fallings
in the final and non-final positions, and the level of rises (and fallings on post-accent
syllables) characteristic of the comma and “three dots” intonation. More detailed rep-
resentations may contain hundreds of features. [Honig et al. 2015] create fingerprints
of recordings rather than speakers and include as many as 167 features. However, all
such representations rely heavily on the manual (or partially automated) annotation
of the underlying linguistic and perceptive information.



A Simple Fingerprint Approach to Extracting the Global Prosodic Properties from Field Data

In this study, we propose a simple automated approach to creating primary speak-
er’s prosodic fingerprint based on the global characteristics of the pitch movement.
Prosodic fingerprint is the distribution of fO in the low, middle, and high ranges and the
distribution of pitch movements from one range into other [Simko et al. 2017]. Using
the pitch data extracted with the Praat software, we create fingerprints of 26 Russian
speakers from different regions of Russia. We then conduct a case study and illustrate
how this technique can be used to help formulate primary hypotheses regarding the
relations between pitch movement and the sociolinguistic features of speakers such
as age, gender, and region. This study is a part of a larger research project dealing with
the regional aspects of the Russian intonation previously, in which data from different
regions of Russia and ex-USSR are collected and documented.

Our study is complementary to the qualitative studies of Russian intonation that
suggest the classifications of intonation patterns and their functional interpretations
such as [Bryzgunova 1977], [Odé 1989], [Kodzasov & Krivnova 2001], [Korotaev &
Podlesskaya 2008], [Kodzasov 2009, Grammatchikova et al. 2014], [Vol’skaya 2014],
[Podlesskaya 2017], [Yanko 2017], [Korotaev 2018]. We use a quantitative approach,
which makes our study more in line with the studies of [Skrelin and Volskaya 2006,
2008], and those based on the corpus of One Speaker’s Day [Stepanova et al. 2008]
and CORUSS [Kachkovskaia et al. 2016]) that aim at modeling the speakers’ behav-
iour rather than propose overall generalizations. The study reported here is an at-
tempt to automatically investigate the structure of the field data in order to formulate
primary research hypotheses based on the observed phenomena.

Using the recordings made in four different regions of Russia (Krasnoyarsk,
Moscow, Nakhodka and Novosibirsk), we analyze the pitch movement in spontaneous
speech of the native speakers of regional Standard Russian. For each speaker, we re-
corded three samples of spontaneous speech: an interview, a dialogue and a retell
of the Pear movie [Chafe 1980]. With the help of linear mixed effect modelling, we ex-
plore the correlation between the shape of the fingerprints and the biological sex, age
and place of residence of the speakers.

The remainder of this paper is organized as follows. Section 2 discusses the ex-
perimental settings, and Section 3 addresses the data sampling. Section 4 presents
the method to collecting the fingerprints based on the distribution of the pitch values.
Section 5 reports the statistical analysis of the data, and in Section 6, a discussion
of the obtained results is provided.

2. Participants and Experimental Conditions

All participants are monolingual native speakers of Russian born in Krasnoyarsk,
Novosibirsk, Nakhodka, and Moscow. Krasnoyarsk and Novosibirsk represent Siberia,
Moscow—Standard Russian and Nakhodka—Far East (the city population of which
usually originates from different regions of the ex-USSR and is highly mixed). At the
moment of the recordings, all the participants lived in their home regions or have
recently moved to Moscow to study at the university (1st year students in the begin-
ning of the 1st semester). All regional participants were divided into two age groups:
from 25 to 40 years old vs. 45 years old and older. This division was made in order
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to balance the sample; in the analysis presented in this paper age was used as a nu-
meric and not as a categorical variable. In each age group, there were two male and
two female participants. The speakers from Moscow were represented by two females
from the lower age group.

Each recording has been taken from two participants. In all pairs, the interlocu-
tors knew each other relatively well (they were classmates, friends or relatives) and
belonged to the same age and social group.

The spontaneous dialogues were recorded in the “fieldtrip” conditions in a quiet
room using a recorder that supports WAV format with no compression. The record-
ings made in Moscow, including those with the regional respondents, were made with
a professional recorder and individual headset microphones for each speaker.

The experiment began with setting up the recording devices and instructing the
participants. This stage took from 5 to 10 minutes. During this time, the participants
could talk to each other freely and simultaneously get used to the recording equip-
ment and the experimental environment.

