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Abstract

In dialogues, intra-speaker variability is often explained by the
relationship between interlocutors. A person may speak differ-
ently with a friend and a stranger or depending on the interlocu-
tor’s gender or age—in all these cases we expect speech entrain-
ment, but the degree of entrainment may vary. In this research,
we measured lexical entrainment in a series of dialogues, where
each one of 20 “core” speakers talked to five different interlocu-
tors: a sibling, a close friend, an unfamiliar person of the same
gender and similar age, an unfamiliar person of the other gender
and similar age, and an unfamiliar person of the same gender,
greater age and higher job position. We hypothesized that the
degree of speech entrainment systematically varies according
to the type of interlocutor, across all the “core” speakers. The
following measures of entrainment were used: parts of speech
statistics, verb forms statistics, language style matching, and
lexical density. Our data have shown that a person speaks very
similarly to his/her sibling; dialogues with a friend or a same-
gender stranger of similar age show fewer similarities; the least
“common language” is observed in dialogues with a stranger
of the opposite gender and with a stranger of greater age and
higher job position.
Index Terms: speech entrainment, intra-speaker variability,
lexical entrainment, lexical density, language style matching

1. Introduction
In recent years a lot of research has been published on the ques-
tion of how speakers change their voices depending on who
they are talking to [1, 2, 3, 4, 5]. The phenomenon of such
attuning is termed “speech entrainment” (as well as “accommo-
dation”, “alignment”, etc.). It has been shown that the degree
of speech entrainment may depend on a number of situational,
social, and individual factors. In task-oriented dialogues, task
success is correlated with the degree of entrainment: the more
speakers entrain, the better they perform the given task [6]. It
has been pointed out that speakers’ conversational roles (infor-
mation giver vs. information receiver) should not be ignored
within the analysis [1, 7, 8, 4]. Among the social factors, gender
and social distance (familiarity, social hierarchy) are reported
to play a role [1, 7, 4]. There are also individual features that
affect the degree of entrainment, such as “phonetic talent”, at-
tention and others [9]. Speech entrainment is manifested at all
levels of linguistic analysis: syntactic [10], lexical [11], and
phonetic [2]. This paper deals with lexical entrainment. But,
along with lexemes, we are also analysing word forms—which
makes this research related to syntax and pragmatics as well.

A number of studies deal with the choice between syn-
onyms. They all show that interlocutors tend to use the same
lexical item within the possible ones. In [12] the authors claim
that the variability of lexical choice for a particular object is
rather high between two different dialogues, but significantly
lower within the same dialogue. That is, when two people talk

about the same objects for some time, they develop a com-
mon set of terms to describe them. At the same time, the de-
gree of lexical entrainment may vary from dialogue to dialogue.
In [13], where the measure of entrainment is based on the rela-
tive frequency of the most frequent words in the interlocutors’
speech, the authors found significant correlations between lex-
ical entrainment and two factors: perceived naturalness of the
dialogue and task success.

One can also trace speech entrainment within the syntac-
tic level of analysis. In a controlled experiment, [14] showed
that the syntactic structure of the interlocutor’s speech system-
atically varies depending on the syntactic structure of the other
interlocutor’s speech. Another controlled experiment confirm-
ing the idea of syntactic priming is given in [15]. They showed
that a complex noun phrase with a relative clause (e.g., “the
square that’s red”) is used more often after one hears a syntac-
tically similar noun phrase (rather than after hearing a simple
noun phrase).

