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ABSTRACT 

Objective: The present study implements an automatic method of assessing arousal in vocal 

data as well as dynamic system models to explore intrapersonal and interpersonal affect 

dynamics within psychotherapy and to determine whether these dynamics are associated with 

treatment outcomes. Method: The data of 21,133  mean vocal arousal observations were 

extracted from 279 therapy sessions in a sample of 30 clients treated by 24 therapists. Before 

and after each session, clients self-reported their wellbeing level, using the Outcome Rating 

Scale. Results: Both clients’ and therapists’ vocal arousal showed intrapersonal dampening. 

Specifically, although both therapists and clients departed from their baseline, their vocal 

arousal levels were “pulled” back to these baselines. In addition, both clients and therapists 

exhibited interpersonal dampening. Specifically, both the clients’ and the therapists’ levels of 

arousal were “pulled” towards the other party’s arousal level, and clients were “pulled” by their 

therapists’ vocal arousal towards their own baseline. These dynamics exhibited a linear change 

over the course of treatment:  whereas interpersonal dampening decreased over time, there was 

an increase in intrapersonal dampening over time. In addition, higher levels of interpersonal 

dampening were associated with better session outcomes. Conclusions: These findings 

demonstrate the advantages of using automatic vocal measures to capture nuanced 

intrapersonal and interpersonal affect dynamics in psychotherapy and demonstrate how these 

dynamics are associated with treatment gains. 

 Keywords: voice analysis, intrapersonal and interpersonal affect dynamics, 

coregulation, self-regulation, vocal arousal 
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Public health significance statement 

The current findings highlight the potential of computerized vocal analyses to capture moment-

by-moment processes within psychotherapy sessions. They suggest that clients and therapists 

exhibit both intrapersonal (within person) as well as interpersonal (between person) affect 

dynamics in their in-session emotional arousal levels. Specifically, both clients and therapists 

tended to return to their own affective arousal baseline but also tended to be “pulled" by their 

partner towards their baseline arousal level. The findings advance the idea that therapists who 

are synchronized with their clients, but at the same time down-regulate their own and their 

clients’ affect, may be more successful in helping their clients develop better affective 

regulation capabilities.  
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Intrapersonal and Interpersonal Vocal Affect Dynamics during Psychotherapy 

Disrupted affect regulation processes are posited to be at the epicenter of many mental 

disorders (Joormann & Stanton, 2016; Sheppes, Suri, & Gross, 2015), and the modification of 

these  processes is at the core of many therapeutic interventions. Understanding affect and 

affective arousal within psychotherapy necessitates an analysis of how these fluctuate and 

change over time within the client (i.e., intrapersonal affect dynamics) as well as between the 

client and the therapist (i.e., interpersonal affect dynamics) and  the extent to which these 

dynamics are associated with treatment outcomes (Greenberg, 2012; Fosha, 2001).  

To date, temporal dynamics in affective arousal during therapy have typically been 

modeled on  clients' subjective reports completed retrospectively for  entire sessions (e.g., 

Atzil-Slonim et al., 2018; Fisher, Atzil-Slonim, Bar-Kalifa, Rafaeli, & Peri, 2016). Moreover, 

most of these studies have focused solely on the client’s experience, eschewing the therapist’s 

experience as well as the possibility of exploring interpersonal dynamics between the two 

parties. A better understanding of intra- and interpersonal dynamics requires sensitive, 

continuous, and objectively codified affect data (Butler, 2015).  

One rich source of such data, which can be collected unobtrusively, is the human voice.  

In this study, we examined whether the analysis of vocal features could tap into both 

intrapersonal and interpersonal affective arousal dynamics, which may reflect two different 

pathways to affect regulation within psychotherapy. Specifically, we examined whether certain 

intra- and interpersonal dynamic patterns facilitate favorable outcomes, both within sessions 

and across treatment. 

Intrapersonal Affect Dynamics 

Within the broader  field of affect and affective regulation research, considerable 

attention has been paid to emotional self-regulation, which is defined as the activation of the  

goal to influence emotional trajectories (Gross, 2015), often towards re-establishing some 
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homeostatic set point (Cole, Martin, & Dennis, 2004; Gross, 1999). Clinical theorists (e.g., 

Aron & Harris, 2014; Fosha, 2001; McCullough, 2003) and researchers (e.g., Greenberg, 2012) 

have paid growing attention to the regulation of affect as a potentially unifying target for 

intervention. Indeed, increases in clients’ regulation capabilities have been found to predict 

improved outcomes (e.g., Pos, Paolone, Smith, & Warwar, 2017; Radkovsky, McArdle; 

Berking et al., 2008).  

To date, most studies examining affect regulation within psychotherapy have relied on 

clients’ subjective reports of their regulation skills; i.e., the explicit aspects of emotion 

regulation (see Gratz & Roemer, 2004; Sloan & Kring, 2007; Radkovsky et al., 2014). Self-

reported measures draw heavily on clients’ capability and willingness to communicate their 

skills and difficulties (Cummins et al., 2015). Importantly, a recent review of the literature 

emphasized that any understanding of intra-personal emotion regulation would be incomplete 

without considering the implicit aspects of this process (Joormann & Stanton, 2016).  

To go beyond self-reports, several studies have made use of observer ratings of clients’ 

emotional or affective arousal during treatment (e.g., Carryer & Greenberg, 2010). These 

typically analyze data from a predefined number of sessions per treatment, that are often chosen 

to reflect the early, middle, and late phases of therapy. For example, a recent study of clinical 

coders' assessments of six sessions found that emotional arousal increased across treatment and 

that this increase was associated with better treatment outcomes (Fisher et al., 2017; Pos et al., 

2017).  

Studies relying on observer coding can provide a rich and detailed view of affective 

arousal processes but are time-consuming to conduct and limited in their ability to examine 

entire courses of therapy. In particular, they do not provide a way to examine moment-by-

moment affect dynamics. Moreover, they are not suited for detecting or modeling characteristic 



INTRA- AND INTERPERSONAL VOCAL AFFECT DYNAMICS 6 

 

high-resolution patterns such as oscillations around a set point (Boker & Nesselroade, 2002; 

Helm, Sbarra, & Ferrer, 2012; Reed, Barnard, & Butler, 2015). 

