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ABSTRACT

According to the Communication Accommodation Theory, speak-
ers dynamically adjust their communication behaviors, converging
to or diverging from their interlocutors in order to diminish or
increase social distance, which is called entrainment. Most of the
studies investigated the entrainment of the interlocutors in terms
of linguistic and paralinguistic features respectively, but paid less
attention to the (dis)entrainment relation between paralinguistic
and linguistic ones. In this study, we employed BERT to extract
the semantic similarities of turns within dialogues in service sce-
narios, and found the semantic entrainment. We also found that
(dis)entrainments policies were adopted between acoustic-prosodic
(paralinguistic) and linguistic (semantic) features. These findings
will contribute to fully understanding the mechanism of entrain-
ment in dialogue.
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1 INTRODUCTION

How speakers adapt to each other has been of great interest to
speech researchers for the last two decades. This adaption between
interlocutors is referred to as entrainment. In the context of a con-
versation, it means that two speakers become more similar to each
other in speaking styles and representations. Entrainment believed
to be present at all levels of communication in various factors, and
that this process helps interlocutors to understand each other [11].
As is well known to all, the spoken language conveys linguistic, par-
alinguistic, and non-linguistic information. In previous studies, the
entrainment phenomenon was investigated using linguistic-related
parameters [6] or paralinguistic-related parameters [8, 10, 12] in-
dependently, but the correlation between the two aspects was less
discussed. In the study [13], the authors discussed the entrainment
relationship between linguistic information represented by word
frequency and acoustic/prosody parameters, but failed to find the
relationship between them. In this study, we utilize a more effective
way to describe the linguistic information and analyze the relation
between the linguistic information and paralinguistic information
in the entrainment. To do so, we use BERT [4] to extract the se-
mantic information as the representative of linguistic information,
while fundamental frequency (F0), sound intensity and gap between
the turns is treated as the representatives of para-linguistic infor-
mation. Here, we try to find the relation between the linguistic and
paralinguistic information. The interaction between them would be
useful for address the mechanism of the entrainment rather than
only consider linguistic and paralinguistic entrainment individually.
The rest of the paper is structured as follows. Section 2 presents
the dataset and the method. Section 3 details the relation between
the semantic information and prosodic information in entrainment.
Section 4 discusses the conclusion and the future work.

2 METHOD

In this section, we introduce the method to extract the semantic
and prosodic information in our database, and the calculation of
the semantic entrainment metrics.
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2.1 Basic layout features

The data we used here were out from the DISCOURSE-CASS [9] -
a corpus of Chinese spontaneous telephone conversation recorded
in real service scenarios, such as taxi, airport, restaurant, insurance,
and so on. 364 dialogues from this corpus were used in this study,
which were annotated with multi-leveled information including
turns, speaker gender, speech/non-speech labels, and so on.

2.2 Information extraction

2.2.1 Semantic information.

To parameterize the semantics of each turn in the dialogue, we
calculated a “semantically similarity” between the same speaker
using his/her two adjacent turns [2]. For quantitatively measuring
this kind of semantic distance, our approach was based on the BERT
model, we represent each turn into a fixed-length vector (in our case
768 dimensions). Each element of the vector encodes the semantics
of the original turn. We then calculated the “semantic similarity”
of each turn by comparing Pearson’s correlation between the 768-
dimensional vector of the current turn with the next turn. The
correlation provides a semantic similarity measure for each turn.
This similarity is calculated for the same speaker using his/her two
adjacent turns, turn by turn.

2.2.2  Gap information.

The gap in dialogue is defined as the silence between two adjacent
turns and is attributed to the following speaker. All gap durations
were calculated in the log scale. It is necessary to point out that
the distribution of gap durations is typically positively skewed [3],
which makes arithmetic means over estimators of central tendency.
Mean durations in the log domain (or geometric means) may be
better suited to describe the gap distribution. According to the study
[5], we use the Time-Aligned Moving Average (TAMA)-method to
quantitatively analyze the dynamic changes of the gaps in dialogues.
This method is based on a moving window average, where the
window length is nine points (turns) with a shift of one point.

