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Abstract. In this paper we present a proof-of-concept study which aims to
model a conceptual framework to analyze structures of dialogues. We demon-
strate our approach on a specific research question – how speaker’s role is
realized along the dialogue? To this end, we use a unified set of Map Task
dialogues that are unique in the sense that each speaker participated twice – once
as a follower and once as a leader, with the same interlocutor playing the other
role. This pairwise setting enables to compare prosodic differences in three
facets: Role, Speaker, and Session. For this POC, we analyze a basic set of
prosodic features: Talk proportions, pitch, and intensity. To create comparable
methodological framework for dialogues, we created three plots of the three
prosodic features, in ten equal sized intervals along the session. We used a
simple distance measure between the resulting ten-dimensional vectors of each
facet for each feature. The prosodic plots of these dialogues reveal the inter-
actions and common behaviour across each facet, on the one hand, and allow to
trace potential locations of extreme prosodic values, suggesting pivot points of
each facet, on the other.
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1 Introduction

Discourse analysis studies examine the way speakers project their identity [1], and their
social characteristics, via content analysis. This paper aims to merge two domains –

prosodic analytics and discourse studies – by tracing the footprints of the extra-
linguistic information of the role one plays in spoken interactions. Positioning is a term
mentioned by [2] to reflect a conversational phenomenon, defined as the process
whereby speakers’ selves are located as perceptibly and subjectively coherent partic-
ipants in jointly produced conversations. In speaking and acting from a position, a
person is bringing to a particular situation his/her history as a subjective being – that is
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the history of multiple positions and engagements in different forms of discourse that a
person has been in. According to [2], the term positioning reflects the dynamic aspects
of an interaction in contrast to the way in which the use of the term role serves to
emphasize static and formal aspects. In practice, studies in this field deal with how the
voice of the individual, in its metaphoric sense, via discursive means, [3], reflects the
way participants are locating themselves in certain contexts, for example, in institu-
tional discourse [4].

Automatic role identification methods were developed in [6–10], as part of the field
of Spoken Language Understanding (SLU) system [5]. These studies were mainly
focused on automatic identification of the roles exhibited by different speakers, for the
purpose of automatic speaker diarization, which serves as a mechanism to attribute the
automatic speech recognition output to the relevant speaker [11–14]. All these studies
were varied in terms of discourse types and languages, but on the other hand, they only
dealt with a single-speaker-per-role problem. The challenge of power relations mod-
eling, on the other hand, is both a consequence of a certain (formal) role acquired by
the speaker (e.g., the host in broadcast talk), and the subjective positioning of the
participants (e.g., the prime minister as an interviewee). Moreover, power relations are
dynamic, and may change over the duration of the interaction. A few studies have been
dealt with automatic tagging of the dominant speaker. [15] found that the top five of
most discriminative features in a meeting are: number of times a speaker grabs the
floor, number of turns, number of successful interruptions, amount of words spoken,
and number of questions asked. In previous studies, [16, 17] found evidence of
prosodic-acoustic discriminative role cues of the same speaker who played different
roles in two different dialogues. The findings showed a mean of 71% correct role
classification rate for women and a mean of 76% classification rate for men, based on
machine-learning algorithms with 1,428 acoustic features that were extracted via
openSMILE [18]. As opposed to studies that rely on rich set of acoustic features, [19]
found an indication to discriminative durations of silent pauses by each of the exam-
ined roles. Such findings are indicating how prosodic cues are used by speakers to
manage their own communication skills, and how the role affects primitive prosodic
characteristics. Other studies used surface parameters such as the above mentioned:
turn number, turn duration, and turn-taking to measure conversation structures and its
effect on likability [20], and other studies reached 91% accuracy using prosodic fea-
tures, among these are speaking length and energy, to cue dominance and subordi-
nation relations [5].