Another limitation of studies on affect dynamics in psychotherapy is their almost 

exclusive focus on clients’ emotional processes (and, at times, on therapist interventions that 

drive them; for exceptions, see Atzil-Slonim et al., 2018; Duan & Kivlighan, 2002). Yet most 

affect dynamics occur in an interpersonal context, and psychotherapy is quintessentially such 

a context.  

Interpersonal Affect Dynamics 

The  dyadic view of affect dynamics has been gaining increased attention in recent years 

(Helm et al., 2012; Reed et al., 2015) and has led to the development of considerable research 

on interpersonal emotion regulation (for review see Dixon-Gordon, Bernecker, & Christensen, 

2015) or coregulation (Butler & Randall, 2013). Interpersonal emotion regulation 

encompasses regulatory strategies in which individuals use interpersonal situations to regulate 

their own or another’s emotions (Zaki & Williams, 2013). Coregulation is defined as a 

bidirectional linkage between dyad members’ oscillating emotions, which ultimately 

contributes to achieving an optimal level of experienced emotion in both participants (Butler 

& Randall, 2013). Both concepts are extremely pertinent to clinical theories (e.g., Aron & 

Harris, 2014; Fosha, 2001; McCullough, 2003) whose foundational principle is that the 

affective dyadic dynamics occurring between therapists and clients constitute key 

transformational agents of change in psychotherapy. 

The importance of both intra- and interpersonal affect dynamics  was first acknowledged 

by contemporary theories of affect outside of psychotherapy (e.g., developmental psychology: 

Feldman [2012, 2015]; relationship science: Helm & Sbarra [2012], Butler & Randall [2013], 

Zaki & Williams [2013]). As developmental data have shown, optimal affective states are often 

co-constructed dyadically during interactions in which a sensitive and responsive adult helps 
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an infant observe and internalize regulatory skills. “Good enough” relationships are 

characterized by synchrony and attunement between the caregiver and the child, but this 

synchrony must be “marked” (Fonagy & Luyten, 2009); i.e., through attunement, the caregiver 

must be able to do more than simply mirror the child, but rather must soothe him or her  to 

enable the return to an optimal arousal level. Ultimately, this dyadic affective process is 

expected to be internalized, as the child gradually gains the ability to provide him or herself 

with the same regulation initially acquired primarily through this relationship (Ham & Tronick, 

2009; Feldman, 2012). 

Many psychodynamic theories have highlighted the importance of client-therapist 

affect dynamics as promoters of clients’ intrapersonal regulation abilities (e.g., Bromberg, 

2003; Fosha, 2001; McCullough, 2003; Mitchell, 1993; Summers & Barber, 2009; Winnicott, 

1971). When clients experience an emotion or share it with their therapist, the latter naturally 

reacts emotionally, and the dyad's emotional responses become inextricably linked. The 

emotional "dance" during the client-therapist interaction, which involves a delicate balance 

between synchrony and discrepancy in the client's and therapist's affective experience, is 

considered  crucial to helping clients tolerate and regulate affective arousal that is too intense 

or painful for them to  manage alone (Aron & Harris, 2014; Fosha, 2001). In the mutual process 

of interpersonal affect dynamics, the clinician can provide clients with a synchronous and 

attuned relationship allowing for a corrective emotional experience to occur (Castonguay & 

Hill, 2012). The opportunity to experience one's feelings together with an authentic and 

emotionally-present other who is skilled in managing intense arousal, may help the client 

develop (or recover) more productive affect regulation capabilities.  

Although the notion that client-therapist coregulation may promote client self-

regulation abilities has received the most attention from psychodynamic psychotherapists, 

multiple therapy approaches endorse this view (e.g., Castonguay & Hill, 2012; Greenberg, 



INTRA- AND INTERPERSONAL VOCAL AFFECT DYNAMICS 8 

 

2012). This growing acknowledgment of the importance of interpersonal affect dynamics has 

led psychotherapy researchers to begin addressing the role of dynamics in treatment (see Koole 

& Tschacher, 2016 for review). 

Many studies exploring interpersonal affect dynamics have concentrated on one 

particular dynamic – namely, synchrony – premised on the idea that therapeutic relationships 

involve ongoing mutual coordination or influence between therapists and clients (Atzil-Slonim 

& Tschacher, 2019). Several studies using objective measures (e.g., physiology: Marci, Ham, 

Moran & Orr, 2007; Tschacher & Meier, 2019; body movement: Tschacher, Rees & Ramseyer, 

2014) to study client-therapist synchrony have found it to be an indicator of therapeutic success. 

However, other studies have found more mixed effects for synchrony (e.g., with body 

movement: Altmann et al., 2019; Ramseyer, 2019).  

One possible explanation for these inconsistent findings with respect to affect 

synchrony may be the wide scope of this term. Specifically, synchrony refers to any covariation 

between two parties. It may reflect attunement, coregulation, and dampening, but may also 

reflect mutual escalation or amplification (Butler, 2015). To better understand affective 

dynamics, these two processes need to be differentiated. Dampening refers to a decrease in the 

amplitude of affective arousal which culminates in a return to one’s homeostatic baseline, 

whereas amplification refers to an increase in amplitude and a further departure from baseline. 

Both dampening and amplification can occur either intra-personally (i.e., within person) or 

interpersonally (i.e., between person where each party “pulls” the other party’s arousal towards 

[dampening] or away from [amplification] his or her respective baseline, see Reed, Barnard,  

& Butler, 2015).  

To date, few psychotherapy studies have explicitly assessed dampening vs. 

amplification in client and therapist affect (cf., Bryan et al., 2018; Butner et al., 2017; Soma et 

al., 2019). Moreover, most studies exploring interpersonal non-verbal dynamics have made use 



INTRA- AND INTERPERSONAL VOCAL AFFECT DYNAMICS 9 

 

of data drawn from only one (Bryan et al., 2018; Imel et al., 2014; Marci, Ham, Moran, & Orr, 

2007; Soma et al., 2019; Tschacher, Rees & Ramseyer, 2014) or two (Ramseyer & Tschacher, 

2014) representative sessions.  

The Vocal Channel in Psychotherapy  

The vocal channel (alongside several other non-verbal channels: e.g., physiology: 

Kleinbub, 2017; body movement: Tschacher, Rees & Ramseyer, 2014) may provide a 

promising gateway for examining both intra-personal and inter-personal affect dynamics. 