2.2.3  Other prosodic information.

We used the Praat toolkit [1] to extract the following prosodic
features: pitch (fundamental frequency in Hz), intensity (loudness
in dB), the arithmetic max and mean for each feature are deter-
mined at the turn level in a dialogue. All of these features were also
processed using the TAMA-method based on nine points (turns)
moving window to describe the dynamic changes.

2.3 Semantic entrainment calculation

The entrainment in communication means the process in which two
(or more) people speaking to each other tend to become more similar
linguistically and prosodically. Entrainment has been investigated
in numerous studies from different aspects, for example, lexical en-
trainment [6], phonetic entrainment [8], and acoustic-prosodic en-
trainment [10, 12]. These studies found that entrainment shows two
basic tendencies: synchrony and convergence. Synchrony means
that speakers are consistently behaving in a similar way, whereas
convergence indicates that speakers progressively become more
and more similar over a certain period. Both processes can present
at the same time: two speakers may exhibit synchronous behavior
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that deviates from what we would expect would happen by chance,
and at the same time become more similar.

2.3.1 Convergence.

Convergence (conv™B) between 4 (service staff) and B (cus-
tomer speaker) can be measured as the Pearson correlation coeffi-
cient between — | f A_ f B | and time ¢, which can be calculated as

[7]:
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Where 4 or fB is referred to as the extracted semantic infor-
mation from the service staff or the customer speaker. ts; and t,,,4
means the start and the end time of the dialogue. Positive/negative
values of this metric indicate that {4 and f® become closer to/further
apart from each other as the conversation is proceeding.
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2.3.2  Synchrony.
Synchrony between f4 (service staff) and fB (customer speaker)
(sync™B) can be measured as the Pearson correlation coefficient
between f4 and 8. We calculated sync®B as [7]:

A,B
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Positive values of sync’>B indicate that f4 and £ behave in
synchrony with each other, while negative values for the cases in
opposite directions.

3 RESULTS AND DISCUSSION
3.1 Semantic entrainment

According to the calculation of entrainment, Figure 1 shows exam-
ples of conversations with high (a) and low convergence (b), and
with high (c) and low synchrony (d). For high convergence, two
semantic curves of the speakers gradually become more and more
similar during a dialogue, while the high synchrony shows that
speakers are consistently behaving in a similar way.

By our knowledge, the BERT-based semantic similarity feature
has not been used for linguistic entrainment. Therefore, we first
investigate the validity of the proposed similarity on convergence
and synchrony. In this study, we use the Permutation Test (Bonfer-
roni) to find out the reliable region for convergence and synchrony.
It is found that the absolute value of the Pearson coefficient is larger
than 0.38, the result would fall in region with the confidence values
(p < 0.05). The results of synchrony and convergence are presented
in Table 1. Over half of the dialogues are found with high synchrony
(Person coefficient >0.38) between two interlocutors, while 41% of
dialogues show a tendency of divergence (Person coefficient <-0.38)
in the entrainment analysis.

3.2 Correlation between semantic information
and prosodic information

Now we investigate the relationship between semantic and prosodic
factors by computing Pearson correlation coefficient between the
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Figure 1: Sample conversations with different values of the
semantic entrainment metrics (Notes: Dotted lines are used
for service staffs; solid lines are for customer speakers)

Table 1: The number of dialogues that have significant se-
mantic convergence and synchrony