In this proof-of-concept (POC) study, we follow the studies that showed how
prosodic feature can discriminate between speakers’ power relations. By using the
pairwise settings of Map Task dialogues mentioned in [17], we present a conceptual
framework that can be used to trace dominance and subordination relations between
speakers and to compare between the same speaker’s behavior when s/he plays dif-
ferent roles. We expect that beyond the roles speakers are assigned to at the beginning
of the session, there will also be positioning processes along the interaction, and power
relations between the two interlocutors. In the context of the task-oriented dialogues,
power is asymmetrical due to the knowledge the leader has, i.e., the full route on the
map, as opposed to the “blindness” of the follower. On the other hand, in these
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task-oriented dialogues, there is also solidarity, since both sides want to fulfill the task,
meaning they are in socially equal relations.

One of the theory-driven questions in sociolinguistics is whether the leader sounds
like a leader, assuming leaders sound less hesitant, more restrained, and with a certain
amount of charisma, as expected from a person who holds the knowledge and
authority [21]. This is in contrast to the follower, whom is expected to be more
hesitant and anxious, as expected from a person who is guided and does not hold the
full information. With these assumptions in mind, the aim of the study is to find
acoustic cues to dominance and subordination relations [15] between the speakers and
to identify the vocal patterns and acoustic cues that reveal the inequality between the
two roles.

2 Materials and Methods

2.1 Map-Task Corpus Pairwise Setting

This POC focuses on the speech signal of interlocutors in a task oriented dyadic
interaction, namely Map Task corpus [22, 23], in which a speaker takes over either the
role of a follower or a leader. To this end, we use the Hebrew Map Task cor-
pus (MaTaCOp) [24], in which each of the thirty–two speakers participated twice with
the same interlocutor – once as a follower and once as a leader. This pairwise setting
allows to compare, first, the speaker’s vocal characteristics in both roles, and second,
the dynamics of dominance and subordination relations between the speakers along the
session, as a function of the role. Map Task dialogue type of discourse is considered
task–oriented, unplanned spontaneous speech [25], in which, participants have no a–
priori knowledge about the recordings’ setting or material (mainly, maps). According
to the pairwise setting, we denoted the first session of each pair as A and the second
session as B. We further denoted the speaker that began as follower (F) in session A
and changed into leader (L) in session B with FL and the other speaker with LF.

In the current study, we demonstrate our preliminary results on three pairs of
speakers (out of sixteen pairs): Male and male (sessions 1A and 1B), female and male
(sessions 4A and 4B), and female and female (sessions 8A and 8B).

The comparisons were made in three facets:

1. Role – we examine how the same role (follower or leader) is played by different
speakers and different sessions.

2. Speaker – we examine how the same speaker (LF or FL) is playing two different
roles in two different sessions.

3. Session – we examine differences in the same session (first session A, or second
session B), between two different speakers in two different roles.

Overall, gender differences are also relevant to the topic of subordination and
dominance, but they will not be discussed in the current paper.
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2.2 Design

As a pre-process, we conducted a single-layer automatic annotation of the dialogues.
Then we parsed each dialogue into chunks and calculated talk proportions, mean pitch
(F0), and mean intensity (in dB). Lastly, we calculated the relevant Euclidian
Distances (ED).

Annotation Method. A single-layer automatic annotation was applied. Annotation
included detection of a minimal set of four speech tags that are beyond annotators’
agreement: speech units of each role (Leader or Follower), acoustic silences, and
overlaps [16, 17]. The segmentations and annotations were automatically converted to
PRAAT textgrids [26].

Plot Comparable Framework. Our first goal is to represent speakers’ participation
level along the dialogue. Following [15] who found that the amount of speech is both
subjective and objective evidence to dominancy; we claim that this feature might also
represent the dominancy level of speakers along the dialogue. Calculations are rather
simple – measures of the amount of speech per frame (i.e., time unit). Frames can be
either a fixed predefined time (i.e. a minute) or a relative unit such as a tenth of the total
dialogue length. Figure 1 demonstrates three sequential Map Task sessions, 1A and 1B
(top), 4A and 4B (mid), and 8A and 8B (bottom). The same two speakers participated
in 1A and 1B, another pair of speakers in 4A and 4B, and yet another pair in 8A and
8B. Each of these six dialogues was divided into equal units of 1/10 of the dialogue
length, to enable a comparison between the six sub-figures.

