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Abstract

We studied how personality differences and conversation topics predict interpersonal
speech coordination, leading/following dynamics, and nonverbal interactional dominance
in dyadic conversations. In a laboratory, 100 undergraduate students (50 same-gender
dyads) had a 15-min conversation following three topics (introduction/self-disclosure/
argumentation). Their speech coordination and turn-taking (speech/silence) dynamics were
assessed through nonlinear time-series analyses: Cross-Recurrence Quantification Analy-
sis (CRQA), Diagonal Cross-Recurrence Profiles (DCRP), and Anisotropic-CRQA. From
the time series, we extracted five variables to operationalize speech coordination (global
and at lag-zero), leading-following dynamics, and asymmetries in the interacting partners’
nonverbal interactional dominance. Interaction appraisals were also assessed. Associations
between personality traits Extraversion/Agreeableness, speech coordination, and nonverbal
interactional dominance were tested using mixed-effects models. Speech coordination and
nonverbal interactional dominance differed across conversational topics and peaked during
argumentative conversations. Extraversion was associated with increased speech coordi-
nation, and nonverbal interactional dominance, especially during the argumentative con-
versation. During a self-disclosure conversation, Extraversion concordance was associated
with more symmetry in turn-taking dynamics. Speech coordination was generally associ-
ated with positive post-conversational appraisals such as wanting to meet in the future or
liking the conversation partner, especially in extroverted individuals, whereas introverts
seemed to value less swift dynamics. High Agreeableness predicted less speech coordina-
tion during argumentative conversations, and increased speech coordination (at lag-zero)
predicted reduced perceived naturality in agreeable individuals. This may suggest a trade-
off between maintaining swift speech dynamics and the natural flow of conversation for
individuals high in Agreeableness.
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Introduction

The course and dynamics of a conversation between two partners (a dyad) and how they
experience the interaction are affected by contextual factors (i.e., situations) and individual
differences (e.g., personality traits, see Harley, 2013). Interpersonal speech dynamics such
as the temporal attunement of speech and silence turns show how dyads coordinate dur-
ing conversations (through turn-taking dynamics), the leading-following dynamics they
exhibit, and how potential nonverbal interactional dominance asymmetries emerge from the
mutual influence of interacting partners. We present a study with four aims. First, we use
complex dynamical systems theory and speech recordings during conversations to quan-
tify differences in overall speech coordination through turn-taking behaviors, leader—fol-
lower dynamics (temporal domain), and differences or asymmetries in nonverbal interac-
tional dominance between the interaction partners (e.g., one person tends to “dominate”
the conversation to a greater extent through speech or silence episodes). Second, we exam-
ine whether these speech dynamics differ across three types of conversations, introduction,
self-disclosure, and an argumentative conversation. Third, we examine how dyadic speech
dynamics differ as a consequence of their personality traits, and study dyadic combinations
(one or both low/high scores) of Extraversion (sociability) and Agreeableness (nurturance).
Fourth, we examine how interpersonal speech coordination and personality traits influence
how both interacting partners appraise their conversation regarding the perceived quality of
the interaction and rapport. We conclude by discussing our study results and their fit into
the broader interaction dynamics and personality theory literature.

Interpersonal Speech Dynamics

Human communication extends beyond spoken words and comprises a complex flow of
interpersonal dynamics within conversations. Language, viewed as a complex adaptive
system, operates through interacting elements distributed across both the body and social
environments. In this context, ‘body’ refers to the various physical and neural processes
involved in language production and comprehension. This includes the motor functions
necessary for speech, the sensory mechanism for hearing and understanding spoken lan-
guage, and the cognitive processes that support language in communicative interaction
(Di Paolo et al., 2018; Ellis & Larsen-Freeman, 2009; Lund et al., 2022). These processes
modulate perceptions, emotions, and thoughts, which are transformed into meaningful lan-
guage expressions (Scheidt et al., 2021). The behavior of each interacting partner is fur-
ther influenced by characteristic adaptations—such as perceptual information, situational
factors, social motivations, and other individual differences (Beckner et al., 2009; Asen-
dorpf, 2017; Mischel & Shoda, 1995)—reflected in aspects like gaze, gestures, movement,
and speech coordination (Fusaroli et al., 2014). Recognizing language as a complex adap-
tive system has significant implications for interpersonal interactions, where partners are
linked through both verbal and nonverbal communication (Falandays et al., 2018; Scheidt
et al., 2021; Thibault, 2004). These joint dynamics emerge in dyadic interactions, where
both participants continuously shape the conversation as it unfolds (Reuzel et al., 2013), a
crucial consideration given that dyads represent the majority of human social interactions
(Peperkoorn et al., 2020).

In conversation, people adapt to each other through synchronized behaviors such as
turn-taking, speech duration, speech rate, response latency, vocal intensity, and movement

@ Springer



Journal of Nonverbal Behavior (2025) 49:85-123 87

(Bloomfield et al., 2021; Fowler et al., 2008; Reuzel et al., 2014). This study focuses on
three key aspects of interpersonal speech dynamics, in line with Reuzel et al. (2013, 2014):
(1) Speech coordination, where a well-coordinated and attuned conversation occurs when
one person speaks while the other listens and vice versa; (2) Leader—follower dynamics,
where one person temporarily guides the flow of conversation while the other follows; and
(3) Asymmetries in nonverbal interactional dominance, which reflect how one partner may
control pauses and speech timing more than the other. Detailed operationalizations of these
dynamics and their measurements are provided in the Method section. We also examine
how individual differences in Extraversion and Agreeableness impact these conversational
dynamics.

Coordination in Social Interactions

Coordination can be understood as a self-organized set of coupled components that func-
tion as a single functional unit —such as a conversation (Bernieri et al., 1988; Shockley
et al., 2009). These components are self-organized and context-sensitive, as each individual
actively structures exchanges with their environment to create and sustain systemic sta-
bility (Varela et al., 2017; Thompson, 2007). Through this process, interacting partners
develop stable, yet flexible patterns that are context-sensitive, self-organized, and adapta-
ble (Thompson, 2007); allowing them to pursue opportunities (or affordances) aligned with
their goals —whether those goals are affiliative, competitive, problem-solving, or others
(Fusaroli et al., 2014; Kelso et al., 1984; Shockley et al., 2003). In essence, the actions of
one partner influence the other, leading the dyad to behave as a coupled system (Shockley
et al., 2009).

In our study, speech coordination refers to the interdependent dynamics of conversa-
tional elements, such as turns of speech and silence, that evolve together over time with a
coherent rhythm. This coherence does not imply that participants are performing the same
actions simultaneously. Rather, they engage in mutually dependent and adaptive dynamics,
where each partner adjusts to the other, allowing specific functions and goals to emerge
within the conversation (Nowak et al., 2017). We define speech coordination as a recipro-
cal, nonverbal process of turn-taking that creates a rhythmic flow in dialogue (Reuzel et al.,
2013). Our analysis focuses on speech coordination, the temporal aspects of leader—fol-
lower dynamics, and the asymmetries in nonverbal interactional dominance that manifest
during turn-taking (Reuzel et al., 2014).

Nonverbal Interactional Dominance in Speech and Personality

Speech coordination occurs when interacting partners establish an optimal, predict-
able rhythm in conversation, facilitating smooth turn-taking with fewer interruptions or
extended silences (Warner, 1992; Reuzel et al., 2013). These coordinated rhythms are
associated with affiliation (Hove & Risen, 2009), cooperative efficiency (Delaherche et al.,
2012), successful negotiation outcomes (Di Stasi et al., 2024), and positive affect (Warner,
1992). However, speech distribution in conversation is not always equal. One partner may
dominate the interaction, speaking more frequently and exerting greater influence, a behav-
ior linked to higher status and decision-making power (Bales, 1973; Meeker, 2020). Con-
versation dominance can be indicated by the speed of speech onset, or response latency, as
well as other nonverbal cues like leader—follower dynamics in turn-taking (Berger et al.,
1972; Fisek et al., 2005; Meeker, 2020; Reuzel et al., 2013, 2014). Individuals who initiate
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speech more often and lead conversational dynamics can create asymmetries in the flow,
where one person consistently drives the conversation by starting more speaking episodes
(Genschow & Alves, 2020). Additionally, nonverbal interactional dominance refers to the
degree and duration of these imbalances, where one partner’s nonverbal behavior exerts
greater influence over the other (Reuzel et al., 2014).

Conversation dynamics—such as speech coordination, leader—follower roles, and non-
verbal dominance—allow individuals to meet their communicative goals. However, these
dynamics are also influenced by situational factors and individual differences between part-
ners (Mischel & Shoda, 1995). Thus, we investigate how variations in Extraversion and
Agreeableness shape these interactional patterns.

Personality Conceptualizations and the Emergence of Dyadic Systems

Dynamic personality models propose that while human affect, behavior, thoughts, desires,
and action predispositions continuously change due to intrinsic and external forces, they
eventually converge into stable personality patterns over time (Bleidorn et al., 2022; Nowak
et al., 2005; Revelle & Wilt, 2020; Sosnowska et al., 2019). Personality differences can be
seen as tendencies to optimally engage with the world, reflecting individual variations in
person-environment fit (Hovhannisyan & Vervaeke, 2022). Thus, personality represents
how individuals navigate and structure social affordances across contexts (Chemero, 2003;
Gibson, 1979; Satchell et al., 2021), offering a broader, dynamic perspective compared to
traditional trait models—often termed characteristic adaptations (Nguyen et al., 2021).

Personality also describes how differences between conversation partners influence the
emergence of higher-order conversational elements within the dyadic system (Mischel &
Shoda, 1995; Nowak et al., 2020). In this study, we examine how the personality traits of
each partner affect dyadic speech coordination across different types of conversations, and
how the partners appraise these interactions. We focus on Extraversion and Agreeableness,
two core dimensions of social behavior (Goldberg et al., 1998; Koole et al., 2001; McCrae
& Costa, 2008), whereas the remaining three traits of the Five-Factor Model—Consci-
entiousness, Neuroticism, and Openness—are more relevant to specific domains such as
work, emotional regulation, and intellectual pursuits (Cuperman & Ickes, 2009; Larsen
et al., 2025; Peabody & Goldberg, 1989).

Extraversion reflects sociability, with higher scores being lively, outgoing, and adven-
turous, in contrast to introverts (McCrae & Costa, 2008). Agreeableness reflects tenden-
cies toward altruism and cooperation, while disagreeable individuals often lack concern
for others (DeYoung, 2015; Hovhannisyan & Vervaeke, 2022). Previous studies show that
individual speech patterns are influenced by the talkativeness of the partner, partly reflect-
ing their personality traits (Borgatta & Bales, 1953; Leaper & Ayres, 2007; Oben & Brone,
2016). For instance, concordant extraverted dyads tend to cover a wider range of topics and
engage in more personal self-disclosure, while introverted dyads often focus on problem-
solving themes and are more concise (Arellano-Véliz et al., 2024b; Cuperman & Ickes,
2009; Thorne, 1987). Additionally, dyads with higher levels of Extraversion exhibit greater
nonverbal rhythmic synchrony, a finding consistently observed across video-tracking stud-
ies (Fujiwara & Yokomitsu, 2021). Concordant dyads, whether introverted or extroverted,
often rate their interactions as more positive and engaging. In contrast, discordant dyads
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in Agreeableness (agreeable/disagreeable) may disclose more personal information, with
agreeable individuals generally evaluating the interaction more positively (Arellano-Véliz
et al., 2024b). Overall, the role of conversational topics and personality traits in shaping
speech coordination remains an open question.