Convergence Synchrony
High Low High Low
91(25%) 148 (41%) 201(55%) 70(19%)

semantic and prosodic entrainments from same interlocuters in
a dialogue. By the Permutation Test (Bonferroni), we find that
in most dialogues from our database, the semantic entrainment
has significant correlation with prosodic (gap, FO max and mean,
intensity max and mean) entrainment produced by the same speaker
(service staff or customer). Firstly, we investigate the significant
correlations between semantic entrainment and specific prosodic
factors that are negative, which can be further divided into two
groups. Each group contains several dialogues from our database.
The length of dialogues has been normalized. The values of semantic
similarity and gap duration of each group have been averaged. As
shown in Figure 2, the left panel represents the changes of the
mean value of sematic similarity with time, and the right panel
shows the changes of the mean gap duration with time. Figure 2(a)
and (b) demonstrate correlation of one group, revealing that the
similarity increases with time for a given speaker, his/her the gap
duration shortened. It indicates that as the semantic similarity
becomes closer, the speakers do not need more time to plan their
conversation, so that the duration of the gap reduces as the dialogue
goes on. As for the other group, conversely, Figure 2(c) and (d)
shows a decline tendency of semantic similarity corresponding to
an increasing gap duration for service staff, which yields a different
type of negative correlation.

Secondly, we examine the positive correlations between semantic
and prosodic factors that are of significance. Similar to the analysis
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Figure 2: The results with negative correlation between se-
mantic and gap entrainments

of negative correlations, Figure 3(a) and (b) show that the more sim-
ilar the semantics for a given speaker, the longer the gap duration
the speaker took. In (c) and (d), service staff shows another situation
of positive correlation in which the semantic become dissimilar, the
gap duration becomes shorter.

We also analyzed the correlation between semantic and other
prosodic factors (FO max and mean, intensity max and mean) and
present the results in Table 2. The table shows the number of di-
alogues in which service staff or customer have strong correla-
tion (absolute Pearson coefficient >0.38) between the semantic and
prosodic information.

The negative correlation implies that the more similar the se-
mantics, the smaller the FO values and/or intensity values and vice
versa. In general, when two interlocutors’ semantics become closer,
the interlocutor will be able to catch the content of the conversa-
tion more easily. Thus, it is not necessary for speakers to express
their intention by emphasizing the prosodic parameters. For the
cases with positive correlation, it seems to conflict with the pre-
vious explanation. One possible explanation is that one speaker
may dominate the conversation while the other acts as a follower.
Therefore, the conversation processes depend upon the dominating
speaker, causing the positive correlation. In other words, the fol-
lower matches his/her semantic/prosodic styles to the dominating
speaker. In service scenarios, the service staffs may have to follow
the customers’ behavior in general. We also noted that, there are
some other cases in which an interlocuters show an impatient atti-
tude to another interlocutor, which also causes positive correlation.
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Figure 3: The data with a positive correlation between se-
mantic and gap entrainments

Table 2: The number of the dialogues that have strong cor-
relation between the semantic and different prosodic infor-
mation for each interlocutor

Service stuff Customer

Pos Neg Pos Neg

Semantic vs. Gap 119 129 97 114
Semantic vs. FO max 113 109 112 126
Semantic vs. FO mean 107 114 103 131
Semantic vs. Int max 112 114 94 139
Semantic vs. Int mean 91 126 86 143
Semantic vs. speech rate 133 100 138 89

4 CONCLUSION

In this study, we proposed “semantic similarity” to quantify the
semantic information of dialogues, which was the Pearson’s corre-
lation between the BERT-based word embedding of two adjacent
turns. The semantic similarity gave a good measure for the en-
trainment of the conversations. It is found that in most cases, the
entrainment relation between linguistic information and paralin-
guistic information is almost consistent. Therefore, in a smooth
conversation, the prosodic features (gaps duration, FO max and
mean, intensity max and mean) of the interlocutors will probably
show a tendency to decline as they can easily catch the content
of the conversation. In the future, we will explore which factors
influence the positive and negative correlations between linguistic
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and paralinguistic, then investigate the mechanism of the entrain-
ment based on the interaction between linguistic and paralinguistic
information.
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