2.1. Tasks for the Participants

There were three types of tasks. In the first task, the participants had to tell
a small story about their life (e.g. parents and family, school, favorite teachers, home-
town, etc.). The second task was an experiment with a map based on [Usacheva
20171, in which two participants, the instructor and the follower, were given a map
of the Moscow Zoo printed on an A2 sheet and a set of objects (coins, pencils, dices,
etc.) to place on the map. The experimenter placed objects on the Zoo map in front
of the instructor and the instructor had to explain the positions of these objects to the
follower so that the follower could repeat it on his map. During the experiment, the
speakers communicated using mobile phones. The third part of the experiment im-
plied retelling the Pear Movie [Chafe 1980] that was presented to the participants
on the screen of the experimenter’s laptop.

3. Data Sampling and Annotation

Each speaker in the dataset was represented by 40 randomly selected utterances.
The utterances were extracted from each recording type using the following propor-
tion: 15 recordings from the interview, 15 recordings from the experiment, and ten
recordings from the pear story. The length of the recordings was not normalized. The
pitch values were extracted from each recording with a 10 ms step. The pitch values
were extracted with the standard functions of Praat. The pitch range (maximal and
minimal pitch values) was defined for each speaker separately.

The data have been annotated in Praat. The first tier contained the boundaries
of the speech units defined by pauses on the oscillogram. The parts of the record-
ings that contained sounds other than the participant’s speech (experimenters’ in-
structions, random noises) or were technically problematic to analyze (e.g. distortion
or low volume units) were marked on a separate tier. These parts of the recordings
were not used in the analysis.
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4. Constructing the fingerprints

The analysis of the data presented in this section partly adopts the approach intro-
duced in [Simko et al. 2017]. Smoothing and wavelet transformations were omitted in the
analysis. For each of the speakers, the pitch range was defined as the difference between
the minimal and the maximal pitch values in all 40 recordings, with the exclusion of 5%
of the observations: 2.5% with the minimal values and 2.5% with the maximal values
[Fig. 1]. This type of range narrowing lowers the probability of including octave jumps and
other artefacts into the analysis. Then, the pitch values were normalized by the z-score. The
remaining range (95% observations) was divided into three equal parts that were coded,
respectively, with —1 (Low), 0 (Medium) u 1 (High), which correspond to the commonly
used division of the pitch range into Low, Medium and High [Keijsper 2003], [Odé 1989].
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Fig. 1. Pitch sub-ranges in a recording sample

At the second step of annotation the transitions between the —1, 0 and 1 levels
were encoded. The data were annotated as follows: if the points N and N+1 (taken
with a 10 ms interval) are in the same pitch level, we interpret this as no-change
in pitch shape and code it as 0. If the points are in different sub-ranges, the transition
is coded as the difference between the levels: —2 (High to Low), —1 (Medium to Low,
High to Medium), +1 (Low to Medium, Medium to High) uau +2 (Low to High). This
annotation was designed in order to distinguish substantial pitch movements from its
minor fluctuations within a single sub-range.

The two types of the annotation were used to compose four datasets: the distri-
bution of observations by the sub-ranges, the transitions between the sub-ranges, and
the number of observations in each sub-range and the transitions of each type.

Each line of the dataset corresponded to one pitch value and contained the infor-
mation about the speaker’s name, their place of living, biological sex, age, text type,
sentence ID from 1 to 40, time on the recording the observation corresponds to, the
sub-range value —1, 0 or 1 (further called unigram) or the transition value —2, —1, 0,
1, 2 (further called delta). Upon this dataset, we created a new one, where each line
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corresponded to a sentence and the rows contained the meta information about the
text and the number of unigrams or deltas of each type in this sentence.

Due to the size of the datasets of the first type (the size of each dataset in the .csv
format was over 300 megabytes) and the limited resources of the personal computer
used for statistical modelling, the data of the first dataset were not used in the current
study. Nevertheless, we plan to use these data for statistical modelling using specifi-
cally designed systems with a better performance. The analysis presented in this pa-
per was conducted using only the second type of datasets.

5. Data Analysis

The preliminary analysis of the data was conducted using histograms of the uni-
grams and deltas values per speaker. Figure 2 illustrates the distribution of unigrams
per speaker, the histograms are colored by the region:
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Fig. 2. The Distribution of the z-scored Unigram Values by Place, Sex and Age
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The shape of the histograms in Figure 2 suggests that the difference between
male and female respondents may play a significant role in Novosibirsk and Kras-
noyarsk with women having a greater proportion of “0” unigrams, while in Nakhodka
this difference is less pronounced and both sexes are similar. The histograms also
indicate that the number of “1” unigrams may not be of much significance and the op-
position can be viewed as “—1” vs. “not —1” values.