The Present Study

We propose that speech coordination dynamics, as emergent properties of conversation, are
shaped by a complex interplay of personality traits and contextual/conversational goals. To
investigate these interpersonal dynamics, we analyzed time series of nonverbal conversa-
tional behavior, focusing on three key aspects: overall speech coordination, leader—follower
dynamics, and asymmetries in nonverbal interactional dominance. We aimed to elucidate
how high-level situational constraints, such as conversational topics (i.e., introductory,
self-disclosure, and argumentative discussions), influence these dynamics (Paxton & Dale,
2017). Similarly, we explored how individual differences in Extraversion and Agreeable-
ness modulate conversational patterns. Furthermore, we scrutinized how these factors
shape interaction partners’ perceptions and evaluations of the conversation.

Cross-Recurrence Quantification Analysis to Quantify Coordination of Speech, Leader-
Follower Dynamics, and Nonverbal Interactional Dominance

To explore speech coordination, leader—follower dynamics, and asymmetries in nonver-
bal interactional dominance, we applied three nonlinear time-series techniques based on
Cross-Recurrence Quantification Analysis (CRQA; Cox et al., 2016; Marwan et al., 2007;
Zbilut & Webber, 1992), as outlined in the method section. These methods provide a robust
framework for identifying temporal patterns and interdependencies in speech dynam-
ics during interpersonal interactions (Cox et al., 2016; Marwan et al., 2007; Zbilut et al.,
1998). Our analysis primarily focused on turn-taking behavior, particularly moments when
one partner spoke while the other remained silent, akin to the approach of Reuzel et al.,
(2013, 2014).

The nonlinear time series approach enabled us to examine interpersonal speech dynam-
ics across three domains. First, we assessed speech coordination globally (across all time
lags) and simultaneously (at lag-zero), identifying instances where one partner’s silence
aligned with the other’s speaking. Second, we evaluated leader—follower dynamics by
quantifying the imbalance in turn-taking initiatives, providing insights into conversational
balance. Third, we examined asymmetries in nonverbal interactional dominance by meas-
uring how one partner’s behavior influenced the other.

These complex dynamic systems techniques are valuable for studying dyadic interac-
tion dynamics and the influence of personality traits on reciprocal interactions (Mischel
& Shoda, 1995). Individual differences can shape the dyadic system, leading to emergent
properties that would not be present otherwise, such as how a talkative person might create
more opportunities for interaction. Integrating CRQA with dyadic systems and personal-
ity traits offers a comprehensive framework for understanding the multifactorial nature of
interpersonal dynamics.
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Table 1 Expectations by each research question

Research question

Hypothesis

(1) How do conversational constraints influence
speech coordination, leader—follower dynamics,
and nonverbal interactional dominance?

(2) How do personality traits and dyad composition
influence speech coordination?

(3) How do personality traits and dyad composition
influence leader—follower dynamics and nonverbal
interactional dominance?

Hla: Conversational type will significantly explain
variance in speech coordination. Self-disclosing
(Thorson et al., 2021) and argumentative conversa-
tions (Tschacher et al., 2018) will result in higher
coordination, driven by affiliative or competitive
motivations (Allsop et al., 2016)

H1b: Conversational constraints will lead to differ-
ences in leader—follower dynamics and nonverbal
interactional dominance, with stronger effects
expected in argumentative tasks compared to
introductory conversations (Paxton & Dale, 2017;
Reuzel et al., 2014)

H2a: Higher Extraversion within dyads will increase
speech coordination due to extraverts’ social enjoy-
ment and talkativeness (Funder & Sneed, 1993;
Leaper & Ayres, 2007; Cuperman & Ickes, 2009;
Fujiwara & Yokomitsu, 2021)

H2b: The presence of at least one extrovert in a
dyad will increase coordination, as the more
socially engaged partner drives alignment (e.g.,
Arellano-Véliz et al., 2024b; Lucas & Diener, 2001;
Tuovinen et al., 2020)

H2c: High Agreeableness will increase coordination
due to warmth and friendliness (Funder & Sneed,
1993; Graziano et al., 2007; Graziano & Tobin,
2009; Cuperman & Ickes, 2009)

H2d: Low Agreeableness will inhibit coordination,
particularly in dyads with at least one disagreeable
partner. Disagreeable individuals are less likely to
engage in prosocial behaviors, such as active listen-
ing and responsiveness, which are essential for
effective speech coordination and attunement (e.g.,
Graziano & Tobin, 2009; Graziano et al., 2007)

H2e: An exception to H2d might occur during argu-
mentative conversations, where low Agreeableness
could lead to increased coordination (as evidenced
in the case of body motion, Arellano-Véliz et al.,
2024b). This may be due to competition motives
(Urbig et al., 2021), however, this explanation is
still exploratory

H3a: Higher Extraversion will correlate with more
imbalanced leader—follower dynamics, where
extroverts take the lead more often (Funder &
Sneed, 1993; Leaper & Ayres, 2007; Cuperman &
Ickes, 2009)

H3b: High Agreeableness will foster balanced
dynamics, while low Agreeableness will lead to
greater speech disparities and dominance asym-
metries (Arellano-Véliz et al., 2024b; Urbig et al.,
2021)

@ Springer



Journal of Nonverbal Behavior (2025) 49:85-123 91

Table 1 (continued)

Research question Hypothesis

(4) How do speech coordination, leader—follower H4a: Higher coordination will positively influence
dynamics, and nonverbal interactional dominance perceived interaction quality, reflecting more posi-
affect perceived interaction quality? tive and attuned interactions (Arellano-Véliz et al.,

2024b; Graziano et al., 2007; Hove & Risen, 2009;
Warner, 1992)

H4b: Balanced leader—follower dynamics and sym-
metric interactions (i.e., lower dominance asym-
metry) will contribute to more positive interaction
perceptions (as evidenced by Reuzel et al., 2014)

H4c: Higher Extraversion will correlate with more
positive interaction perceptions due to more
dynamic and engaging conversations (Funder &
Sneed, 1993; Cuperman & Ickes, 2009)

H4d: Higher Agreeableness will be linked to more
positive perceptions, especially in attuned and
cooperative contexts (Arellano-Véliz et al., 2024b;
Warner, 1992)

Expectations

This study aimed to answer four research questions, with the corresponding hypoth-
eses outlined in Table 1 (See method section for the operationalization of the variables;
Table 2).!

Method
Participants

The data presented in this paper were collected between 2021 and 2022 as part of a larger
multimodal experimental project (see [blinded] et al., 2024). From an initial pool of 300
screened participants, 112 undergraduate students participated in 15-min same-sex dyadic
conversations conducted in a controlled laboratory setting. The final sample consisted
of 100 participants (50 same-sex dyads) aged 18 to 33 years (M=20.54, SD=2.74; 72
females, 28 males), as only these data met the criteria for analysis due to the audio file
integrity (six dyads were excluded for inadequate recordings). To control for potential
confounding factors related to pre-existing relationships, participants were unacquainted
before the study. All participants received ECTS credits for their involvement and provided
informed consent in line with ethical standards for research involving human participants
(ethical approval code PSY-1920-S-0525).

! Since this study is part of a larger data collection and a subsample was considered, we delineate our
hypotheses based on Arellano-Véliz et al. (2024b) which focused on coordination and coupling of body
motion, as well as pioneer literature by Funder and Sneed (1993), Cuperman and Ickes (2009) and Tsch-
acher et al. (2018).
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We initially designed the laboratory study to examine the impact of (dis)similarity in
socially relevant trait scores, particularly Extraversion and Agreeableness, focusing on
individuals scoring either 0.5 SD above (“high”) or 0.5 SD below (“low”) the sample mean
(e.g., Li et al., 2020). However, in our models, we utilized the entire sample of 100 par-
ticipants, modeling the personality traits continuously while maintaining the dyadic struc-
ture parsimoniously. Additionally, we provide descriptive statistics and plots following this
threshold-based dyadic matching, similar to the approach outlined by Li et al. (2020) for
low/high trait scores and by Cuperman and Ickes (2009). To simplify the interpretation of
the results, the participant with the higher score within the dyad is designated as partici-
pant "A," while the one with the lower score is designated as participant "B.

Instruments

Big Five Personality Traits: International Personality Inventory Pool—120
(IPIP-NEO-120)

Personality traits were assessed using the IPIP-NEO-120 (Johnson, 2014) via the Qualtrics
online platform approximately ten days before the laboratory study. Participants provided
informed consent before completing the self-report questionnaire, which measures the Big
Five personality traits—Extraversion, Neuroticism, Openness to Experience, Agreeable-
ness, and Conscientiousness—along with their 30 facets. The questionnaire consists of 120
items and typically takes 10 to 20 min to complete (Johnson, 2014). The IPIP-NEO-120
has demonstrated psychometric properties consistent with the NEO-PI-R scales (McCrae &
Costa, 2008), indicating its reliability and validity. In a sample of 501 individuals, the IPIP-
NEO-120 showed high correlations with the NEO-PI-R across all five traits (Extraversion
0.85, Neuroticism 0.87, Openness 0.84, Agreeableness 0.76, and Conscientiousness 0.80;
all p<.01; Johnson, 2014). The questionnaire also exhibited good internal consistency,
with Cronbach’s alpha values of 0.84 to 0.88 across the five traits. The IPIP-NEO-120 is
publicly available, cross-culturally robust, and suitable for use with international samples.

Self-disclosure Paradigm

We used the self-disclosure paradigm to promote affiliative conversation (Aron et al.,
1997). This protocol involves partners asking and answering progressively personal ques-
tions to foster interpersonal closeness. The original version consists of three sections with
12 questions each, taking about 45 min to complete. For our study, we shortened the pro-
tocol to three sets of three questions (9 questions total) to fit within a 5-min conversa-
tion segment. Participants were asked to select at least one question from each set, with
both partners answering each question and sharing as much as they felt comfortable. Sam-
ple questions include: "What would constitute a perfect day for you?’, ’Is there something
you've dreamed of doing for a long time? Why haven’t you done it?’, and ’How do you feel
about your relationship with your family?’".

Perception of the Interaction (Appraisals)
After the dyadic conversation, participants were asked to complete a modified version

of the Perception of the Interaction questionnaire (Cuperman & Ickes, 2009) to assess
the self-reported interaction experience. The scores go from 1 (“not at all”’) to 5 (“very
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[Time (seconds) 123456789 10...