Voice is a primary channel of emotion expression and communication (Juslin & Laukka, 2003; 

Schuller, Batliner, Steidl, & Seppi, 2011), and is thus germane to both the individual and the 

dyad. Voice also circumvents the need to rely on subjective measures (e.g., self-reports and 

clinician assessments) and can be subjected to objectively codified indices. Crucially, voice 

(more than other channels) lends itself easily to non-obtrusive measurement. 

Starting with the pioneering ideas of Rice (1967), researchers have begun using speech- 

and voice-related measures to study psychotherapy processes, with a striking rise in studies in 

recent years (e.g., Tomicic, Martinez & Kraus, 2015). Vocal measures have been found helpful 

in identifying subtle yet clinically relevant changes in affective states in psychotherapy (e.g., 

Rochman & Amir, 2013).  

Several vocal features have been explored in psychotherapy studies (e.g., vocal pitch 

[fundamental frequency; f0] level and variability: Yang et al., 2012; f0 range: Breznitz, 1992; 

speech-rate & pause variability: Mundt et al., 2012; Intensity: Alpert et al., 2001). To date, the 

most commonly used index in psychotherapy research is f0. Baseline f0 and deviations from 

this baseline have been shown to be strongly correlated with self-reported and physiological 

indicators of affective arousal (heart rate, blood pressure, and cortisol secretion; Juslin & 

Scherer, 2005). For example, Imel and colleagues (2014) showed that client-therapist vocal 

synchrony was linked to therapist empathy as assessed by external raters. This finding is 
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consistent with data from non-clinical relationships associating vocal synchrony with positive 

relationship outcomes (see Lee et al., 2010; Lubold & Pon-Barry, 2014).  

Three more recent studies have explored interpersonal affect dynamics in 

psychotherapy using vocal features. Gaume et al. (2019) used two large samples and attempted 

(but failed) to replicate the association between client-therapist vocal synchrony and therapist 

empathy reported by Imel et al. (2014). Bryan and colleagues (2018) assessed client and 

therapist vocal arousal (VA) during a single crisis intervention session and found that mutual 

dampening of affective arousal was associated with a stronger client-reported emotional bond. 

Finally, Soma and colleagues (2019) used VA measures and dynamic systems models to assess 

whether and how clients and therapists modulated each other’s affect. They found that when 

clients became more emotionally labile over the course of a session, therapists became less so, 

and vice-versa. Furthermore, when therapists manifested greater arousal or increased in their 

arousal levels, clients returned to their homeostatic baseline more rapidly. 

The studies noted above have all dealt with one vocal feature (f0) and used vocal data 

from a single session. However, recent work on the analysis of vocal arousal suggests that a 

combination of several features, rather than f0 alone, may reflect human affective arousal more 

accurately (Bone, Lee, & Narayanan, 2014a; Chaspari et al., 2017). In particular, an index 

combining intensity and pitch was found to work better than separate indices of intensity and 

pitch (Bone et al., 2014a, 2014b; Chaspari et al., 2017).  

Furthermore, growing evidence suggests that intra- and interpersonal dynamics in vocal 

indicators of arousal may change as relationships unfold over time (Levitan & Hirschberg, 

2011). Examining these dynamics with multi-feature data collected over time could help clarify 

patterns of change in both client and therapist vocal arousal over the course of treatment, and 

thus serve to better identify intrapersonal and interpersonal affect dynamics that may predict 

treatment outcome. 
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Nevertheless, utilizing the vocal channel to examine mutual influence in affective 

arousal poses several challenges. Unlike other measures of arousal (e.g., electrophysiology), 

human conversation has a turn-taking structure, where for the most part speakers do not speak 

simultaneously. In addition, speech involves moments of silence (especially in psychodynamic 

psychotherapy). Therefore, analyses and modeling of the signal extracted from dyadic speech 

must contend with the fact that this signal is neither continuous nor simultaneous. 

In one possible solution to these challenges, Soma et al. (2019) “smoothed” the 

extracted vocal features of both client and therapist over three speech turns and thus created a 

semi-simultaneous data series. This method has some advantages (e.g., allowing for second-

order analyses) but is based on an embedded assumption that the speakers are more or less 

balanced in the duration of their speech turns. By contrast this study examined psychodynamic 

psychotherapy sessions in which speech is typically unbalanced, where clients usually speak 

more than therapists. For example, analyzing psychodynamic sessions, Shapira et al., (2020) 

found that 78% of all session utterances were made by the clients and 22% by the therapists. 

Hence, we opted to use the speech analysis method based on speech-turn switches proposed by 

Levitan and Hirschberg (2011) who found that vocal features surrounding turn-switches carry 

more information about the emotional interaction between speakers than do average vocal 

scores from entire speech turns. Using this approach, and examining the parties’ arousal 

measures in switch moments, we obtained data that were continuous without assuming that 

they were entirely simultaneous.  

These data lend themselves to first-order dynamic systems analyses which can examine 

momentary changes in arousal and  the direction of change (towards or away from the speakers’ 

arousal baseline), and thus answer our key questions of whether there is a mutual influence 

such that one party “pulls” the other party towards their baseline (dampening) or away from it 

(amplification) in interpersonal dynamics, as well as whether either party’s own data are 
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marked by a return to or a departure from  their baseline, in intrapersonal dynamics. Our models 

were based on a method proposed by Butner et al. (2018) for estimating intra (within) and inter 

(between) affect dynamics among romantic couples using a first order dynamic systems model 

(see also Butner et al., [2017] and Chaspari et al., [2017] for additional applications of this 

model).  

The Current Study 

In line with current psychodynamic theoretical approaches (e.g., Fosha, 2001; 

McCullough, 2003), contemporary inter- and intra-personal affect regulation 

conceptualizations (e.g., Butler, 2015), and studies indicating the association between 

improvement in affect regulation abilities throughout treatment and treatment outcomes (Fisher 

et al., 2017; Pos et al., 2017; Radkovsky et al., 2008), the following hypotheses guided our 

study: 

1. Intrapersonal and interpersonal dampening in vocal affective arousal. We 

expected both clients and therapists to exhibit vocal affective dampening on average during the 

session; i.e., we expected their arousal level to show a “pull” towards their baseline or 

homeostatic set point (Hypothesis 1a). In addition, we expected the VA level of both clients 

and therapists to be “pulled,” on average, towards their partners’ arousal level, in a way that 

would also lead to dampening (Hypothesis 1b). 