Figure 3 illustrates the distribution of deltas by speaker. The bar for “0” deltas
is intentionally omitted since its relative size did not allow to observe the “1” and “—1”
in men and women (the range for this bar is roughly between 10,000 and 20,000).
The shape of the histograms suggests that the main difference between male and fe-
male respondents is in how often the “—1” and “1” deltas occur in their recordings.
Again, in Nakhodka this difference is less pronounced than in other regions. Apart
from three speakers, the number of —2 and 2 deltas is imperceptible and the main
opposition appears to exist between O vs. —1 and 1 deltas. The data can thus be coded
as “0” vs. “not 0” deltas indicating the presence and the absence of pitch movement.
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Fig. 3. The Distribution of the z-scored delta Values by Place, Sex and Age
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In the following analysis of the data we use linear mixed effect modeling to ex-
plore the effects of biological sex, age, place of origin and type of text (dialogue vs.
monologue) on the distribution of unigrams and deltas. We fitted the following mod-
els. The first model predicted the proportion of “—~1” to “not —1” unigrams on the ba-
sis of biological sex, age, place of origin of the speakers, the type of the text and the
speaker identity as a random effect Imer(X1Prop ~ Sex*Age + Place + TextType + (1 |
Speaker_ID)). The second model predicted the same value on the basis of sex, age and
the type of the text with the place of origin as a random effect Imer(X1Prop ~ Sex*Age
+ TextType + (1 | Place)). Then, we fitted two models with the same predictors for
the proportion of “0” deltas to the “not 0” deltas: Imer(XOProp ~ Sex*Age + Place +
TextType + (1 | Speaker_ID)) and Imer(XOProp ~ Sex*Age + TextType + (1 | Place)).

The predicted value in the first model was the proportion of “—1” unigrams to the
“not —1” values. The controlled variables were biological sex, age, place of origin and
type of text (dialogue vs. monologue) and the speaker ID as a random effect. The step-
wise regression model selection with backward elimination has shown that the only
significant variable are sex (p-value = 0.000244) and text type (p-value = 0.009803)
with random intercepts by speakers. The effect of the two variables is provided in Fig. 4.

Figure 4 shows that the proportion of “~1” unigrams is significantly lower in fe-
males than in males. Similarly, the same proportion to a smaller degree is observed
with respect to the text type. The factors of place and age turned out to be insignificant.
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Fig. 4. The effect of biological sex and text type on the
proportion of “=1” unigrams to “not —1” unigrams
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The second model was delta-based and predicted the proportion of “0” deltas
to the “not 0” deltas. The set of predictors was the same as in the first model. The
backward model selection has shown that the only significant predictors is biologi-
cal sex. Figure 5 illustrates that the amount of pitch movement in male participants
is significantly lower than that in female participants.

The unigram-based model we fitted next was similar to the one described above
with the only change being made to the random effect structure: instead of fitting
random intercepts for speakers, we used random intercepts for different places. The
backward stepwise regression model validation has shown that the significant predic-
tors are sex, age and text type with the age-related change in pitch use being signifi-
cant in both sexes.

Sex effect plot
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Fig. 5. The effects of biological sex and age on
the proportion of “0” and “not 0" deltas
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Similar changes were made to the delta-based model. The significant effects
turned out to be the same as in the unigram-based model. Figure 6 and Figure 7 il-
lustrate the effect of age with respect to biological sex. The effect of age is significant
in both genders and is more pronounced in women (the older female respondents use
less pitch movement than the younger ones). The models thus suggest that though
there is no global effect of age as suggested by the first two models, it does exist within
each city separately.
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Fig. 6. Effect of age by sex and text type on the proportion of “=1” unigrams
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Sex*Age effect plot
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Fig. 7. Effect of age by sex on the proportion of “0” deltas

Thelast pair of models that we have fitted predicted the proportion of —1 unigrams
and 0 deltas on the basis of the interaction between sex, age and place: [m(formula
= XOprop ~ Sex:Age:Place) and Im(formula = XIprop ~ Sex:Age:Place). The data for
Moscow were removed from the dataframe since they only correspond to one age

group and one biological sex.
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Both models suggest that there is an age-related change in men in all regions
(p-values < 0.01 in both models for all regions), while for women it is attested only
in Krasnoyarsk (for “0” deltas, p-value = 0.007) and in Novosibirsk (for “—1” uni-
grams, p-value = 0.002). Figure 8 and Figure 9 illustrate the effect of age and sex
on the proportion of —1 unigrams and 0 deltas.
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Fig. 8. Effect of age and sex by region on the proportion of “=1" unigrams