-

[Time series participant “A”  0001111110...

[Time series participant “B” 0011100001 ...

Fig. 1 Representation of the time series generation. Note: The figure represents the coding of the time
series, which represents the speech (1) and silence (0) segments by seconds in the time series of each inter-
acting partner (Figure adapted from Reuzel et al., 2013)

much”). The original version of this questionnaire assesses the first-person perspective
(e.g., “To what extent did you feel accepted and respected by the other person”?) and
the third-person perspective (e.g., “To what extent do you think your conversation part-
ner felt accepted and respected by you?). In the present study, we report the first-person
questions, as our research focused on individual experience, instead of actor-partner
interdependence effects. To preserve nuanced interpretations the Perception of Interac-
tion questionnaire items were used as variables, instead of clusters of items, following
the precedent by Funder and Sneed (1993) and Cuperman and Ickes (2009).

Procedure

Participants were invited to the experimental study and provided with a heart rate
transmitter belt upon arrival at the laboratory, though these data are not included in
this paper. After arriving, participants read and signed the informed consent form and
completed an affect questionnaire (PANAS, 2007; not reported in this paper, but con-
sult [blinded] et al., 2024). A microphone was then attached to their clothing, and they
received instructions about the conversation task. The interaction took place with par-
ticipants standing face-to-face on a balance board (designed to measure postural control,
not reported here) at a fixed distance of 1.5 m. The balance board also served as a con-
venient positioning device to keep people at a fixed distance and facing each other. A
camera positioned about 4.5 m away recorded the interaction from a sagittal perspective.

The conversation followed a semi-structured schedule lasting approximately 15 min,
divided into three 5-min parts, though participants could move to the next phase at
their discretion. The interaction included (1) introductions, (2) self-disclosure, and (3)
an argumentative conversation or debate. In the introduction phase, participants briefly
introduced themselves, with general themes provided for guidance if needed. During the
self-disclosure conversation, participants followed a shorter version of the self-disclo-
sure paradigm, as detailed in the previous section. In the argumentative phase, partici-
pants selected a topic from a pool of around 20 and took opposing sides (pro/against) on
issues like "Are strict lockdowns a valid measure during the pandemic to keep people
safe?", "Are dating apps a good platform for meeting a romantic partner?", and "Should
pre-adolescents and adolescents use social media freely?". They debated as many top-
ics as possible within 5 min, with time monitored by an alarm, but could extend the
discussion as needed before moving to the next phase. After the interaction, participants
completed questionnaires on affective state, interpersonal closeness, and interaction
appraisals.
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Data Processing and Time Series Generation

Data streams were recorded using Lab Streaming Layer software (Kothe et al., 2019).
Each audio stream was cleaned with Adobe Audition, utilizing the default ‘noise print’ and
‘DeNoise’ functions to minimize background noise and enhance the clarity of participants’
voices. The cleaned files were then analyzed using the voice activity annotation function
in Praat software (Boersma & Weenink, 2023), which coded silence and speech segments
as ‘O=silence’ and ‘1 =speech’, following the procedure outlined by Reuzel et al. (2014).
This process produced a dichotomous time series of 1’s and 0’s for each interacting partner
(see Fig. 1). To ensure sensitivity to phonetic details, we resampled the time series to align
with utterance levels, defining each silence and speech segment as 1 s in duration (e.g., as
per the Situation Model by Abney et al., 2014; Pickering & Garrod, 2004).

Time Series Technique and Statistical Analyses
Categorical Cross-Recurrence Quantification Analysis (CRQA)

We employed a categorical Cross-Recurrence Quantification Analysis (CRQA) to meas-
ure speech coordination or dyadic coupling. This nonlinear bivariate correlation technique
quantifies the temporal similarity or coupling properties between time series, specifically
focusing on conversation partners (Marwan et al., 2007; Wallot & Leonardi, 2018; Zbi-
lut et al., 1998). The core of CRQA involves constructing a cross-recurrence plot, which
visually represents instances where the behaviors of the two time-series match (Cox et al.,
2016; Xu et al., 2020; Wallot & Leonardi, 2018; see Fig. 2). These recurrence measures

Line of Synchrony (LOS)

Time series “A”

Time series “B”

Fig.2 Cross-recurrence plot and diagonal cross-recurrence profile. Note: A The figure represents a categor-
ical cross-recurrence plot. In this case, the matching between the two interacting partners (time series) was
defined as one person speaking (categorized as 1) and the other person being silent (categorized as 0). In
the plot, these occurrences are represented by the blue lines or blocks, whereas the non-occurrences —both
speaking (1-1) or both in silence (0-0)— are represented by white spaces. B Diagonal Cross-Recurrence
Plot (DCRP) representation. Adapted from Wallot and Leonardi (2018). The profile can help determine the
coupling direction of time series in terms of leading and following dynamics at different lags along the line
of synchrony (LOS). Each line parallel to the line of synchrony represents a particular delay or lag in the
alignment of speech dynamics between both interacting partners. A lag of 0 indicates synchrony or simulta-
neous recurrence. In the context of turn-taking, this represents moments when both individuals are engaged
in speaking or listening at the same time, suggesting coupling, reciprocity, and attunement.
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elucidate the temporal dynamics of the interacting systems across various lags or time
scales (Marwan et al., 2007; Zbilut et al., 1998).

Given the categorical (dichotomous) nature of our data, we utilized a categorical form
of CRQA. Each interaction partner’s behavior was coded as “1” for speech and “0” for
silence (see Fig. 1). A match (recurrence) is recorded as a dot in the cross-recurrence plot
when one partner speaks while the other is silent (i.e., combinations of “1” and “0” or “0”
and “1”). Thus, a line in the plot represents the prolonged co-occurrence of speech and
silence, allowing us to quantify the coordination or attunement between partners during the
conversation (Reuzel et al., 2013). Recurrences in dyadic behavior can occur simultane-
ously or in temporal proximity, reflecting some delay (Cox et al., 2016).

Categorical CRQA has been successfully applied across various domains to study
the coupling between two time-series (Coco & Dale, 2014; Cox et al., 2016; Wallot &
Leonardi, 2018). It has identified rhythmic structures in complex human behavior, such as
speech and body motion (Arellano-Véliz et al., 2024a; Kodama et al., 2021). In interper-
sonal coordination, CRQA robustly identifies dynamics using categorical data in diverse
contexts, including client-therapist interactions (Reuzel et al., 2013, 2014), mother-infant
dynamics (Lira-Palma et al., 2018), and various modalities of ambulatory social behavior
(Danvers et al., 2020).

We conducted two follow-up analyses: Diagonal Cross-Recurrence Profile (DCRP) and
anisotropic CRQA (aCRQA). DCRP analyzed leader—follower dynamics by quantifying
the imbalance in turn-taking initiatives between partners. aCRQA examined differences in
nonverbal interactional dominance, measuring the extent and average duration of asymmet-
ric episodes influenced by one partner’s nonverbal behavior on the other. Definitions for all
variables in this study, including RR,,,,, (recurrence rate across the entire cross-recurrence
plot) and RR; ¢ (recurrence rate at lag zero), are provided in Table 2.

To address concerns regarding distant 1-0 or O—1 matches potentially reflecting chance
coordination—especially when using global measures like RR,,,,—we compared rand-
omized (shuffled) data to real data, following the pseudo synchrony paradigm (Bernieri
& Rosenthal, 1991). Coordination typically decreases with lag, a trend observed in body
motion synchronization studies (Tschacher et al., 2018). This decline can be assessed using
tools like DCRP. Validating these techniques is crucial to confirm that speech coordina-
tion, including turn-taking at both zero and global lags, differs from random occurrences.
Incorporating a global measure of coordination (RR,,,,) allows for capturing long-range
memory influences in complex systems. Importantly, a decline in coordination at certain
lags does not indicate a lack of memory; instead, distant matches may emerge from long-
range dependencies, reflecting underlying interpersonal dynamics (see Chen et al., 2003;
Marmelat & Delignieres, 2011, for discussions on long-range dependencies and complex-
ity in coordination).

Diagonal Cross-Recurrence Profile (DCRP)

We utilized Diagonal Cross-Recurrence Profile analyses (DCRP) to assess the bal-
ance and imbalance in leader—follower dynamics during dyadic conversations (Rich-
ardson & Dale, 2005). DCRP quantifies the number of recurrences at various lags
along the main diagonal, or Line of Synchrony (LOS), of the cross-recurrence plot
(see Fig. 2B; Wallot & Leonardi, 2018; Tomashin et al., 2022). The LOS captures
instances of simultaneous matching behaviors at lag-zero, specifically when one par-
ticipant speaks (code “1”’) while the other is silent (code “0”). The diagonals parallel

@ Springer



Journal of Nonverbal Behavior (2025) 49:85-123

96

[ UOTOBIAIUL SIKUD Y} SuLinp Surpesy st sioupred
Sunoeioiul 3y} Jo SUO UM UOTENIIS A sjudsaIdar
1 pue ‘(Suimojjoj pue Surpes] Afjenbe o°1) uonovIAIUL

pasuereq A[91e[dwoo e sjuasardar () a1oym ‘Qinseawt sIy) ¢z+1'(9 pue gz 's314 99s) 44O
WO} PALISFUI 3q UBD SOIWEBUAP JomO[[0j-3uIpea ,'SOT oY) unyim ‘Afanoadsar ‘§OrT 9yl Jo soprs JySLI pue
9y Suore sopIs JYSILI pue 1Jo] SY) UIIM)Iq ddUB[RqUUIT 1J9] 9Y) UO S3IBI 9OUSLINIAI 3Y) 0) 13Ja1 Yy pue “¥Hypy (a1mjosqp) 44245
/a0uR[Rq JO 93159p [[BIGAO 2IN[OSqE A} Sajedtpur 440 |(FRygag M3y = Py 1By )| FQifouad 20U.LINIY §SO1D) [PUOSDI(] JO JUIOND
(d¥0Q) so1uvud(q Surmo)joq-sutppay
| (A1sno

-ouR)[NWIS) 0I9Z-Fe[ I8 SAOUI[IS pue ‘suondnirigur 10w ¢z AUOIYOUAS Jo dFeIuacIad oy syuos
‘UoTRUIPIO0D $SI[ sAyeaIpur SOy 1omof € ‘A[os1oatuo))  -axdar 3] *(A[SnoSuBIMWIS) IND30-00 SOUI[IS pue yooads

*SUOTJORIOIUI DAISUOASAI “QI0JoIY) ‘pUB SWIT) dUIES I} 8 Q19yM Sedue)sul oY) syudsaidar AuoryouLks jo ourf