2. Treatment-level change in intrapersonal and interpersonal dampening. We 

expected both clients’ and therapists’ intrapersonal dampening in vocal arousal (i.e., the 

strength of the “pull” noted above) to increase over the course of treatment (Hypothesis 2a). In 

addition, we expected both parties’ interpersonal dampening (i.e., the strength of their “pull” 

towards their partner’s arousal level) to also increase over the course of treatment (Hypothesis 

2b). 
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3. Association between intrapersonal and interpersonal dampening and treatment 

outcome. We expected clients’ intrapersonal dampening in vocal arousal to be positively 

associated with session outcome (Hypothesis 3a). Also, we expected clients’ interpersonal 

dampening to be positively associated with session outcome (Hypothesis 3b). 

Method 

Participants and Treatment  

The data used in this study were obtained from the recordings of multi-session therapies 

conducted with 30 adult individual therapy clients at a university-based community mental 

health clinic. All therapies took place between August 2017 and August 2019. To be considered 

for inclusion in the study, the therapy needed to have included recordings from dual 

microphones, and to have lasted at least 15 sessions; of these, at least every other session 

needed to have adequate audio quality as well as both pre- and post-session Outcome Rating 

Scale (ORS; Miller, Duncan, Brown, Sparks, & Claud, 2003) measurements. The sample 

consisted of 279 therapy sessions from 30 clients treated by 24 therapists, with a mean of 

M=9.3 (SD=2.41) sessions per dyad. The average number of days between consecutive session 

was M=8.43 (SD = 3.39) with a mode and a median of 7 and a range of 3-29. 

Clients. The clients included in the sample received an average of 26.4 treatment 

sessions (SD = 5.33, Range [15,36]). Their mean age was 35.6 years (SD = 12.5, range [21,69] 

years). The majority of the clients were female (66.6%). The Mini-International 

Neuropsychiatric Interview version 5.0 (M.I.N.I; Sheehan et al., 1998) was used to establish 

Axis I diagnoses for these clients. Of the total sample, 40% had a single diagnosis, 15% had 

two diagnoses, and 21% had three or more diagnoses. Most clients were diagnosed with 

affective disorders (43%) or anxiety disorders (23%) as the primary diagnosis. Additional 

primary diagnoses included obsessive-compulsive disorder (4%) or other disorders (7%).   
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Therapists. Twenty-four therapists were included in the sample (77% female). 

Twenty-two therapists were MA students with a range of 0-30 previous clinical hours; two 

therapists were PhD students with a range of 50-250 previous clinical hours. Eighteen 

therapists treated one client and six therapists treated two clients. The therapists received one 

hour of individual supervision and four hours of group supervision on a weekly basis. The 

supervisors were senior clinicians with expertise in psychodynamic models.  

Treatments. Individual psychotherapy consisted of 1-2 weekly sessions. The dominant 

approach in the clinic is a short-term psychodynamic psychotherapy treatment model based on 

a blend of object relations, self-psychology, and relational theories (Kohut, 1971; Winnicott, 

1971). The key features of the model included: (a) a focus on affect and  the experience and 

expression of emotions; (b) exploration of attempts to avoid distressing thoughts and feelings; 

(c) identification of recurring themes and patterns; (d) emphasis on past experiences; (e) focus 

on interpersonal experiences; (f) emphasis on the therapeutic relationship; and (g) exploration 

of wishes, dreams, and fantasies (e.g., Shedler, 2010; Summers & Barber, 2009). Treatment 

was open-ended in length; however, given that it was conducted at a university-based clinic 

following an academic calendar, treatments lasted between nine months to one year. 

Measures 

Outcome Rating Scale. The ORS (Miller et al., 2003) is a four-item visual analog scale 

developed as a brief alternative to longer outcome measures. The scale is designed to assess 

change in three areas of client functioning that are widely considered as valid indicators of 

progress in treatment: functioning, interpersonal relationships, and social role performance. 

Respondents complete the ORS by rating the items on a visual analog scale anchored at one 

end by the word Low and at the other end by the word High. The sum of the items ranges from 

0 to 40, with higher scores indicating better functioning. The ORS was completed twice each 
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session:  immediately before and after the session. Subsequently, pre-to-post ORS change 

(ORS_diff) was calculated as the pre-session ORS subtracted from the post-session ORS.  

Vocal arousal (VA). A multi-feature vocal arousal extraction tool was used (Bone et 

al., 2014a, 2014b). The original audio was segmented into speech turns, using an automatic 

diarization algorithm developed specifically for psychotherapy conversations, as speakers in 

such conversations typically present unbalanced activity patterns. Specifically, clients often 

speak for longer periods, while therapists frequently respond with shorter utterances. To 

address this, we used an algorithm based on previous work on speech diarization and 

separation (Laufer-Goldshtein et al., 2018a, 2018b) whose proprietary method has been 

submitted for publication (Laufer-Goldshtein et al., Submitted).1 

Subsequently, following Bone and colleagues (2014a), VA was computed as a 

weighted average index of three speech features: (1) intensity, (2) pitch, and (3) HF500 (the 

ratio of energy above 500Hz divided by the energy between 80Hz and 500Hz). These features 

were then normalized for each participant for each session allowing for the average level of 

each feature to act as the speaker’s “baseline”. The final VA score was created from the 

weighted average of the three feature scores. This measure has achieved state-of-the-art 

performance for cross-corpus automatic arousal recognition (Valstar et al., 2016). Across the 

30 therapy dyads and 279 available sessions, there were 21,133  mean VA observations (M = 

75.5 observations per session [SD = 41.9]).2 

Procedure 

The study was conducted in compliance with the University's ethical review board. The 

data were obtained as part of the routine monitoring used in the clinic. Clients consented to 

 
1 Additional information and details on the diarization method can be found in the Online Supplementary 

Materials (OSM): https://osf.io/ca6m4/  
2 The diarization algorithm and VA extraction implemented MATLAB (Version 2019a). The vocal features 

were extracted using Praat (Boersma & Weenink, 2009). For additional information, see  https://osf.io/ca6m4/). 

https://osf.io/ca6m4/
https://osf.io/ca6m4/
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participate voluntarily and were told that they could terminate their participation at any time 

with no effect on their treatment and that the therapists would be unaware of their responses. 

The clients completed the ORS electronically (using computers located in the clinic rooms) 

before and after each therapy session. 