Various measures have been used to estimate the degree of
lexical and syntactic entrainment. Since the mechanisms under-
lying speech entrainment are probably related to priming, one
of the approaches to measure lexical and syntactic entrainment
consists in calculating the probability of word repetitions within
an N-word window (the first word being considered the poten-
tial prime) [16]. Similarly, one can count repetitions of syntactic
rules [10]. A numeric measure of lexical similarity between the
interlocutors’ speech, called language style matching (LSM),
was used in [11]. In this study, based on recordings of dialogues
during speed dating, the authors showed that LSM values sig-
nificantly predicted relationship initiation. That is, this measure
seems to reflect mutual likability within the dialogue. LSM was
also successfully used in [17], where the authors analysed writ-
ten conversations (chatting) in English in terms of a number
of linguistic, social, and cognitive categories. Among the lin-
guistic factors were the percentage of prepositions, past tense
verbs, present-tense verbs, negations, articles, and others. In-
terestingly, here the authors used a different way of calculating
LSM: on a turn-by-turn level. That is, the values for each of
the odd turns were compared with the respective values for the
adjacent even turns by means of correlation analysis; thus, this
variant of LSM is a measure of synchrony within the dialogue.

The phenomenon of speech entrainment is closely related
to the problem of intra-speaker (within-speaker) variability. In
this paper, we addressed the question of how one’s speech can
change in a set of dialogues with different conversational part-
ners. We assume that in these dialogues the social distance be-
tween the interlocutors gradually grows. As a result, the mate-
rial was analysed from two perspectives—both speech entrain-
ment and intra-speaker variability—by applying the methods
traditionally used in speech entrainment research.
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2. Material
The experiments described in this paper were conducted using
the SibLing Corpus of Russian Dialogue Speech [18]. The cor-
pus contains studio recordings of task-oriented dialogues be-
tween Russian native speakers. Subjects completed two col-
laborative tasks—a card matching game and a map task. The
card matching game was based on searching for similarities in
two decks of cards. The interlocutors described their pictures to
each other in order to find matching elements on them (comple-
tion time—10 to 15 min). In the map task, the speakers were
asked to guide each other through a set of schematic maps (com-
pletion time—15 to 60 min). During the recording, the subjects
were separated by a non-transparent screen.

The corpus is made up of 90 dialogues produced by 10 pairs
of same-gender siblings of similar age, 24–40 y.o.: 5 male pairs
and 5 female pairs; four of the sibling pairs are monozygotic
twins. These were the core speakers of the corpus. Each sibling
participated in 5 dialogues: (1) with the other sibling, (2) a close
friend of the same gender and similar age, (3) a stranger of the
same gender and similar age, (4) a stranger of the other gender
and similar age, (5) a stranger of the same gender but of greater
age and higher job position.

For this research, we used all dialogues produced by 10
pairs of siblings. The total number of running words is 267,280.
The mean number of running words for the card-matching task
is 758 (STD = 339), the mean number of running words for the
map task is 1914 (STD = 1147).

3. Method
3.1. Data preprocessing

In the following steps of the analysis, the two collaborative
tasks—card matching game and map task—were treated sep-
arately, due to the fact that the map task has clearly pre-defined
roles (information giver vs. information receiver), while the
card matching game is freer in this sense and is sometimes
very close to the free conversation. This difference might lead
to different entrainment results as speakers’ roles influence the
speech of the players [1]. There is also evidence that map task
and spontaneous speech differ in between-speaker priming [10].

Orthographic transcriptions were processed by means of
pymorphy2, a morphological analyzer for Python [19]. The tool
was applied for word lemmatization and extraction of morpho-
logical and part-of-speech tags.

3.2. Features

3.2.1. POS-dependent bag-of-words

The choice of words for the designation of objects, actions, and
characteristics can serve as evidence of successful communi-
cation. Thus, we decided to use the relative frequency of lex-
emes to measure speech entrainment. We divided lexemes into
three groups: designating objects – nouns (N); designating char-
acteristics – adjectives, participles, and adverbs (A); designat-
ing actions – verbs and adverbial participles (V). We calculated
POS-dependent bag-of-words embeddings through the follow-
ing steps: (1) the full set of lexemes encountered in all tran-
scriptions for the given task was compiled, and (2) for each in-
terlocutor, the embedding was constructed of the values corre-
sponding to the number of times he/she pronounced each word
in the given dialogue. As the dialogues differed in duration, all
the values were normalized by the total number of word tokens
pronounced by the speaker in the given dialogue.