UOTIRUIPIO0D SN[} AOUI[IS PUE [o33ds JO 9OUALINID0-0 a3 uo (Suryojewr) 90ua1IMdAI Jo (uontodord) ayer ayJ,

arow s3sa33ns $07yyy 10ySTH (Snosue)nuurs) o1oz-3e| (sarias awir ay1 Jo y18ua))Kuoayouds fo auiy ay1 Jo SOTypyy
e yoaads ur Surdnoo 1o Auoryoudks jo amseawr e st 50Ty y18uap + Kuoayouds Jo auy ayp uo spurod juarindai fo wng Kuoayouds fo aury ay1 ySnodyy vy 2oULINIY

IOTARYQQ SWAISAS
x9[dwod ur uowwos are jey) suia)ed UONBUIPIOOD
a3ue1-3uof 1o saydjew d3uel-3uo sarnded uoreuIpIO0d

Jo dunseawt [eqo3 siy L, ;"Surjdnood jo uroned remnsar 11 (890U21IMY20 10 ‘0-1)
9IOW B U ‘SOOUR[IS ‘SuondniIojul 210w ‘UONBUIPIOOD JUS[IS Sem Joto oY) diym Suryeads uosiod suo se pay
$s9[ sareoIpur P4°Pyyr (19)MO] V7 “suonorIauI SATsuodsar -10ads sem Suryojejy "10[d S0UALINIAI-SSOID AU I}
pue paInonns a1ow pue ‘(soposida Suryel-uiny ur juou SSOIOR SOLIOS QW) 0M) ) UdaMmIaq (saydjewr) sjutod
-o3e3u9 191e213) s3e] 9[qIssod [[B SSOIOE UOTJBUIPIOOD Jua1INd2I Jo (uoniodoid) d)el [[BISA0 9} SAINSLIN
yooods atow sajeotput "4 yyr 1oySTH “(skeep) sSer 10]d 20U2.04122.4-SS0.4D fO 3218 124018y pny
a[qrssod [[B $S0108 UONRUIPIO0d SARWNSS PPy ays + 10)d 20udLN2.4-55040 Wt sputod UL o wng 2IDY 2IULLINIRY
dIDA/VOII—(8uijdnod) uoupuipi00) 422adg 111240
uonejardiauy uondrIosap pue B[NULIO aImsea

suonejaIdiaul pue ‘uondrIosap ‘saInseaul :SISA[eU. UoneOynuenb 90Ua1IMOAI-SSOI) g d|qel

pringer

a's



97

Journal of Nonverbal Behavior (2025) 49:85-123

(T202) AVILVIN U0 (x0q[o0ldD/op wepsiod-yid £sooy//:sdny Je aqu[reat p70g) X0q[oo)

AD s.uemIey Suisn pauriojrad a1om saskreue vOIUD (9107) ‘Te 19 X0D p “(8107) 1pTeuoa] pue 10[[eM . ‘(SO0T) 28 PUe UOSPIRYOTY - {(1[0T) T8 12 [9ZNY |:SA0UdIYY

oui], Surddeiy, 77 ‘Auoryoukg jo aury §O7 “AIeurwe Wy "9[Jold 90ULINdYY sso1) [euodeiq

Jd¥Dd sish[eue uoneoynuenb 9ouarmMoaI-sso1) drdonosiuy YOI sisk[eue uoneoynuenb 9oUaIINDI-SSOI) YO 1By 20UaIINddy Yy 0[d 20uarmoay-sso1) 1opd yoH

wA)SAS JIPRAP [oBa JO SIOQUIW A} USIMISq INSLIUL
ST UTYITM QOUSISHIP 93 JO 2215 Y} sa1njded 90udIafIp
SAIIB[DI AU} JO AN[BA AN[OSQE Y], ,"A11415U0dSs2.1 1O
£n141715U25 TRUOTIORISIUT JOYSIY € JO SAIIBIIPUL 9q UBD
3] "JOYJOUE QUO OUINYPUI s1oyeads Yloq dIoym ‘Suor
-oeIo)ul [R001dIoar JJ1ms s3sa33ns own Jurddern 1o110ys
V "90URUIWOP [BUONORIUI [RQIOAUOU JO JIYIO ) UO
Ioyeads QUO JO 9OUSNUI PAUTEISNS B SOJEdIPUT QW)
Surdden 1a8u0] v “A[oanoadsar ‘yosads pue 20ud[Is jJo
sopostda .a5.10ys 10 1281u0] A[aATyea Ut Jou)red 19710 o)
(,den,) pes| seposida aouaqis pue yosads s Jourred suQ

WoJSAS OIPeAp [oe JO SIoquId
) U9IM]Dq 2INSEIW ST} UNIIM QOUIJIP 3Y) JO 2218
Ay sarnded 9OUSISYIP SATIR[AI Y} JO AN[BA AN[OSqE YL,
IOUJO A} JOAO PEI[ ) SAe) A[JUS)SISU0D
Kpoqou uaym UOT)ORIAIUI , PIdue[eq,, d1ow & sarjdur
@V pryT MO |, UONESISAUOD BY) UL [EHUINPUL IO JuBU
-Twop,, 210w SI SNy} pue ‘1oujred 3y} 0) J01AeYyaq Aerdsip
0} sanrunyzoddo 1930 9y} $AIS 10 _ Spiojje,, uosiad suo
90UQH "IOYJO oy} Ur Yodads 10 9oUd[Is JO soposido s109)s
SIY) SOUQIS puk Sury[e) Y} SABNIUT U}JO 210w Joujred
STIpeAp QUO J] *9OUBUIWIOP [BUOTIORIUI [EQIQAUOU SUOT)
-0BIOUI Ay} UI opmIuSews s ANOWWASE [[EISA0 Y} §)ST
-3ns A)Lreurnwe] Ut 90ULIAJIP AATIRAT IOYSTY Y 9durU
-IWOP UOTJESISAUOD 3JeIIPUI SUI)ed JRUTe] JLoWWAS Y

+19U10 9} UO 30UD
-Ngur s, We)sAs auo Jo doud)sisiad [erodwe) o3eIoAe o)
sognuenb J] "weIsAS 10710 9y} Jo JoTArYaq oY) sarmded

10 ,sden, woIsAs auo yorym Joj uoneInp A3eloAe )
sognuenb swy, Surddery, ‘Ajoanoadsar (. g, soured Jur
-)OBIIUI) SAUI[ [RIUOZLIOY pUe (., Joulred Suroerojur)

424

eonieA jo owr], Surddery, oyy o3 103011 7 pue 11

e e

I L+ LN L =" L))

vy
(2moysqv) YOI
ordoajosiuy Jo awiry Surddp.] ur 20ua4affiq 2a1I]aY

, SIouIEd [EUONESIOAU0D UIMIq

sotureukp (9oue[eq) SUIMO[[0J-SuIpes] Ay} UI SUOTIRLIBA
Sunospar ‘([Eo1)I9A PUR [BJUOZLIOY "9'T) SUOTIOAIIP
oyr1oads Suore AyLreurwre] oy saredwod Ajreurwey ur
QOUDIQYJIP SATJR[I IN[OSQER Y], “UOTIBSISAUOD dY) JO
sorweuAp oy ur suraned [eroraeyeq paxy pajeadar jo
sporrad Suneorpur ‘gyDH (7 9y} Ul SaUI| [eIUOZLIOY pue
[eonIaA jo aouasaxd ayy soynuenb jey) aInseaw 20Ul
-oa1 e St Ajreurwe | ‘A[oAnoadsar ‘(.. g, soured Sur

-JoeIo)uI) SAUI| [e)uoZLIoy pue (,V,, Joured Sunoeiayur) @Y v
[BonIA JO AILIRUIWIR | 9y 01 19Ja1 ‘Y yT pue MWy ‘(agnjosqn)
WY+ YD IV T=" YT VO¥D drdososiuy Jo Grvupun ut 2ouaaffiq 2a1v)y

(VOJIDP) 2oupuiuio(] [PUOYIDIIIU] [DGIIAUON UI SILUIUULS Y

Ecﬁmuuumuvﬁﬁ

uondLIdsap pue B[NULIO QINSeIN

(ponunuoo) zs|qey

pringer

NS


https://tocsy.pik-potsdam.de/CRPtoolbox

98 Journal of Nonverbal Behavior (2025) 49:85-123

to the LOS display instances where these recurrences (matching behaviors) occur with
some delay, which increases the further one moves away from the LOS. The distribu-
tion of recurrences at one side of the LOS indicates how much (and how quickly) the
behaviors of one participant in the time series are followed by the matching behaviors
in the other participant for different lags. Importantly, it is likely that the recurrences
on both sides of the LOS are asymmetrically distributed (Wallot & Leonardi, 2018),
creating a diagonal cross-recurrence profile (DCRP). The DCRP quantifies leader—fol-
lower imbalances in the conversation (Dale et al., 2011; Lopez Pérez et al., 2017).
We computed the absolute Quotient of the DCRP (Qpxp) to indicate the overall con-
versational imbalance in leading and following between the interaction partners (see
Table 2; Richardson & Dale, 2005; Dale et al., 2011).

Anisotropic CRQA (aCRQA)

To further investigate asymmetries in nonverbal interactional dominance during con-
versations, we employed Anisotropic Cross-Recurrence Quantification Analysis
(aCRQA; Cox et al., 2016; Xu et al., 2020). Categorical time series typically form rec-
tangular structures in cross-recurrence plots, indicating coupling between the two part-
ners (see Fig. 2A). aCRQA quantifies the relative influence of each interacting part-
ner by capturing matched behaviors over time, separately assessing the distribution
of vertical and horizontal structures in the cross-recurrence plot (Cox et al., 2016; Xu
et al., 2020). These structures represent behaviors from one partner that are matched
by the other over extended periods, indicating how one partner may dominate or lead
the interaction. The distinction between horizontal and vertical structures reveals the
extent to which one interaction partner influences the other. aCRQA analyzes these
lines separately and quantifies their relative differences in terms of quantity and length,
with variations indicating asymmetries in dominance—specifically, unequal coupling
strength between the interacting partners (Cox et al., 2016; Lopez Pérez et al., 2017).

To quantify overall conversational asymmetries, we focused on two measures: Rel-
ative differences in Laminarity (LAM,p) and Trapping Time (T7,gp) (see Table 2).
Asymmetries in nonverbal interactional dominance indicate that one of the interac-
tion partners tends to exhibit more control, capturing the other partner into match-
ing behaviors for extended periods (van Dijk et al., 2018). This is not necessarily
a negative aspect of the interaction, as the term ‘dominance’ might suggest. In this
context, dominance describes potential asymmetries in the coupling strength of the
dyadic system. We specifically examined turn-taking dynamics—episodes of speech
and silence—represented by horizontal and vertical rectangular structures in the cross-
recurrence plot. These structures illustrate how each partner creates opportunities for
interaction. Thus, nonverbal interactional dominance, as reflected in these patterns, can
positively enhance social communication by facilitating conversational flow.