Data Analysis 

In the analysis we followed the approach described in Levitan and Hirschberg (2011) 

who found that vocal features surrounding turn-switches carry more information about the 

affective interaction between the speakers than do average vocal scores from entire speech 

turns. For this purpose, they suggested focusing on interpausal units (IPUs); i.e., parts of 

speech-turns that are demarcated by pauses lasting at least 50ms, and which   themselves are 

pause-free (i.e., interrupted, at most, by pauses lasting less than 50ms).  

Accordingly, to capture the interpersonal affect dynamics unfolding between speakers, 

we defined the basic unit of analysis as dyads’ turn-switches; i.e., the last IPU in Speaker A’s 

speech turn followed by the first IPU in Speaker B’s subsequent speech turn (see Figure 1). 

--Insert Figure 1 about here-- 

The models were based on a method proposed by Butner et al. (2018, 2017) for estimating 

dyadic affect dynamics in romantic couples using a first order dynamic systems model. 

Specifically, in this model, the first derivative (i.e., the first order change in Partner A’s VA 

from speech turn i-1 to i) is predicted by Partner A’s and Partner B’s previous VA assessments. 

Since the data were nested (speech turn switches nested within sessions, which themselves 

were nested within dyads), we used a multivariate multi-level framework (Baldwin, Imel, 

Braithwaite, & Atkins, 2014). In this framework, the first derivatives of the clients’ and 
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therapists’ VA levels were modeled simultaneously, whereas their residuals were allowed to 

vary within session (Level 1), between session (Level 2), and between dyads (Level 3).3 

In the following section the three models underlying the study hypotheses are presented. 

Model 1 [Hypotheses 1a & 1b]: Average intra- and interpersonal dampening. 

(𝑉𝐴(2𝑖)𝑠𝑑
𝑐 − 𝑉𝐴(2𝑖−1)𝑠𝑑

𝑐 )

∆𝑡
= 𝛾 000

𝑐 + 𝛾 100
𝑐 ∗ 𝑉𝐴 (2𝑖−1)𝑠𝑑

𝑐 + 𝛾 200
𝑐 * (

𝑉𝐴 (2𝑖−1)𝑠𝑑
𝑐  −  𝑉𝐴 (2𝑖)𝑠𝑑

𝑡

∆𝑡
) + 

                                                       𝑢𝑜𝑜𝑑
𝑐 + 𝑟0𝑠𝑑
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(𝑉𝐴(2𝑖+1)𝑠𝑑
𝑡 − 𝑉𝐴(2𝑖)𝑠𝑑

𝑡 )

∆𝑡
= 𝛾 000

𝑡 + 𝛾 100
𝑡 ∗ 𝑉𝐴 (2𝑖)𝑠𝑑

𝑡 + 𝛾 200
𝑡 * (

𝑉𝐴 (2𝑖)𝑠𝑑
𝑡  −  𝑉𝐴 (2𝑖+1)𝑠𝑑

𝑐

∆𝑡
) + 

                                                       𝑢𝑜𝑜𝑑
𝑡 + 𝑟0𝑠𝑑

𝑡 + 𝑒(2𝑖+1)𝑠𝑑
𝑡                                                                        (2) 

Equation 1&2: Dynamics systems multilevel model of clients’ (equation 1) and therapists’ (equation 2) inter- and intra- VA 

affect dynamics. 

In this model, VA change (i.e., the first derivative) of client c (or therapist t) in IPU 2i in session 

s in client-therapist dyad d is predicted by this client’s (or therapist’s) intercept (𝛾 000
𝑐  𝑜𝑟 𝛾 000

𝑡 ). 

It is also predicted by this client’s (or therapist’s) previous IPU’s VA (𝛾 100
𝑐  𝑜𝑟 𝛾 100

𝑡 ). Notably, 

when this parameter (𝛾 100
𝑐  𝑜𝑟 𝛾 100

𝑡 ) is negative it indicates that the speaker’s VA is “attracted” 

to their baseline; i.e., when in one IPU the speaker has negative (i.e., below baseline) VA, they 

will tend to show an increase (i.e., a positive first derivative) in their VA in the following IPU, 

and vice versa (which makes this parameter relevant to Hypothesis 1a). In addition, the 

speaker’s VA change is predicted by the difference between this speaker’s VA in IPU i-1 and 

the partner’s VA in IPU i (𝛾 200
𝑐  𝑜𝑟 𝛾 200

𝑡 ). The difference between the two parties’ VA is scaled 

by the length of time between these two IPUs (
1

∆𝑡
), to account for variation in the duration of 

speech turns. Note that when this parameter (𝛾 200
𝑐  𝑜𝑟 𝛾 200

𝑡 ) is negative, it indicates that the 

 
3 Because 6 therapists treated 2 patients each, we also tested whether nesting affected the results; it did not. For 

more information, please see OSM (https://osf.io/ca6m4/)  

https://osf.io/ca6m4/
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speaker’s VA is “attracted” toward the partner’s VA – i.e., when in one speech-turn (e.g., 

speech turn i-1) the two parties’ VA difference is negative (i.e., one party’s VA is above the 

other’s), the speaker will tend to show an increase (i.e., a positive first derivative) in their VA 

in the following IPU, and vice versa (which makes this parameter relevant to Hypothesis 1b). 

Finally, to account for data nesting, the model includes random effects at the level of the dyad 

(𝑢𝑜𝑜𝑑
𝑐  𝑜𝑟 𝑢𝑜𝑜𝑑

𝑡 ), the session (𝑟𝑜𝑠𝑑
𝑐  𝑜𝑟 𝑟𝑜𝑠𝑑

𝑡 ), and the IPU (𝑒𝑖𝑠𝑑
𝑐  𝑜𝑟 𝑒𝑖𝑠𝑑

𝑡 ). Notably, these two 

equations were run simultaneously to allow clients’ and therapists’ level-2 and level-3 residual 

terms to co-vary (thus accounting for the dyads’ interdependence). 

Model 2 [Hypotheses 2a & 2b]: Change in intra- and interpersonal dampening. 

The second model was designed to test whether intrapersonal and interpersonal dampening in 

VA increased during therapy. To do so, , we added the main effect of session-number4, as well 

as its interaction with both intrapersonal and interpersonal dampening, to Model 1. 

Model 3 [Hypotheses 3a and 3b]: Intra- and interpersonal dampening and session 

outcome. The third model was designed to test whether and inter-personal dampening were 

stronger in good outcome sessions. This was done by testing whether the session outcome (a 

level-2 variable) moderated the two dampening parameters. Session outcome was 

operationalized as the difference between the client’s wellbeing reported at the end vs. the 

beginning of sessions. We added the main effect of this difference score as well as its cross-

level interaction with intrapersonal and interpersonal dampening to Model 1. 