3.2.2. Verb forms

Russian is a language with complex verb morphology that
includes grammatical categories of person, gender, number,
mood, etc. Hence, verb forms might also be used to estimate
speech entrainment. It is particularly important that verb mor-
phological categories may be used to express various degrees
of politeness and social attitudes, especially person, number,
mood—e.g., the second-person plural form is usually used in
conversations with unfamiliar or elder people.

For each speaker in each dialogue, we composed a feature
embedding ‘V.morph’ representing the speaker’s use of verbs in
the dialogue, composed of:

• the total number of verbs and adverbial participles;

• the number of non-finite verb forms;

• the number of finite verb forms;

• the number of adverbial participles;

• the number of imperatives;

• the number of second-person singular verbs;

• the number of second-person plural verbs;

• the number of first-person plural verbs (they are some-
times used as an indirect replacement of imperatives, e.g.
“Èä¼ì!” (“Let’s go!”));

• the number of first-person singular verbs;

• the number of forms “äàâàé, äàâàéòå” (“let us [do
something]”).

Each value was additionally normalized by the total number of
word tokens pronounced by the speaker in the given dialogue.

3.2.3. Language style matching

Language style matching (LSM) score was calculated using the
method suggested in [11]. We used the following list of function
word categories: pronouns, conjunctions, prepositions, nega-
tions, particles, interjections.

For each speaker, we calculated the percentage of words
within each category. Then, the LSM score for two speakers
was calculated using the following formula:

LSM =
1

N

N∑
i=0

|wordscati1 − wordscati2 |
wordscati1 + wordscati2 + 0.0001

(1)

In this formula, N is the total number of categories,
wordscati1 is the percentage of words of the current category
used by the first speaker, wordscati2 is the percentage of words
of the current category used by the second speaker. A higher
value represents a greater distance between the speakers.

3.2.4. Lexical density

In applying the feature called lexical density we followed the
paper [20]. This feature was used to estimate lexical richness of
the speaker using the following formula:

LD =
lexemesn
tokensn

(2)

where lexemesn is the number of unique words pro-
nounced by the speaker, and tokensn is the total number of
word tokens pronounced by the speaker.

1958



Table 1: Number of speakers (out of 20) with significant Pear-
son’s correlation (p < 0.05) between lexical features and the as-
sumed social distance between the interlocutors, in card match-
ing game (before slash) and map task (after slash), using 3 dis-
tance measures. Empty cells stand for 0/0, minuses—for 0.

N Adj V V.morph LSM LD
D1 2 / – 4 / 7 5 / 4 5 / –
D2 1 / 7 2 / 3 2 / 4 3 / 1 2 / 1
D3 1 / 2 – / 1 – / 1 – / 2 2 / – 1 / 1
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Figure 1: Boxplots for lexical distance between speakers using
D2 measure calculated for verb morphological tags in map task.

3.3. Feature analysis

The analysis was based on comparing pairs of speakers in terms
of the lexical features described above. Manhattan distance was
used as the metric of the distance between feature embeddings.
For lexical density and LSM, distances were calculated as ab-
solute differences between the two values.

There are several ways to estimate intra-speaker variability
and speech entrainment—depending on which speech record-
ings to compare. Below we describe three measures of distance
between the interlocutors: D1, D2, and D3.

D1 (intra-speaker variability) reflects how a person’s speech
differs across all the dialogues where he/she participated. D1 is
calculated as distances between the core speaker in the sibling-
sibling dialogue and the same speaker (himself/herself) in all
the other dialogues. This results in 4 values. We hypothesize
that given a speaker, their manner of communication with var-
ious interlocutors would change. That is, the more numerous
the extralinguistic differences between speakers (degree of fa-
miliarity, same vs. different gender, age, etc.), the more the
speaker is supposed to change their speech due to entrainment.