We used absolute values for Qpcrp, LAM 4gp, and TT,xp, to represent the size of
the behavioral differences for each dyad. These values, derived from Diagonal Cross
Recurrence Profiles and Anisotropic CRQA, provide a single measure per dyad,
reflecting the dynamics at the dyadic level. This approach allows us to pair the dyadic
measure with the personality traits of each partner. However, it is important to note
that we can only assess how the personality traits of both partners affect the overall
dyadic measure.
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Models

We performed maximum likelihood mixed-effects models with two levels to test our
research questions regarding interpersonal coordination of speech, task effects, and person-
ality traits. Level 1 was the task or type of conversation (3 observations), nested within the
dyadic structure (Level 2). We employed the "Ime4" package in R, using the Satterthwaite
method for calculating degrees of freedom and significance, as it is particularly suited for
small sample sizes and complex model structures (Bates et al., 2015). First, we explored
the effect of task on various outcomes,” including speech coordination, leader—follower
dynamics, and nonverbal interactional dominance. The predictor variable was the task
(conversational topic), treated as a categorical variable with three levels (introduction, self-
disclosure, and argumentative), with the introduction serving as the baseline. The response
variables were RR ., RR 05 Opcrps LAMygp, and TTgp, respectively. Next, we mod-
eled the effects of the personality traits of Extraversion and Agreeableness alongside the
tasks on the same response variables.> We reported both estimates and standardized beta
weights () which can be interpreted as effect sizes (e.g., Paxton & Dale, 2013). For linear
mixed effects, all continuous predictors were standardized before being incorporated into
the models to obtain beta weights. Particularly, personality variables were centered by sub-
tracting the mean and scaled by the standard deviation (R core team, 2022).

Subsequently, we investigated the impact of speech coordination and nonverbal interac-
tional dominance on participants’ perceptions of the interactions (appraisals assessment)
using general linear models. We selected as predictors one variable of speech coordina-
tion (RR; ) as this is the basic measure that provides information on speech coordination
simultaneously (lag-zero); a variable informing about leader—follower dynamics from the
DCRP analysis (Qpczp), and one about nonverbal interactional dominance extracted from
aCRQA (LAM ,gp), which provides information about the extent of asymmetries in non-
verbal interactional dominance. The items from the perception of interaction questionnaire
served as the response variables, while the predictors included speech coordination, inter-
actional dominance variables, and personality traits.* To address potential Type I errors
due to multiple hypothesis testing, we employed the Benjamini—Hochberg (BH) method for
p-value correction (Benjamini & Hochberg, 1995).

2 Mixed-effects models were preferred to assess the effects of task conditions alone, ensuring a clear under-
standing of the impact of the task preserving the dyadic structure, improving generalization by accounting
for fixed and random effects (see Bates et al., 2015). Subsequently, the personality predictors were modeled
in conjunction with the task conditions. This approach helps isolate the effects of the task conditions from
the variables included in the subsequent models.

3 The models followed the structure (‘lme4’ R package): [RR; s~ (Extraversion A * Extraversion B) *
Task + (1IDyad)]. See Bates et al. (2015) to consult the syntax structure and package details. In this exam-
ple, Extraversion A and B correspond to the scores of each interacting partner. The same procedure was
employed for the other response variables and Agreeableness. See equations in the supplementary materi-
als.

* The models followed the structure (example): Perception of Interaction Variable 1~RR, s * (Extraver-
sion A * Extraversion B).

3> The BH procedure controls the false discovery rate (FDR) by ranking p-values from smallest to largest
and comparing each to a threshold adjusted for its rank (Benjamini & Hochberg, 1995). This method allows
for a flexible balance between detecting true effects and limiting false positives compared to more conserva-
tive methods like Bonferroni. Particularly in studies with several hypotheses, as it provides a less stringent
threshold for declaring significance while still controlling the expected proportion of false positives. It is
also less conservative for small samples. Therefore, BH strikes a better balance by controlling FDR, reduc-
ing the likelihood of Type II errors while still addressing the issue of false positives (Benjamini & Hoch-
berg, 1995).
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Results

Descriptive statistics for all variables are provided in Table 3. Average speech time
in seconds was the longest when participants introduced themselves (mean=467.14,
SD=78.53), followed by self-disclosure (mean=456.4, SD=_84.04), and shortest during
the argumentative conversation (mean=445.92, SD=86.94).

Using mixed-effects models we assessed whether dyadic speech coordination,
leader—follower dynamics, and nonverbal interactional dominance differed across the
three conversation topics. The Introduction task served as the baseline and we examined
response variables including the Recurrence Rate Global (RR,,,,,), Percentage of Speech
across the Line of Synchrony (lag-zero) (RR, ), Quotient Diagonal Cross-Recurrence Pro-
file (absolute) (Qpxrp)- Relative difference of anisotropic Laminarity (LAM ), and Rela-
tive difference of anisotropic Trapping Time (77 p; descriptives are provided in Table 3).
Cross-recurrence plots of dyads during the three tasks are illustrated with one example in
Fig. 3. Mixed-effect models estimates are provided in Fig. 4 and Table 4.

Interpersonal Speech Dynamics of Speech by Conversation Topic

Our global measure of speech coordination (RR,,,,) differed between conversational top-
ics (see Fig. 4A), being lowest during the introduction and highest during the argumen-
tative conversation (argumentative > introduction, t(100)=2.86, p<.01), which aligns with
Hla, and indicates higher coordination of turn-taking behaviors across all lags. Similarly,
imbalances in leading-follower dynamics (Qpcgp) Were higher during the argumentative
conversation than during introductions (argumentative > introduction, (o9 =2.92, p<.01),
in line with H1b (Fig. 4C). This indicates imbalances between the interaction partners’ ini-
tiative in turn-taking: one of the participants initiated or led more during dyadic conversa-
tions than the other who followed more (see Table 4).

o

. Categorical CRQA Plot Introduction b. Categorical CRQA Plot Self-disclosure  c. Categorical CRQA Plot Argumentative

Time Series 2
Time Series 2
Time Series 2

Time Series 1 Time Series 1 Time Series 1

Fig.3 Cross-recurrence plots. Note: Cross-recurrence plots depict interaction dynamics in three tasks: A
Introduction, B Self-disclosure, C Argument. The horizontal and vertical axes, “Time Series 1” and “Time
Series 2” respectively, represent the time series of both interacting partners. Vertical lines represent tempo-
ral influence from one partner to the other, while horizontal lines signify reciprocal influence. Dark lines
indicate matching behavior (speaking/silent); and white spaces indicate non-matching behaviors (e.g.,
simultaneous talking or silence). In the introduction (A), scattered patterns suggest exploratory interaction,
with instances of one participant leading. Self-disclosure (B) shows pronounced matching blocks, indicat-
ing one participant’s stronger influence. In the argumentative task (C), behaviors are evenly distributed,
reflecting mutual temporal influence and response between participants
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A B
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Fig.4 Estimated Marginal Means of topic predicting each CRQA, DCRP, and aCRQA measure. Note: *
p<.05, ** p<.01. The plots represent the estimated marginal means for each measure of speech dynamic
organization. The central points or markers represent the adjusted means of the response variable for dif-
ferent levels of the predictor variables, accounting for the effects of other variables in the model. The blue
bars are confidence intervals for the Estimated Marginal Means, and the red arrows indicate comparisons
between the means of the tasks with the baseline task (introduction). CRQA = Cross-Recurrence Quantifica-
tion Analysis, DCRP =Diagonal Cross Recurrence Profile. aCRQA = anisotropic Cross-Recurrence Quan-
tification Analysis. RR,,,,,=Global recurrence rate (speech coordination at all lags). RR; ,5=Recurrence
rate across the line of synchrony (lag-zero). Qpcrp=Quotient of Diagonal Cross Recurrence Profile (bal-
ance in leader—follower dynamics). LAM 4z, =Laminarity absolute relative difference (asymmetries in non-
verbal interactional dominance). 77, =Trapping Time absolute relative difference (duration of episodes
of nonverbal interactional dominance)

During self-disclosure conversations the dyads showed greater asymmetries in the aver-
age duration of nonverbal interactional dominance episodes (or “trapping” episodes) than
during introductions (T7,gp self-disclosure > introduction, #(100)=2.43, p<.05). Simi-
larly, during the self-disclosure and argumentative conversations dyads showed longer
“trapping” episodes (higher 77, #(100)=2.14, p <.05), in line with H2c (see Fig. 4E).
Specific task effects were not significant for RR; g and LAM 5, suggesting that speech
coordination at lag-zero and the overall asymmetries of nonverbal interactional dominance
did not significantly differ across tasks in our sample (see Figs. 4B and D, respectively).

The findings highlight that different conversational contexts—introduction, self-dis-
closure, and argumentation—impact speech coordination, leader—follower dynamics, and
the duration of nonverbal interactional dominance. Argumentative conversations exhibited
increased speech coordination and greater imbalances in leader—follower dynamics, while
self-disclosure and argumentative interactions led to longer durations of nonverbal interac-
tional dominance compared to introductions.

To assess the difference between real and random recurrences, we shuffled the time
series while preserving the dyadic structure. We then averaged the DCRPs and compared
the recurrences for each conversation topic (see Fig. 5A for real data and 5B for shuffled
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Fig.5 DCRPs by topic and personality combination. Note: The plots represent the DCRPs of speech coor-
dination (turn-taking match) by topic with real data (A), the profiles with shuffled/randomized data (B), and
real profiles by personality combination (C). The zero on the “x” axis (dashed line) represents the line of
synchrony (LOS) corresponding to lag-zero. The “y” axis indicates the RR (percentage of recurrence rate),
representing speech synchrony (or coupling) between interacting partners during the complete 15-min con-
versation. Lags to the sides of the line of synchrony line suggest that one behavior (i.e., speaking) is lead-
ing, and the other behavior (i.e., listening) is following after a certain time delay. This indicates a temporal
pattern where one person initiates a turn, and the other responds after a specific duration (in seconds). In
descriptive terms, in A, task 3 exhibits the highest RR, and task 2, the lowest. B (randomized data), there is
no evidence of coordination in the line of synchrony (lag-zero). C the dyads composed of a person high and
low in Agreeableness represent the highest RR and therefore, the strongest coupling, while the lowest RR is
visualized in the dyads composed of two individuals with low scores on Extraversion. B regarding dyadic
personality combinations: “E4++" and “A++" =high/high scores; “E--" and “A--"=1low/low scores; “E+-"
and “A+-"=low/high scores. To plot the different dyadic compositions, thresholds of 0.5 SD were applied
for high/low (e.g., Li et al., 2020) and only for visualization purposes

data). This allows for visual inspection, confirming that observed coordination effects,
especially at lag-zero disappear when the time series are shuffled. T-tests comparing real
data in the global measure of coordination at all lags (RR,,,,) to chance revealed sig-
nificant differences for all three conversation types. For the Introduction phase (t=-5.12,
p<.001, 95% CI [0.44, 0.47]), Self-Disclosure (t=-5.17, p<.001, 95% CI [0.44, 0.48]),
and Argumentative phase (1=—-2.76, p=.008, 95% CI [0.46, 0.49]).