This visualization highlights the differences between these dialogues, in terms of
speaker’s participation level, even when the same task (albeit different maps) and the
same pair of speakers are involved. The plot framework can be used to compare not
only participation level, but also other prosodic components such as the speech energy
of each speaker in the two different roles, or between two speakers in the same session
– and the same for pitch. Thus, with the same design, we will want to measure the
changes over time, and interactions between the speakers, and between the prosodic
components.

Feature Extraction. For this POC study, we chose speech duration, pitch and
intensity data to demonstrate the feasibility of our conceptual framework. Pitch and
intensity are primitive features that have perceptual impact on listeners and best
accuracy rates in automatic classifiers of conversational intelligence systems (inter alia,
[27]). The feature extraction was carried out after converting the stereo sound file into
its two mono channels (The recording setup is presented in [17]). For each channel, the
relevant speaker’s intervals were automatically extracted via Praat [26]. For example,
“4A follower” intervals were extracted in channel 1 since the follower in that session
had channel 1’s mono microphone on him. For each of the tenth frames, we extracted
the pitch (in Hz) and intensity (in dB) mean values using Praat version 6.0.32 [26]. The
normalized pitch was calculated for each frame as the mean value of the frame divided
by the global F0 mean value of a speaker (in a specific session, A or B). The nor-
malized intensity was calculated for each frame with the reference intensity of the
global mean intensity value of a speaker (in a specific session, A or B).
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Distance Measure. Calculations of the distance were done according to the simple ED
measure for each of the above-mentioned comparison facets: Role, Speaker, and
Session. For example, to calculate the distance between two followers, let (�Ai) denotes
the mean of the ith tenth for the follower in session A, and (�Bi) denotes the mean of the
ith tenth for the follower in session B, then the ED between the two followers is:

X10

i¼1
�Ai � �Bið Þ2 ð1Þ

For each pair of speakers and each prosodic parameter there are six EDs: two per
each facet: Role, Speaker and Session. To estimate the magnitude of the distances, we
compared them to the mean distance of the six relevant EDs.

Fig. 1. A comparison between dialogues’ plots of the three pairs of sessions (1, 4, and 8)
according to the talk proportions (%) per each frame (1/10 of total dialogue duration).
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3 Preliminary Results

In the following we present the results from three different pairs of speakers that
participated in the MaTaCOp recordings. The prosodic plots of the dialogues show the
normalized values of the three prosodic parameters in each tenth of a session for each
facet: role, speaker, and session. For each prosodic parameter we calculated the two
EDs per facet and compared it to the mean ED of all six pairs (two pairs per each of the
three facets).

Regarding distances in the Role facet, findings show that in terms of talk propor-
tions, leaders differ more than followers, since their ED is higher than that of the
followers (Table 1). However, the values of the mean EDs are even higher (1.00 in the
pair of sessions #1, 1.23 in the pair of sessions #4, and 0.94 in the pair of sessions #8),
therefore these distances between the talk proportions of two speakers who play the
same role are considered low.

Table 2 presents the EDs for pitch. The followers’ EDs in sessions 1 and 8 are
strictly higher (marked with boldface) than the mean ED values and in session 4 it is
almost equal to it.

Table 3 shows that in terms of intensity, all the EDs between the followers are
higher (marked with boldface) than the mean, while all the leaders are lower than the
mean ED.

Table 1. Euclidean distances of talk proportions per frame, between the roles – followers and
leaders.