D2 (speaker difference) is aimed to show the degree of dif-
ference between the speaker and his/her interlocutors. Here we
intentionally disregard the changes in the speech of the core
speaker and only analyse the variability in the 5 interlocutor’s
speech. It is calculated as distances between the core speaker in
the sibling-sibling dialogue and his/her interlocutors in all the
other dialogues (5 values in total). As in the previous case, we
hypothesize that the distance should grow along with the social
distance between the speakers.

D3 (interlocutor difference) is aimed to show the degree
of mutual entrainment between interlocutors. It is calculated

Table 2: ANOVA results representing the influence of the inter-
locutor factor on lexical entrainment, in card matching game
(before slash) and map task (after slash), using 3 distance mea-
sures. Single asterisks correspond to p < 0.05, double—to
p < 0.01; empty cells and minuses stand for no significance.

N Adj V V.morph LSM LD
D1 ** / * * / * – / ** – / ** – / **
D2 ** / ** ** / ** – / ** – / ** ** / ** * / **
D3 ** / – – / ** – / * – / * – / **

as distances between the core speaker in each dialogue and
their interlocutors in the corresponding dialogues. In this case,
we measure the degree of morpho-lexical “closeness” between
speakers in the same dialogue. As opposed to the previous sets
of distances, we do not expect to observe a gradual growth of
distance values here, as the core speaker might show strong en-
trainment to the interlocutor despite the social distance (or even
due to social distance).

3.4. Statistical analysis

We tested the hypothesis that the distance between the speaker
and their interlocutors is growing from the first dialogue (with
the sibling) to the last (with the person of greater age). For ev-
ery distance measure, Pearson’s correlation was used to test the
presence of a rising trend in the line of distance values. How-
ever, since the first hypothesis could turn out to be too strong,
we ran one-factor repeated-measures ANOVAs to check if there
are significant differences at all between groups of distance val-
ues for different types of dialogues. Post-hoc paired Student’s
t-tests were run for those ANOVA test settings that were found
to have a significant difference between the groups.

4. Results and discussion
Correlation analysis does not show significance in the major-
ity of cases: the maximum number of dialogues with signifi-
cant correlations is only 7 (out of 20) (Table 1). Obviously, our
assumed order of social distance—from sibling to a stranger
of greater age (termed “boss”)—does not correlate with lexical
distance in the way we expected. However, the distances may
still show a systematic pattern in terms of the relationship be-
tween the interlocutors.

Indeed, ANOVA confirms the latter statement: most cells in
Table 2 show significant differences, with the most filled cells
for D2 distance measure. Post-hoc t-tests (Table 3) enable us to
see which pairs of speakers are the source of this difference.

Sibling-sibling dialogues stand much apart from the other
ones. All lexical features show significant differences in map
task (with negative differences of the means — see Table 3,
measures D2 and D3). That is, our data confirm that siblings
speak in a similar way. The high significance of the differ-
ence between sibling-sibling dialogues and dialogues with other
speakers might indicate that siblings have a “pre-defined” com-
mon language.

The core speaker’s language is more similar to that of a
friend or a same-gender stranger of similar age (“stranger1”)
compared with that of other strangers (“stranger2” and “boss”).
Statistically significant differences are observed for nouns and
verb morphology (see Table 3, measure D1). At the same time,
the highest lexical diversity (LD) is observed in conversations
with a close friend. That is, friends may also have a special
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Table 3: Statistically significant differences between dialogues with different interlocutors measured as paired t-tests across different
features and 3 distance measures, in card matching games (before slash) and map task (after slash). Symbols < and > reflect the
difference of the group means (smaller vs. greater). Single symbols correspond to p < 0.05, double—to p < 0.01; empty cells and
minuses stand for no significance.