Speech Coordination and Personality

To estimate how personality differences predicted speech dynamics, we fit mixed effects
models that revealed how higher scores on Extraversion predicted global speech coordina-
tion (RR,,p,) across conversational topics. Having at least one extravert in a dyad predicted
lower global speech coordination during argumentative conversations compared to intro-
ductions (p=-0.22, #(100)=-2.04, p<.05; see Table 5, Model 1). Extraverts often had
higher speech coordination levels (RR,,,,, see Table 5), indicating attunement in conver-
sations and turn-taking dynamics across all lags, and all conversational topics (aligned to
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H2a). Conversely, introverted participants exhibited the most significant variation between
conversation types, showing the lowest RR,,,,, during introductions and the highest during
arguments (see Fig. 6A). Dyads with extraverted participants coordinated smoothly in all
conversation topics (high RR,,,)- In our analyses, Extraversion and Agreeableness were
considered separately to isolate their unique contributions to speech coordination. This
decision was based on both theoretical distinctions between these traits and the empiri-
cal observation that their correlation in our sample was weak (r=0.14, p=.16). Analyz-
ing them in separate models allowed us to better capture their specific influences without
potential over-adjustment or dilution of effects.

In terms of Agreeableness, at least one partner with high scores predicted reduced
global speech coordination during argumentative conversations compared to introductions
(RRglobal’ see Table 6, Model 1; f=-0.26, 1(100)=-2.37, p<.05). This finding counters
H2c and may reflect more silences or instances of simultaneous talking (overlap). Con-
versely, low Agreeableness predicted the highest dyadic global speech coordination dur-
ing argumentative conversations (see Fig. 6B), supporting H2e. For the line of synchrony
(RR;s), only Agreeableness predicted significant differences during argumentative tasks
versus introductions (p=-0.18, 1(100)=-2.01, p <.05). Here, lower Agreeableness scores
predicted strong coordination (RR; s, see Table 6, Model 2), in support of H2e, which sug-
gests increased turn-taking dynamics, attuned and swift conversational exchanges without
delay (at lag-zero).

In summary, Extraversion significantly predicted global speech coordination across con-
versational topics, with extraverted individuals showing greater engagement in turn-tak-
ing. Introverts exhibited the most pronounced differences, with coordination lowest during
introductions and highest during arguments. Agreeableness also impacted speech dynam-
ics, particularly in argumentative contexts, where higher scores correlated with reduced
coordination and potentially more overlaps or silences. Overall, while high Extraversion
was consistently linked to greater speech coordination, high Agreeableness demonstrated
nuanced effects that varied by conversation topic.

Leader-Follower Dynamics and Nonverbal Interactional Dominance

When exploring the balance of leader—follower dynamics the models based on the Quotient
of Diagonal Cross Recurrence Profiles (Qpczp) exhibited a significant additive effect dur-
ing the argumentative task in the models of Extraversion (f=0.54, #(100)=3.02, p<.01,
see Table 5, Model 3) and Agreeableness (f=0.50, ta00)= 2.81, p<.01, see Table 6, Model
3). During the argumentative conversation, the leader—follower imbalances strengthened
(more Qpcgp), thus one of the interacting partners typically took the initiative, e.g., spoke
first while the dyadic partner followed those rhythms. There were no significant effects of
Extraversion linked to leader—follower dynamics (H3a not supported).

Higher Agreeableness scores predicted more balanced interactions (lower Qpzp) dur-
ing the self-disclosure compared to introductions ($=0.56, 7.4y, =3.06, p <.01). However,
during self-disclosure tasks, higher Agreeableness was associated with greater leader—fol-
lower imbalances (high Qpcrp) When self-disclosing, and more balanced conversations
during the introduction (see Fig. 6D), suggesting that while higher scores promote bal-
ance in introductions, they can also facilitate initiating behaviors in self-disclosure contexts
(supporting H3b). This indicates that one partner may allow the other to speak or remain
silent, effectively leading the interaction.
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To visualize the recurrence rates across different lags and leader—follower dynamics,
Diagonal Cross-Recurrence Profiles (DCRPs) were plotted across the conversation topics
(Fig. 5A). These plots showed (descriptively) the highest recurrence percentage at lag-
zero (line of synchrony) during the argumentative conversation and the lowest recurrence
rates during self-disclosure, indicating behavioral similarity and a strong and immediate
response between the participants during arguments. During the introduction, the immedi-
ate effect—as captured by lag-zero—does not prominently show the asymmetries, and as the
lags increase, asymmetries become more apparent, suggesting that interaction dynamics
evolve over time.

When examining DCRPs in relation to personality traits (Fig. 5C), we segmented dyads
into low and high personality trait scores using a threshold of +0.5 standard deviations.
The highest RR, ¢ (on the LOS or at lag-zero) was observed in the dyads composed of
low/high Agreeableness, indicating a high degree of immediate speech coordination. As
time lags increased, there was a trend toward leading-follower dynamics for these dyads,
with one individual taking the lead. This pattern was also noted in low and discordant
agreeable dyads but was less pronounced. The lowest RR; ¢ was observed in introverted
dyads, reflecting lower immediate speech coordination. This segmentation and visualiza-
tion have only descriptive purposes.

When modeling the effects of personality traits on the relative difference of Laminarity
(LAM ,pp) the Extraversion scores of both conversational partners significantly predicted

A B
3 Peeepeeereolp P BB S e e - = e Type_Interaction
B e = 3 5 =
2 2
QB) 04 = 0 -
x 3
54
T3 (p<.01**)
T3 (p<.01**) 03 Aa*T3 (p<.05*)
Ea*T3 (p<.05*)
0 1
Extraversion A (centered/scaled) Agreeableness B (centered/scaled)
C D
0.12
¢ Type_Interaction Type Interaction
©Y aQ
S &
> S -
S <> ol
T3 (p<.01*%) e i T3 (p<.01°%)
Ab*T3 (p<.05*) - D Ab*T2 (p<.01*)
1
Agreeableness B (centered/scaled) Agreeableness B (centered/scaled)

Fig.6 Effects of extraversion on RR,,, and effects of agreeableness on RRyq, RR;gs, and Qpcgp-
Note: The plots represent the significant effects of the models of Extraversion and Agreeableness on the
variables of speech coordination (RRy,,, RR;ps) and nonverbal interactional dominance (Qpcgp). The
significant effects are A: [T3. Argumentative (B=0.32, 7(,49,=2.98, p<.01)], and [Extraversion,*T3.Argu-
mentative (B=-0.22, t,4=-2.04, p<.05)]; B: [T3.Argumentative ($=0.34, #,40,=3.23, p<.01)], and
[Agreeablenessy*T3. Argumentative (B=-0.26, 109, =-2.37, p<.05)]; in C, [Agreeablenessy*T3.Argu-
mentative (B=—0.18, #op)=—2.01, p<.05)]; in B, [T3.Argumentative (3=0.50, #;4p,=2.81, p<.01)], and
[Agreeablenessy*T2.Self-disclosure (B=0.56, f;09,=3.06, p<.01)]
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LAM gy, during the self-disclosure task (model 4, Table 5; p=-0.42, 7,09=-2.32,
p<.05), with similarities in Extraversion associated with lower LAM,,, (Fig. 7A). This
suggests that greater personality similarity in Extraversion results in symmetrical conversa-
tional dynamics and reduced nonverbal interactional dominance. In contrast, higher asym-
metries were found in dissimilar dyads, where one partner tended to dominate nonverbally
(aligning with H3a).

Regarding Agreeableness, differences between conversational partners predicted
LAM ;gp during the argumentative task (B=0.36, 7,09)=2.74, p<.01; see Fig. 7B). Specifi-
cally, greater differences in Agreeableness were related to lower asymmetries in nonverbal
interactional dominance, while similarity, particularly among highly agreeable individuals,
predicted higher asymmetries, indicating stronger influence from one partner’s behavior on
the other (contradicting H3b).

Finally, regarding Trapping Time 77, no significant effects were linked to personal-
ity traits. Only the type of conversation, self-disclosure, and argumentative significantly
explained differences in 77,5, in both models of Extraversion (Table 5, Model 6) and
Agreeableness (Table 6, Model 6). In both cases, the average duration of the asymmetries
was expected to be higher and last longer during the self-disclosure and argumentative con-
versations than the introduction.

Perception of the Interactions (Appraisals)

Finally, we modeled the effects of personality differences (Extraversion and Agreeable-
ness, analyzed separately) of both conversational partners on our speech coordination var-
iables (RR; 5 Opcrp and LAM,p) in separate models to assess each of the appraisals
reported by participants after their conversations (see the methods section for more details
about each model). We corrected p-values for multiple hypothesis testing using the Benja-
mini—Hochberg procedure (1995). The supplementary materials contain detailed tables of
all models and figures with significant effects.

Inclination for Communication (Need to Communicate with a Partner)

Extraversion scores predicted a higher need to communicate with the interacting partner
(B=0.10, p <.05) without interaction from other variables. Both higher Extraversion levels
of the interacting partners and increased speech coordination (RR; ) were associated with
an increased perceived need to communicate (f=0.11, p<.01), as indicated by enhanced
coordination of speech across the line of synchrony (model 1, Table S1, Figure S1.A). In
this context, speech coordination (RR;,g) reflects greater reciprocity and attunement in
speech-silence matching, characterized by more time spent talking, fewer pauses, silences,
and interruptions. Introverted dyads exhibited the lowest inclination for communication
overall. In discordant extroverted dyads (low/high Extraversion), a decrease in speech coor-
dination (RR; ) was associated with an increased need for communication. For Agreea-
bleness, the interaction effect between the scores of both conversational partners predicted
decreases in the need for communication among low agreeable individuals in the LAM 5,
model (p=-0.08, p<.05) (model 1, Table S5, Figure S1.B); conversely, the presence of
at least one agreeable individual in the dyad (discordant dyads) predicted an increased
inclination for communication. No significant effects were found for speech variables and
Agreeableness.
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Using the Partner’s Behavior as a Guide for Own Behavior

Asymmetries in nonverbal interactional dominance were observed in the LAM 45, model,
where lower Extraversion scores were associated with greater perceived behavioral adjust-
ments to partner cues (§=-0.14, p <.01) (model 2, Table S2, Figure S2.A). An interaction
effect between Extraversion scores (of one interacting partner) and LAM,, indicated that
lower Extraversion scores were associated with higher asymmetries (higher LAM ;) and
predicted increased perceived behavioral use of partner cues (§=0.27, p<.05). A three-
way interaction also showed that Extraversion scores of both partners (§=0.23, p <.05)
predicted lower symmetry (lower LAM ,,p) in discordant dyads. The perceived alignment
to partner cues was more pronounced among introverts, whereas high asymmetry (high
LAM ,p) led participants to align their behavior with their partners’ behavior, particularly
in discordant (low/high) and extroverted dyads, indicating a more pronounced nonverbal
interactional dominance.