Results 

Model 1: Average Intra- and Interpersonal Dampening 

 
4 To address one reviewer’s concern, we re-ran the analyses with elapsed days in the therapy instead of session 

number. The results remained similar with minor exceptions. For more information, see OSM 

(https://osf.io/ca6m4/).  

https://osf.io/ca6m4/
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Table 1 presents the fixed effects estimated in Model 1. As can be seen, and in line with 

Hypothesis 1a, the effect pertaining to intrapersonal dampening was negative and significant 

for both clients and therapists. In other words, both clients’ and therapists’ VA levels were 

“pulled” toward their own baseline. Additionally, this “pull” was stronger the more the VA 

scores (either therapists’ or clients’) deviated from their own baseline. Consistent with 

Hypothesis 1b, the effect pertaining to ‘interpersonal dampening’ was negative and significant 

for both clients and therapists. In other words, both clients’ and therapists’ VA levels were also 

“pulled” toward the other party’s VA. Additionally, this “pull” was stronger the greater the 

difference in VA levels between the two parties.  

Notably, a post-hoc analysis revealed that the clients’ intrapersonal and interpersonal 

dampening parameters were significantly stronger than those of the therapists (intrapersonal: 

Est. = -0.08, SE = 0.01, p<0.001; Interpersonal: Est. = -0.10, SE = 0.01, p<0.001; see Figure 

2). 

--Insert Table 1 here-- 

Theoretically, one could argue that this interpersonal “pull” does not necessarily entail 

interpersonal dampening, since one can also be “pulled” by their partner away from their 

baseline. For interpersonal dampening to occur (when the interpersonal “pull” is towards the 

baseline), the partner’s VA should be positioned closer to the baseline than the speaker’s VA. 

To test this, we ran an additional 3-level ML analysis in which the difference between one’s 

VA in speech turn i-1 and one’s partner’s VA in speech turn i was predicted by one’s VA in 

speech turn i-1. In this analysis5, a positive and significant estimate emerged for both clients 

 

5 The interpersonal prediction in Equations 1 & 2 (Model 1) allowed us to estimate the extent to which one 

speaker’s affective arousal impacted arousal change in the other speaker. Distinguishing between dampening and 

amplification required an additional analysis; see the OSM (https://osf.io/ca6m4/) for more information. 
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(Est.= 0.41, SE=0.02, p<0.001) and therapists (Est.= 0.36, SE=0.02, p<0.001), indicating that 

when one party’s VA deviated from his or her  own baseline, the other party’s VA tended to 

be positioned closer to the baseline. Together with the finding that partners’ VA levels served 

as “attractors” for each other, it indicates that dyad members tended to exhibit interpersonal 

dampening (rather than amplification).  

--Insert Figure 2 here-- 

Model 2: Change in Intra- and Interpersonal Dampening Throughout Treatment 

To test whether intra- and interpersonal dampening increased over the course of 

treatment, the main effect of session number as well as its interaction with these two terms 

were added to Model 1. As shown in Table 2, there was a significant interaction between 

session number and clients’ intrapersonal dampening. Thus, in line with Hypothesis 2a, clients’ 

intrapersonal dampening increased as the treatment progressed. No such interaction was found 

for therapists. In addition, a significant interaction between session number and clients’ 

interpersonal dampening was found. However, in contrast to Hypothesis 2b, clients’ 

interpersonal dampening actually decreased as the treatment progressed. No such interaction 

was found for therapists. Figure 3 illustrates the increase in intrapersonal dampening and 

decrease in interpersonal dampening found among clients over the course of therapy. 

--Insert Table 2 about here-- 

--Insert Figure 3 about here-- 

Model 3: Intra- and Interpersonal Dampening and Session Outcome  

To test the association between session outcome on the one hand, and intra- and 

interpersonal dampening on the other, the main effect of session outcome as well as its 

interaction with the two terms was added to Model 1. As shown in Table 3, disconfirming 

Hypothesis 3a, no interaction was found between session outcome and clients’ intrapersonal 
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dampening. However, there was a significant interaction between session outcome and clients’ 

interpersonal dampening. To probe this interaction, we computed the parameters at 1 SD above 

and below the baseline. When session outcomes were poor (i.e., 1 SD below the mean), the 

parameter was weaker (Est.= -0.29, SE=0.01, p<0.001) than when session outcomes were good 

(i.e., 1 SD above the mean; Est.= -0.37, SE=0.01, p<0.001). Thus, in line with Hypothesis 3b, 

clients’ interpersonal dampening was positively associated with session outcome. No 

interaction effects were found for the therapists' intra- or interpersonal dampening.6 Figure 4 

illustrates the associations between intrapersonal dampening and session outcome as well as 

interpersonal dampening and session outcome. 

--Insert Table 3 about here-- 

--Insert Figure 4 about here— 

Discussion 

We used vocal measures and dynamic system models to examine intrapersonal and 

interpersonal affect dynamics within and between clients and therapists; we also examined the 

development of these dynamics across treatments and their associations with treatment 

outcome. Consistent with contemporary emotion regulation conceptualizations (Butler & 

Randall, 2013; Thompson, 2011; Zaki & Williams, 2013), we found both within-person 

(intrapersonal) and between-person (interpersonal) affect regulatory dynamics.  

As predicted, both clients’ and therapists’ VA evidenced intrapersonal dampening 

(Hypothesis 1a). Specifically, although both therapists and clients departed from their arousal 

baseline, their VA levels were “pulled” back to these baselines. This pattern is consistent with 

previous intrapersonal emotion regulation results reported in clinical settings (Soma et al., 

 
6 To examine the simple effects of the clients’ interpersonal dampening at various levels of session outcome 

(i.e., low [-1 SD], average, and high [+1 SD] ORS difference), we used Preacher, Curran, and Bauer’s (2006) 

computational tool for probing interaction effects in MLM analyses. 
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2019), and also with findings for romantic couple data (including both self-reported emotions 

[Butner et al., 2007] and heart rate [Helm et al., 2012]). 

Consistent with our next prediction, both clients and therapists exhibited interpersonal 

affect dampening (Hypothesis 1b). Specifically, both the clients’ and the therapists’ levels of 

arousal were “pulled” towards the other party’s arousal level. Additionally, therapists’ arousal 

levels were closer to baseline (on average) than their clients’. Taken together, these findings 

suggest that on average, clients were “pulled” by their therapists’ VA towards their own 

baseline.  