The last two models also allow to hypothesize that there is a major difference
between the Siberian cities and Nakhodka: while in Novosibirsk and Krasnoyarsk the
differences between speakers of different sexes are relatively clear, in Nakhodka men
and women appear to use pitch more similarly. Another possible interpretation of this
result may be that the biological sex in Nakhodka does play a role but our current an-
notation system does not track these differences.

12
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Place*Sex*Age effect plot
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Fig. 9. Effect of age and sex by region on the proportion of “0” deltas

6. Discussion

The results of the regression analysis can be interpreted as follows. First, the first
unigram-based regression model has shown that male and female speakers use the
available pitch range differently. While males mostly use the “Low” part of the range,
women use other parts of the range more often. Linguistically, this means that men
may use less pitch movement in their speech, which may be related to a more expres-
sive function of pitch in male speech (significant pitch changes are rare and therefore
more noticeable). The first delta-based model has shown that male speakers cross the
sub-range boundaries significantly less often than females, which supports the hy-
pothesis of the comparably lower pitch use in their speech.

Another possible explanation of these results is that men divide their pitch range
differently than women and our version of the tripartite division of the pitch range
is not sensitive enough to track the pitch changes. The pitch movement of males may
occur within a single sub-range (e.g. within “~1”) and the remaining part of the range
will be reserved for the rare utterances with an extreme degree of expression. There
are thus two possible scenarios: (a) males use pitch movement more rarely than fe-
males and (b) the pitch movement in males has a lower amplitude in males but it is not
necessarily less frequent. Both interpretations, however, suggest that there is a ma-
jor difference between male and female speech and only differ in the nature of these

13
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differences, which means that the use of the pitch range that can be tracked automat-
ically using a relatively simple technique. These results are interesting in the sense
that they contradict the findings reported in the previous studies [cf. Skrelin, Volskaya
2006, 2008], where no gender-related differences have been reported. The difference
between genders that is observed in our study may most likely be explained by the
different choice of measured parameters. While in the previous studies the models
measured and predicted the proportions of pitch curves of different types in different
speakers, we model the overall amount of pitch movement regardless of the particular
contours. The second reason may be that the previous studies did not consider regional
variation, which appears to have an impact on the prosodic portraits of male and fe-
male speakers. In our study, gender-related differences were observed in Novosibirsk
and Krasnoyarsk, while in Nakhodka they were not attested. This hypothesis, however,
requires additional testing with the use of a larger data sample from each region.

Interestingly, the models with place as a random effect suggest that there
is an age-related difference in male speakers with older speakers having a different
amount pitch movement. Thus, though the age-related differences are not seen glob-
ally, they exist within each city. From the linguistic point of view, this means that
older men use pitch differently from the younger ones but there is no such tendency
in women. It may also mean that the parts of the pitch range get re-organised with the
increase age and the available range starts to be used differently.

The regional difference between Nakhodka and other cities tracked by the last
two models allows to hypothesize the existence of an areal comparative concept,
namely of the difference between men and women in the intensity of the pitch use.
This means that different regions of Russia may differ with respect to whether men
intonate somehow differently than women or not. Another possible interpretation
of this result may be that the biological sex in Nakhodka plays a role but our current
annotation system does not track these differences. Both results, however, suggest
that the regions of Russia differ with respect to how men and women use pitch.

7. Conclusion

In this paper, we proposed a simple fully automated method of portraying
a speaker’s pitch usage. We created fingerprints of 26 speakers from different regions
of Russia and conducted statistical analysis of these data. The regression analysis has
shown that even though our representation of data is very simplistic, it may reveal
some significant correlations with the sociolinguistic features. The results of this
analysis allow one to formulate several sociolinguistic hypotheses that can further
be tested with a more detailed analytic technique and a larger data sample. The first
hypothesis regards the differences in the use of the available pitch range in male and
female speakers and the frequency of pitch change in the speakers of different bio-
logical sex. The second hypothesis is related to the age-related differences in the pitch
use in male speakers. Finally, the third hypothesis concerns differences in pitch use
between men and women across different regions.

14
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Supplementary Materials

Data used in the analysis and source code for the R scripts are available at:
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