Measure 1st group 2nd group N A V V. morph LSM LD

D1

friend stranger1 > / > – / ≫
friend stranger2 – / < – / ≫
friend boss < / – – / ≪ – / ≫
stranger1 stranger2 – / <
stranger1 boss ≪ / ≪ < / ≪ – / ≪
stranger2 boss < / –

D2

sibling friend ≪ / ≪ ≪ / ≪ – / ≪ – / ≪ – / ≪ < / ≪
sibling stranger1 ≪ / ≪ ≪ / ≪ – / ≪ – / ≪ ≪ / ≪ ≪ / ≪
sibling stranger2 ≪ / ≪ ≪ / ≪ – / ≪ – / ≪ ≪ / ≪ < / ≪
sibling boss ≪ / ≪ ≪ / ≪ – / ≪ – / ≪ ≪ / ≪ ≪ / <
friend stranger1 > / –
friend stranger2 > / >
friend boss – / < – / ≪ – / ≪ ≪ / –
stranger1 stranger2 – / ≪
stranger1 boss – / < – / ≪ – / ≪
stranger2 boss – / < < / –

D3

sibling friend ≪ / – – / ≪ – / ≪ – / ≪
sibling stranger1 < / – – / ≪ – / < – / ≪
sibling stranger2 – / ≪ – / < – / ≪ – / ≪
sibling boss < / – – / ≪ – / ≪ – / ≪ – / ≪
stranger1 boss – / <

common language that is richer in vocabulary.
Another conclusion that can be inferred from Table 3 con-

cerns dialogues with a close friend compared with dialogues
with a stranger of the same gender and similar age (termed
“stranger1”). Two out of three distance measures show that
the core speaker is closer to a stranger than to a friend; this
difference is significant for nouns and lexical density. This is
probably why the correlation analysis showed so few signifi-
cant cases: our assumed order of interlocutors in terms of social
distance is actually different.

Another result that can be seen from Table 3 concerns the
difference between dialogues with a stranger of the opposite
gender and similar age (“stranger2”) and with a stranger of
greater age and higher job position (“boss”). Very few lexi-
cal features show a statistically significant difference between
these two dialogues; if we compare other dialogues with these
two, we can also see that these two dialogues show a very sim-
ilar pattern. That is, roughly speaking, the core speaker is as
close to “stranger2” as he is to the “boss”.

The actual order of social distances—from smaller to
greater—can be demonstrated by Figure 1 which shows box-
plots for verb morphology using the D2 measure. The friend-
stranger1 difference is not significant there (see Table 3), but
one can still see that the values for “stranger1” violate the as-
sumed rising trend. Thus, non-familiarity by itself does not
add more distance, but may even make the speakers closer than
friends. But when we add another difference—gender or social
hierarchy—the distance between the speakers rises.

It should be noted here that we did not actually measure lex-
ical entrainment assuming that in real dialogues there is always
some entrainment (which has been proved in multiple papers),
but the degree of entrainment may change under various fac-
tors. However, D3 data (see Table 3, D3), which should reflect
differences in speech entrainment, does not show many signifi-

cant differences. Apart from the conclusion that a person speaks
similarly to his/her sibling, the only significant difference is ob-
served for nouns between the groups “stranger1” and “boss”.
At the same time, D1 and D2 show more significant differences
and also reflect speech entrainment: D1 proves that the core
speaker changes his/her speech in different dialogues, while D2
reflects changes in their interlocutors’ speech.

As expected, our results differ for the two types of tasks—
card matching game and map task (see Table 3, before the slash
and after the slash, resp.). There are more significant differences
for verb features in map tasks, while the card matching game
shows more differences in nouns. This is probably because in a
card matching game the players do not need many verbs to find
common objects on their cards, but what they definitely need
are nouns. In map tasks, describing a route definitely requires
using a lot of verbs of motion.

5. Conclusions
In this paper, we have shown that a person’s speech varies in di-
alogues with different conversational partners. In terms of sev-
eral lexical measures, our data have shown that a person speaks
very similarly to his/her sibling; dialogues with a friend or a
same-gender stranger of similar age show fewer similarities;
the least “common language” is observed in dialogues with a
stranger of the opposite gender and with a stranger of greater
age and higher job position. This intra-speaker variability is
probably the result of variation in the degree of speech entrain-
ment between the interlocutors depending on social distance.
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