Our results suggest that intrapersonal and interpersonal dynamics occur simultaneously, 

which may suggest that both internal and external resources are used for affective arousal 

regulation (Uchino, Cacioppo & Kiecolt-Glaser, 1996; Dixon-Gordon et al., 2015; Zaki & 

Williams, 2013). This type of pattern is consistent with previous findings (e.g., Soma et al., 

2019). However, whereas Soma and her colleagues (as well as Bryan et al., 2018) used single 

sessions to assess these dynamics and relied on vocal pitch as their key measure of affective 

arousal, we examined these processes session-by-session throughout treatment and 

implemented  recent advances in signal processing by using multiple vocal features (Bone et 

al., 2014a).  

When we examined the pattern of change in intrapersonal affect dampening over the 

course of treatment, we found that it rose as therapy progressed (Hypothesis 2a). However, 

contrary to our hypothesis (Hypothesis 2b), we found that interpersonal dampening actually 

decreased throughout treatment. These findings echo recent psychodynamic psychotherapy 

theories which suggest that throughout treatment, clients expand their affect regulation 

capacities resulting from the combined resources of the dyad which they eventually internalize 

and “make their own” (Aron & Harris, 2014; Fosha, 2001). It is possible that throughout 

treatment as client self-regulation capacity increases, the need for the therapist as an external 
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source of regulation gradually decreases (Summers & Barber, 2010). In the current study we 

examined this theoretical idea in a sample of clients in psychodynamic psychotherapy. 

However, the idea that the client-therapist emotional experience in psychotherapy sessions 

promotes clients’ abilities to regulate their affect is central to many psychotherapy approaches 

(e.g., Greenberg, 2012; Rafaeli, Bernstein, & Young, 2010). Soma et al., (2019) which have 

reported client-therapist coregulation processes in Motivational Interviewing. Future studies 

should examine these processes with clients treated by other forms of psychotherapy.  

Finally, our third hypothesis was only partially supported by the results. Although  

contrary to  expectations (Hypothesis 3a), we did not find an association between clients’ intra-

personal dampening and session outcome, our results were in line with Hypothesis 3b. 

Specifically, sessions in which the clients  manifested inter-personal dampening were also the 

ones in which they evidenced a larger reduction in symptoms, from pre- to post-session. It is 

possible that within-session gains (improvement in wellbeing from pre- to post-session) are 

more highly affected by interpersonal processes between the client and the therapist than by 

intrapersonal processes that occur within the client. The association between interpersonal 

arousal dampening and session outcome is consistent with both social baseline and attachment 

theories, which predict that people often rely on each other as regulatory resources to enhance 

their feeling of security (Beckes & Coan, 2011; Sbarra & Hazan, 2008). These results are also 

consistent with several psychodynamic models (e.g., Benjamin, 2003; Fonagy et al., 2018; 

Fosha, 2001; Winnicott, 1971) which highlight the importance of emotional connection 

(previously found to be related  to greater empathy; Bryan et al., 2018; Imel et al., 2014; cf., 

Gaume et al., 2019).  

This study extends earlier work exploring moment-to-moment affect dynamics among 

clients and therapists (Bryan et al., 2018; Soma et al., 2019) in several ways. First, most 

previous studies of interpersonal dynamics have focused on client-therapist synchrony 
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(Altmann et al., 2019; Kleinbub, 2017; Marci et al., 2007; Ramseyer & Tshcacher, 2014). Our 

study examined interpersonal dampening (or what Butler and Randall [2013] refer to as 

coregulation); i.e., a specific form of synchrony in which one person’s affect influences their 

partner's affect to return the homeostasis baseline. Second, this is the first project to assess 

intra- and interpersonal affect dynamics over the course of multi-session treatment. Finally, 

this study used a multi-feature index of vocal arousal (Bone et al., 2014a) as well as a novel 

model to simultaneously assess intra- and interpersonal dynamics for both clients and 

therapists. 

Limitations, Future Directions, and Summary 

This study’s contributions should be considered in light of its limitations. One 

limitation was the relatively small sample of dyads (i.e., 30 dyads). It may be that this study 

was underpowered to detect between-dyad effects as well as smaller between-session effects, 

such as the hypothesized associations between therapist affect dynamics and session outcome, 

or the hypothesized change in the therapists’ affect dynamic patterns over the course of 

treatment. As such, our findings may be regarded as preliminary until replicated, though they 

now provide a good starting point for future a-priori power analyses.  

Our decision to focus on turn-switches has some benefits (outlined earlier) but also 

some costs. Key among these is the fact that much of the VA data (occurring outside of the 

switches) were excluded from analysis. We considered the remaining data as the most 

appropriate for modeling first-order but not second-order dynamics (see Butler et al., 2017). 

First-order dynamics can inform us about the direction and level of VA change; i.e., whether 

VA has shifted towards or away from baseline. In contrast, more continuous VA data would 

lend themselves to the modeling of second-order dynamics, which would account for the rates 

at which the speakers’ VA levels change. It would be interesting, for example, to examine how 

quickly particular clients dampen (or amplify) their arousal levels, or whether this rate of 
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change itself changes as therapy progresses. As noted above, such analyses form one of the 

advantages of the approach used by Soma and colleagues (2019). 

The framework for this work was that of dynamic systems modeling; as such, caution 

should be exercised when interpreting each coefficient by itself. There can be higher order 

effects (i.e., second-order effect; see Butler et al., 2017) but also an interaction between the 

effects found individually and between the parties. Future studies could examine the 

association between intrapersonal dampening levels and the interpersonal as well as between 

speakers. 

We found that clients’ interpersonal dampening was generally associated with better 

outcomes. However, for some clients and/or some sessions, amplification may have been even 

more therapeutic. This idea is inherent to clinical theories that emphasize emotion activation 

(e.g., Carryer & Greenberg, 2010). Future studies should thus explore the possibility that 

interpersonal emotional amplification may play an  adaptive role in successful psychotherapy 

under certain conditions (e.g., depressed people, who tend to experience more blunted emotions 

and lower arousal levels [e.g., Bylsma, Morris, & Rottenberg, 2008] and who may therefore 

benefit from activation rather than dampening).  