A 1. Introduction 2. Self-disclosure 3. Argumentative
p<.05*

Q

3

=

<

~ g

Extraversion A (centered/scaled)

Extraversion B (centered/scaled) ---— 5 - —

B 1. Introduction 2. Self-disclosure 3. Argumentative

Agreeableness A (centered/scaled)

Agreeableness B (centered/scaled) - --- 5 —— —_—

Fig.7 Effects of Extraversion and Agreeableness on LAM . The plots show the effects of Extraver-
sion (A) and Agreeableness (B) on LAM,g,. A and B correspond to separate models (see Tables 6 and
7). A the effect of Extraversion,*Extraversiong * (2)Self-Disclosure is statistically significant (f=-0.42,
taooy=—2.32, p<.05). B the significant effects are Agreeableness,* (3)Argumentative ($=0.42,
faooy=2-44, p<.05), and Agreeableness,* Agreeablenessy*(3)Argumentative ($=0.36, 79 =2.74,

p<.01)
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In the Agreeableness model with LAM 5, as a predictor, the interactive three-way effect
(B=0.27, p<.05) suggested that during lower nonverbal interactional dominance (lower
LAM ,p), highly agreeable dyads were more likely to use partner behavior as a guide for
their own. However, in discordant agreeable dyads, the interactive effects indicated that
agreeable individuals exhibited initiating behaviors, while disagreeable individuals aligned
their behavior with partner cues when LAM 4, was higher. This suggests that highly agree-
able dyads tend to utilize partner behaviors, contributing to symmetrical interactions (lower
LAM ,zp). In contrast, agreeable individuals may take the initiative when interacting with
disagreeable partners, while disagreeable individuals align their behaviors with partner
cues during higher LAM 5, (nonverbal interactional dominance asymmetries).

Attempts to Lead the Conversation

The Agreeableness of at least one conversational partner and the (im)balances in the con-
versation (Qpcgp) significantly predicted perceived attempts to lead the conversation.
Increases in imbalances in leading-following dynamics (Qpqxp) predicted an increased per-
ceived attempt to lead the conversation by low agreeable individuals (B=0.17, p<.05). A
three-way interaction involving the Agreeableness scores of both conversational partners
and the interaction balance (Qpgp) indicated that in dissimilar dyads (low/high), higher
imbalances (Qpcgp) predicted increases in perceived attempts to lead by low agreeable
individuals (p=-0.32, p <.05) (model 3, Table S6, Figure S3).

“Smooth, Natural, and Relaxed” Conversations

Agreeableness positively predicted reports of smooth, natural, and relaxed conversations
when considered without interaction from other variables (p <.05) (model 6, Table S4,
Figure S4.A). However, the interaction between Agreeableness and speech coordination
(RR;s) was negatively related to perceptions of the conversation as smooth, natural, and
relaxed (B=-0.35, p<.05). This suggests a trade-off effect, where while Agreeableness
and speech coordination (at lag-zero) may enhance aspects of a conversation (e.g., interper-
sonal attunement), they could also contribute to a perception of less relaxation and natural-
ness, which will be discussed further in the discussion section.

Felt Accepted and Respected by Partner

Overall, a main effect indicated that higher Extraversion scores were associated with
increases in perceptions of being accepted and respected by the interacting partner
(B=0.25, p<.01); lower scores on Extraversion predicted decreases in this perception
(model 9, Table S2). No significant effects were found for Agreeableness and speech
coordination variables, implying that these factors might not directly influence feelings of
acceptance and respect in conversation, or their effects could be more subtle or complex.

Desire to Interact More with Partner in the Future

Only Extraversion and speech coordination (RR;,q)—such as speech-silence attune-
ment, reciprocity, and fewer silences and interruptions—increased participants’ willing-
ness for future interactions (model 10, Table S1, Figure S4.B). High Extraversion scores
of at least one interacting partner and increased speech coordination predicted a higher
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post-conversational desire to interact in the future (3=0.46, p <.01). This implies that both
personality traits and conversation dynamics significantly influence the desire for future
interactions.

Enjoyment of the Interaction

High Extraversion (of at least one interacting partner) and higher speech coordination
(RR; ) were associated with increased enjoyment of the interactions (f=0.28, p <.05)
(model 11, Table S1). Conversely, for introverted individuals, higher speech coordina-
tion predicted decreased enjoyment. The effect of both conversational partners was sig-
nificant (three-way interaction), with highly extroverted dyads enjoying conversations
with higher speech coordination more (=0.42, p <.05) (Figure S5.A). In more dissimilar
dyads (extroverted/introverted), lower speech coordination was linked to increased enjoy-
ment. The Extraversion of both interacting partners and asymmetries in nonverbal interac-
tional dominance (LAM ) showed that lower asymmetries and high Extraversion scores
of both interacting partners predicted increased enjoyment (f=-0.25, p<.05) (model
11, Table S2). When asymmetries (LAM 455) increased, enjoyment increased for discord-
ant dyads (introverted/extroverted). Furthermore, introverted dyads were associated with
decreased enjoyment compared to other participants, regardless of other interpersonal
speech dynamics in the conversation. Regarding balance in leader—follower dynamics
(Opcrp), a three-way interaction indicated that increased imbalances —where one partner
tended to initiate/lead or act first, either by speaking or being silent— were predictive of
enjoyment in extroverted dyads (p=0.44, p<.05), while in discordant dyads (introverted/
extroverted), more balanced interactions (Qpczp) Were predictive of increased enjoyment
(model 11, Table S3, Figure S5.C).

Perceived Partner as Likable

The main effect of Extraversion indicated that increases in this trait were positively asso-
ciated with increases in the report of liking the conversational partner (=0.14, p<.01)
(model 14, Table S1, Figure S6.A). Similarly, the interaction effect between Extraversion
scores and increases in speech coordination (RR; ) predicted increased reports of liking
the conversational partner (f=0.49, p <.05). Conversely, decreased scores on Extraversion
and lower values of speech coordination predicted increases in liking the other person. The
three-way effect between the Extraversion scores of both partners and speech coordination
suggested that in extroverted dyads, increases in speech coordination were associated with
liking the interacting partner to a greater extent, whereas in discordant dyads (introverted/
extroverted), decreases in speech coordination (indicating silences) were associated with
liking the other person (§=0.21, p<.05) (model 14, Table S1). These effects may indicate
that introverted and extroverted individuals valued different aspects of the conversation.
Extraverts seemed to appreciate a more dynamic conversation, while introverts may find
value in moments of silence or pauses during interactions. The distinction in preferences
between introverted and extroverted individuals is particularly salient in discordant dyads.

Perceived Partner as Empathic and Understanding

Finally, increased Extraversion scores were associated with a heightened perception of
the conversational partner as empathic and understanding (main effect, f=0.02, p <.05).
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Additionally, the interaction between Extraversion and nonverbal interactional dominance
(LAM ) revealed that lower asymmetries and higher Extraversion predicted greater per-
ceived empathy and understanding, while lower Extraversion scores coupled with increased
asymmetries were linked to higher perceptions of empathy (f=-0.31, p <.05) (model 15,
Table S2, Figure S7). These results reflect how personality differences shape appraisals of
interpersonal dynamics in conversation. For other appraisal variables, no significant effects
related to personality traits were identified after correcting for multiple hypotheses testing;
full details can be found in the supplementary materials. Overall, these findings emphasize
the connection between personality traits, speech coordination, and perceptions of inter-
action dynamics, highlighting the importance of considering individual communication
styles when evaluating social interactions.

Discussion

This study aimed to achieve four goals: (1) to explore the effect of high-level constraints
(specifically, conversational topics) on interpersonal speech coordination, leading-fol-
lowing dynamics, and nonverbal interactional dominance in dyadic conversations; (2) to
examine how these speech coordination structures relate to the socially relevant personal-
ity traits of Extraversion and Agreeableness; (3) to investigate how these personality traits
influence speech coordination, leader—follower dynamics, and nonverbal interactional
dominance; and (4) to assess the impact of speech coordination, dynamics, and personality
traits on appraisals of the interactions reported by the conversational partners. Below, we
discuss our key findings, considering their theoretical implications, limitations, and future
directions.

Interpersonal Speech Coordination and Conversation Topic

We hypothesized that different conversational topics would explain variations in speech
coordination (RR ., RR1pg) (Hla), leader—follower dynamics (Qpcgp) and nonverbal
interactional dominance (LAM ,zp, and TT,zp) (H1b). Our findings supported that conver-
sational topics significantly influenced global speech coordination, with increased coordi-
nation observed during argumentative conversations compared to introductory ones. Simi-
larly, leader—follower dynamics and nonverbal interactional dominance were affected, with
larger asymmetries noted in argumentative and self-disclosure conversations, aligning with
our expectations and existing literature on interpersonal coordination. Studies indicate that
the dynamic properties of interpersonal interactions are shaped by situational constraints
(Fusaroli et al., 2014), reinforcing the view of language and joint action as complex adap-
tive systems (Arellano-Véliz et al., 2024b; Ellis & Larsen-Freeman, 2009; Paxton & Dale,
2017; Tschacher et al., 2018).

The role of the high-level constraints (e.g., conversation topics) in speech coordination
can vary as it flexibly adjusts to casual encounters, bonding/affiliating, or competitive goals
(Paxton & Dale, 2017). Previous research has shown that nonverbal interactional domi-
nance patterns can impact interaction quality as participants become sensitive to distinct
conversational cues beneficial for interpersonal goals (Reuzel et al., 2014). In our study,
argumentative conversations led to significantly higher global speech coordination and
larger asymmetries in leader—follower dynamics, reflecting competitive interactional set-
tings (Arellano-Véliz et al., 2024b; Tschacher et al., 2018). Other studies reported that
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in-phase (simultaneous) bodily coordination decreased during arguments (Paxton & Dale,
2013). However, speech coordination involves compensatory dynamics (that do not neces-
sarily unfold simultaneously) and supports the emergence of functions or the achievement
of goals (Nowak et al., 2017).

Our analysis of speech coordination focused on reciprocity in turn-taking and conver-
sational rhythm rather than simultaneous performance (Reuzel et al., 2013). Reciprocity
is crucial in argumentative contexts, fostering a dynamic exchange of arguments. Further-
more, the greater relative difference in trapping time (77,,) during self-disclosing and
argumentative conversations suggests prolonged influence by one partner, enabling oppor-
tunities for reciprocal interaction (Worgan & Moore, 2010). Even though it can indicate
more ‘“control” in the dynamics, this can also afford a reciprocal interaction when self-
disclosing. According to previous research, therapists use their nonverbal interactional
skills to intensify the attunement with clients by leading in the use of turn-taking and driv-
ing dynamical coordination of speech (Reuzel et al., 2014). This type of behavior might
have improved the communicational rhythm when self-disclosing, involving longer speech
coordination.