Session Role Euclidean distance (ED) Mean ED

1 Followers 0.28 1.00
1 Leaders 0.57
4 Followers 0.76 1.23
4 Leaders 0.94
8 Followers 0.43 0.94
8 Leaders 0.49

Table 2. Euclidean distances of normalized pitch between the roles – followers and leaders.

Session Role Euclidean distance (ED) Mean ED

1 Followers 0.42 0.28
1 Leaders 0.18
4 Followers 0.30 0.32
4 Leaders 0.19
8 Followers 0.27 0.24
8 Leaders 0.18
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Regarding distances in the speaker facet, we found that for the talk proportion
parameter, comparisons within speakers (FL and LF) have higher ED values than their
mean values (except for speaker 1LF). ED values of pitch and intensity are higher than
the mean ED in sessions 4 and 8. This tendency demonstrates how speakers play each
role differently.

Regarding distances within a given session, results show that in terms of talk
proportions, the EDs between the speakers in each session are above the mean. This
finding is not surprising as it reflects two different speakers in two different roles.
However, for the pitch and intensity, the results are not conclusive, similar to the results
of the speaker facet. Figure 2 illustrates how the three prosodic parameters might be
integrated to a unified prosodic plot in future research. The dynamics between the two
speakers/roles in session 4A is evident. For example, the upward talking trend of the
follower in the 4th and 5th frames is accompanied with higher pitch values of the
follower and lower intensity values of the leader.

Table 3. Euclidean distances of normalized intensity between the roles – followers and leaders.

Session Role Euclidean distance (ED) Mean ED

1 Followers 7.89 7.39
1 Leaders 4.82
4 Followers 14.57 10.44
4 Leaders 6.33
8 Followers 11.38 7.62
8 Leaders 3.85

Fig. 2. The three prosodic parameters of session 4A as a typical example.
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4 Discussion

In this paper we presented how speakers’ participation level can be the primitive
infrastructure to any type of spoken dialogue analysis. By measuring the talk pro-
portions of each speaker in a conversation, as well as changes in pitch and intensity, a
comparable plot of the dialogues might be achieved. These graphs can be of use, for
example, to trace power relations between speakers.

Regarding the Role facet, we found that followers differ more than leaders in terms
of pitch and intensity. This might be related to the fact that leaders’ role is defined and
straight forwards, while the followers’ role is to seek the unknown and therefore each
speaker finds her/his own way to manipulate the voice in order to fulfill the task. Since
this phenomenon repeated in all three sessions, we find it interesting to further explore
in this direction in large scale corpus.

Regarding the Speaker facet, we showed that speakers manipulate their voice and
level of participation according to the role they were assigned to.

Regarding the Session facet, we found high distances within session. Moreover, if
we think about the first sessions (A-sessions) as the first part of the dynamics between
two speakers, then we should expect an entrainment effect to occur, and the difference
in pitch and intensity between speakers to shrink in the second sessions, hence EDs to
be higher in A-sessions compared to B-sessions. However, we did not find this trend. In
future work, we intend to examine the effect of entrainment phenomenon [28] and to
integrate it into our model.

This conceptual framework can contribute to a new perspective of speech detection
and recognition technologies, which are classically designed to reach a real-time per-
formance, for example, [27]. By plotting the dialogues in this manner, potential
locations of extreme prosodic values are emerging. Our conceptual framework suggests
analysing first the durational structure, and then to drill down into recognizing lower
level features, which are derived of the initial analysis. In the present paper we showed
how dialogue structure can imply pitch and intensity anomalies. Furthermore, using
this analysis process, the linguistic content can be then contextualized. Therefore, we
intend to widen the scope of the investigation into linguistic and perceptual cues of
dominance and subordination interactions between speakers. Beyond, this POC aims to
contribute to automatic role recognition [11, 16, 17, 29, 30]; to human-computer
interface sciences; to speaker verification [31]; and to the emerging business field of
Conversation Intelligence (CI).
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