Relatedly, we focused our attention on affective arousal but did not distinguish between 

different types of emotions (e.g., sadness, anger, happiness). Moreover, though we attended to 

one central dimension of affective space (i.e., arousal), we did not consider its interaction with 

the other central dimension defining this space; i.e., valence (Tellegen, Watson & Clark, 1999). 

Clearly, a more fine-grained account of the specific emotion or at least the valence of the 

emotion present would be very informative. This is because some therapy sessions (or even 

entire courses of treatment) may be aimed less at down-regulation (e.g., of distress) and more 

at up-regulation (e.g., of assertive anger, playfulness, or expression of suppressed wishes). To 

further our understanding of the intra- and interpersonal affect dynamics that may accompany 
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such cases, we need more information about the specific emotions (including their valence), as 

well as the client’s specific emotional goals. 

At present, our data point to overall dampening vs. amplification patterns, but at this 

stage, tell us little about the context, topics, or specific interventions that accompanied or were 

addressed within the sessions. For example, in the current sample (of clients undergoing 

psychodynamic psychotherapy), therapists might have used questions, reflections, 

interpretations, or confrontations, and these may have had differential effects on the clients’ 

arousal levels (at times dampening them, and at other times amplifying them). The methods 

used in the present study could prove useful for future naturalistic research investigating such 

questions. This research could examine which conditions, therapist stances, or treatment 

interventions facilitate affect dampening vs. amplification. 

 Taken together, our results highlight the potential of computerized vocal analyses as a 

way of looking at moment-by-moment processes within psychotherapy sessions. They point to 

an interesting pattern of results related to affect dampening in which the interpersonal route 

(where therapists’ affective arousal “pulls” their clients’ towards homeostasis) appears to play 

as large a role, if not  larger, than the intrapersonal route (where clients’ affect arousal is pulled 

towards its own baseline). Though the findings are only preliminary, they may have clinical 

implications in terms of elucidating the therapist's role in helping clients who experience high 

affective arousal in therapy sessions. The findings may assist therapists in finding a  proper 

voice with their clients, by suggesting that it is important to be in sync with the client’s 

fluctuating affective arousal, but also to regulate one's  own arousal to  be better able to help 

clients down-regulate their painful emotions, which may lead in turn to better therapy 

outcomes.  
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Tables and Figures 

 

Figure 1. Speech-turns, pauses, IPUs, and turn-switches.  

 

Figure 2. Model 1: Intra- and interpersonal dampening coefficients contrasts between clients 

and therapists. 
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Figure 3. Clients' intrapersonal and interpersonal dampening over the course of therapy. 

 

Figure 4. The association between session outcome and clients’ intrapersonal and interpersonal 

dampening. 
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Table 1  

Fixed effect predictors for speakers’ VA change 

 Client Therapist 

 Est.(SE) CI(95%) p Est.(SE) CI(95%) p 

Intercept (𝛾 000

𝑐|𝑡
) 0.037(0.02) [-0.002,0.075] 0.06 -0.036(0.01) [-0.057, -0.015] 0.001 

Intrapersonal dampening (𝛾 100

𝑐|𝑡
) -0.412(0.01) [-0.432, -0.393] <0.001 -0.333(0.01) [-0.349, -0.317] <0.001 

Interpersonal dampening (𝛾 200

𝑐|𝑡
) -0.323(0.01) [-0.344, -0.303] <0.001 -0.219(0.01) [-0.234, -0.204] <0.001 

Table 2 

Fixed effect predictors for the modelled interaction between interpersonal dampening, 

intrapersonal dampening, and session number 

 Client Therapist 

 Est.(SE) CI(95%) p Est.(SE) CI(95%) p 

Intercept 0.036(0.02) [-0.001,0.074] 0.059 -0.036(0.01) [-0.057, -0.014] 0.001 

Intrapersonal dampening -0.411(0.01) [-0.431, -0.392] <0.001 -0.333(0.01) [-0.349, -0.317] <0.001 

Interpersonal dampening -0.326(0.01) [-0.347, -0.305] <0.001 -0.22(0.01) [-0.235, -0.205] <0.001 

Session number -0.002(0.001) [-0.005,0.001] 0.175 0.001(0.001) [-0.001,0.004] 0.297 

Intrapersonal dampening 

 X Session number -0.003(0.001) [-0.007, -0.001] 0.034 -0.001(0.001) [-0.003,0.002] 0.678 

Interpersonal dampening 

 X Session number 0.007(0.001) [0.004,0.01] 
<0.001 

0.001(0.001) [-0.001,0.004] 0.323 

 

Table 3 

Fixed effect predictors for the modelled interaction between interpersonal dampening and 

session outcome 

 
Client Therapist 

 
Est.(SE) CI(95%) p Est.(SE) CI(95%) p 

Intercept 0.037(0.02) [-0.001,0.076] 0.057 -0.036(0.01) [-0.057, -0.014] 0.001 

Intrapersonal dampening -0.413(0.01) [-0.432, -0.393] <0.001 -0.333(0.01) [-0.349, -0.317] <0.001 

Interpersonal dampening -0.324(0.01) [-0.345, -0.303] <0.001 -0.219(0.01) [-0.234, -0.205] <0.001 

ORS diff. 0.006(0.01) [-0.012,0.024] 0.553 -0.009(0.01) [-0.025,0.006] 0.238 

Intrapersonal dampening  

X ORS diff. 0.006(0.01) [-0.014,0.027] 

0.551 

-0.012(0.01) [-0.03,0.006] 0.180 
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Interpersonal dampening  

X ORS diff. -0.044(0.01) [-0.065, -0.023] 

<0.001 

0.012(0.01) [-0.004,0.028] 0.141 

 

Data transparency 

The data reported in this manuscript were previously published as part of a larger data collection, 

continuously collected in the Bar-Ilan psychology department’s outpatient clinic. Findings from the 

data collection have been reported in separate manuscripts. [removed for blind review] (2019) focus on 

self-reported ‘emotional-experience’ and ‘self-understanding’ and the association with  clients' 

functioning; [removed for blind review] (2020) focuses on intrapersonal and client-therapist 

interpersonal emotional dynamics as measured by self-reports session-to-session. Both these previous 

studies utilized self-reports of clients’ emotions, whereas in the current project we used speech 

recordings that were not examined in these studies. The current paper deal with intra- and inter-personal 

emotional dynamics, in high resolution time-series moment-by-moment within sessions, and the 

associations between these dynamics to session outcomes. 

 