While conversational topics did not correlate with speech coordination across the line of
synchrony (RR; ) or one measure of nonverbal dominance (LAM,p), these findings war-
rant replication in larger samples, given the modest size of our study. In this sense, some
responses and exchanges might be time-sensitive and be visible at longer lags rather than
simultaneously or very close in time, as indicated by speech coordination across the line of
synchrony (RR; ), which represents swift dynamics.

Personality Traits, Speech Coordination, and Nonverbal Interactional Dominance

We argued that Extraversion and Agreeableness would explain some variability in dyadic
speech coordination (H2), leader—follower dynamics, and nonverbal interactional domi-
nance (H3), based on prior work on body motion in interpersonal dynamics (Arellano-
Véliz et al., 2024b).

Extraversion scores were associated with increased speech coordination (RR,,,,) While
introverts coordinated less (H2a). Extraverted individuals showed more coordinated com-
munication across multiple time lags and all conversational topics, suggesting less context
dependency. Introverts exhibited the lowest speech coordination, especially during intro-
ductions; they varied in coordination across topics, as argumentative conversations exhib-
ited the highest speech coordination. These results align with the social reactivity hypoth-
esis (Lucas & Diener, 2001), suggesting that extraverts get more pleasure from social
interactions, being highly social, gregarious, and outgoing individuals (Costa & McCrae,
1995; Larsen et al., 2025); which promotes intersubjective attunement (Stern, 1985/2018;
Harris et al., 2017). Generally speaking, introverts prefer solitude and tend to be more
comfortable with their inner worlds, thoughts, and feelings than extroverts (Burger, 1995;
Tuovinen et al., 2020).

Regarding the composition of our dyads, we anticipated that at least one extroverted
partner would enhance speech coordination (H2b). Our findings support this, as the pres-
ence of an extrovert led to increased coordination, which might be relevant to facilitat-
ing social interactions for introverts, as it might boost their social engagement (Tuovinen
et al., 2020). The interactive effect of both conversational partners was not significant in
the models of speech coordination (RR,,,» and RR; ), only the individual effect of the
trait Extraversion in global speech coordination.
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We expected high agreeable scores to associate increased speech coordination and
inverse expectation for low-agreeable (or “disagreeable”) dyads (H2c). Dyadic composi-
tion was expected to affect speech coordination, especially the presence of a disagreeable
individual in the dyad, but it was not supported (H2d). However, the task sensitivity effect
we predicted regarding the argumentative conversation was supported (H2e) as low Agree-
ableness associated with higher speech coordination during the argumentative conversation
(RRgop and RR;5). We argued that this effect could be functional to goal achieving in
competitive settings by low-agreeable individuals (e.g., DeYoung, 2015). However, these
dynamics might not be positive for the intersubjective attunement of the interacting part-
ners, since the literature suggests that low-agreeable individuals exhibit poor social rela-
tionships (Anderson et al., 2020), low concern for others’ needs and desires, and less effi-
cient social information processing (e.g., DeYoung et al., 2010).

Concerning leader—follower dynamics and nonverbal interactional dominance, we
expected that higher scores of Extraversion would be associated with asymmetries in the
speech dynamics when interacting with introverts due to leading (initiating) and influenc-
ing tendencies (H3a). This was reflected by the relative difference of Laminarity (LAM 4zp)
when self-disclosing, where personality similarity fostered symmetric speech dynamics. It
is possible that extroverted individuals took a leading and initiating role within the conver-
sation allowing for longer periods of interactional attunement.

We anticipated more balanced leading-following dynamics for agreeable individuals
compared to disagreeable ones, with the latter potentially leading to larger imbalances
(H3b). This was supported by diagonal cross-recurrence profiles (Qpcgp), sShowing that
low-agreeable individuals exhibited larger imbalances during introductions but less so
when self-disclosing. In contrast, highly agreeable individuals demonstrated lower imbal-
ance during introductions and higher during self-disclosures, indicating they may take the
lead in such conversations.

As for nonverbal interactional dominance (LAM ), argumentative conversations elic-
ited greater dominance, particularly among high-agreeable individuals and in discordant
dyads (agreeable/disagreeable). Agreeableness, characterized by cooperation and altru-
ism (DeYoung, 2015; Hovhannisyan & Vervaeke, 2022), suggests that highly agreeable
partners may take initiative during self-disclosures, fostering a reciprocal and cooperative
dynamic (Worgan & Moore, 2010). This tendency is especially pronounced in argumenta-
tive contexts, where highly agreeable individuals may dominate the conversation, enhanc-
ing attunement. Such dominance should not carry negative connotations; it likely reflects a
higher metacognitive capacity in agreeable individuals, enabling them to better understand
others’ needs and intentions (DeYoung et al., 2010).

Perception of the Interaction (Appraisals), Interpersonal Speech Dynamics,
and Personality Traits

We predicted that higher dyadic speech coordination (H4a) and symmetrical interactions
(H4b) would enhance positive post-conversational appraisals, with extroverted (H4c) and
agreeable individuals (H4d) likely rating interactions more positively following coordi-
nated exchanges. The results revealed differentiated effects based on dyadic composition
and speech dynamics.

We observed a logical connection between speech dynamics and participants’ apprais-
als. In the case of Extraversion, this trait consistently predicted positive perceptions of
the interaction as expected. Extroversion consistently predicted positive perceptions of
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interactions, as higher Extraversion scores and increased speech coordination (RR; ),
were associated with positive appraisals of smooth, natural, and relaxed conversations,
desire to interact in the future, enjoyment, liking the conversational partner, and inclination
to communicate. This indicates that attuned and rapid conversations are particularly valu-
able for extroverts. RR; ¢ reflects swift turn-taking with minimal silence or interruptions.
In contrast, introverts may prefer pauses and silences over continuous attunement, aligning
with H4a and H4c.

Increased nonverbal interactional dominance (i.e. increases in LAM 4,p) led introverts to
use their partner’s behavior as a guide, reflecting an alignment with partner cues. For dis-
cordant extroverted dyads, higher asymmetries in nonverbal dominance enhanced enjoy-
ment, suggesting that such dominance might improve interaction quality presumably by
affording and facilitating opportunities for sustaining interactional attunement.

These dynamics may reflect higher intersubjective attunement and relatedness (Stern,
1985/2018). Previous studies indicated that Extraversion predicts subjective well-being in
students over four years (Harris et al., 2017), with positive social experiences and feelings
of belonging being particularly relevant for young populations. Introverts can also benefit
from interactions with dissimilar individuals, as they may require guidance and initiating
behaviors to sustain social interactions (Tuovinen et al., 2020). Moreover, introverts might
prefer slower conversations with more pauses, given their lower need for social stimulation
(DeYoung, 2015; Hovhannisyan & Vervaeke, 2022).

In highly agreeable dyads, agreeable individuals used their partner’s behavior as a
guide, reflected in lower asymmetries in nonverbal dominance. Agreeableness fosters
interpersonal attunement (Anderson et al., 2020), indicating high dyadic and nonverbal
coupling. Contrary to our expectations (H4d), increased speech coordination and Agreea-
bleness predicted lower perceived naturalness in conversations. This suggests a trade-off
in maintaining coordinated communication—characterized by smooth turn-taking and
fewer silence episodes—where highly agreeable individuals may achieve a communica-
tional rthythm without feeling it is natural. They may also require more time to respond or
value silence. Previous studies indicate that sustaining coordination can reduce self-regu-
lation of affect (Galbusera et al., 2019), suggesting that Agreeableness’ drive for altruism
and social harmony (DeYoung, 2015) might lead to greater effort in maintaining smooth
dynamics, potentially at the cost of enjoyment. Finally, we observed task sensitivity in
both Extraversion and Agreeableness, emphasizing the situational context’s role in shaping
communication.

Limitations, Strengths, and Future Directions

Our study has several limitations that warrant consideration. The modest sample size may
limit the generalizability of our findings, as some significant effects became non-significant
after corrections for multiple tests. Additionally, the predominance of female participants
restricts gender comparisons. Future research should aim for larger, more diverse samples
to enhance generalizability and replication. In this study, Extraversion and Agreeableness
were analyzed separately to examine their distinct contributions to speech coordination.
While our decision was guided by theoretical and statistical considerations—ensuring
that each trait’s unique effects were not diluted or obscured—we acknowledge that this
approach may not fully account for their potential interdependence. Although our data
indicate a weak correlation between these traits (r=0.14, p=0.16), future research could
explore their combined effects more explicitly, either by including both traits in the same
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model or using methods such as the Actor-Partner Interdependence Model (APIM), which
would require a larger sample size to ensure reliable estimates (e.g., Cook & Kenny, 2005;
Kenny et al., 2006). A more comprehensive approach to personality interactions, incor-
porating all dimensions of the Big Five, may provide further insight into how personality
traits jointly shape conversational dynamics.

The use of a balance board for face-to-face interactions may also impact ecological
validity, as this setup is not reflective of natural interactions. It would be beneficial to com-
pare the ecological validity of different experimental setups (e.g., laboratory vs. natural set-
tings). Furthermore, the confounding of task order and conversation topics—where argu-
mentative conversations followed introductions—might have influenced our findings, with
increased coordination possibly stemming from familiarity rather than the task nature.

Despite these limitations, our employment of nonlinear time-series analysis and experi-
mental methods represents a strength, revealing subtle interpersonal dynamics that might
not have been detected otherwise. This approach is a valuable tool for studying interper-
sonal dynamics and personality. Finally, while our study focused on turn-taking behaviors
and key social personality traits, it did not account for the content of conversations or other
personality traits. Future research should investigate speech coordination at the content
level to gain deeper insights into interpersonal dynamics, communication, and personality.

Conclusion

Overall, our results emphasize the dynamic interplay between the personality traits Extra-
version and Agreeableness, situational constraints (conversation topics), interpersonal
speech dynamics —coordination, leader—follower dynamics, and nonverbal interactional
dominance—, as well as the subjective experiences emerging from social interactions. Per-
sonality traits exhibited relevance in speech dynamics and appraisals, and differences in
terms of the dyads’ constitutions were observed. Generally, we observed that extroverted
individuals engaged in more coordinated communication across various conversational
topics, contrary to introverts. Besides, interpersonal speech coordination seemed to foster
intersubjective attunement and positive appraisals in extroverts. Increased speech coordina-
tion and Agreeableness were predictive of decreased perceived naturality in the conversa-
tions, suggesting a potential trade-off effect. In terms of the methods employed, we were
able to observe how situational constraints and personality traits were predictive of inter-
personal speech dynamics in the conversations and appraisals. The nonlinear time-series
techniques employed exhibited a useful and robust tool for studying interpersonal dynamics
in conversations. Our results support the use of dynamical approaches to, not only under-
standing interpersonal communication, but also its relation to psychological constructs.
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