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Abstract: Imagery rescripting (IR), an effective intervention technique, may achieve its benefits
through various change mechanisms. Previous work has indicated that client–therapist physiological
synchrony during IR may serve as one such mechanism. The present work explores the possibility
that therapist-led vs. client-led synchrony may be differentially tied to clients’ emotional experiences
in therapy. The analyses were conducted with data taken from an open trial of a brief protocol
for treating test anxiety (86 IR sessions from 50 client–therapist dyads). Physiological synchrony
in electrodermal activity was indexed using two cross-correlation functions per session: once for
client leading and again for therapist leading (in both cases, with lags up to 10 s). The clients’
and therapists’ in-session emotions were assessed with the Profile of Mood States. Actor–partner
interdependence models showed that certain client (but not therapist) in-session emotions, namely
higher contentment and lower anxiety and depression, were tied to therapist-led (but not client-
led) physiological synchrony. The results suggest that therapist-led synchrony (i.e., clients’ arousal
tracking therapists’ earlier arousal) is tied to more positive and less negative emotional experiences
for clients.

Keywords: imagery rescripting; physiological synchrony; electrodermal activity; actor–partner
interdependence models

1. Introduction

Over the past two decades, psychotherapy researchers have demonstrated that
imagery-based techniques are a very effective means of intervention for various disor-
ders [1]. Because emotions are more strongly associated with images than with verbal
thoughts, imagery-based techniques appear to activate emotions more strongly than sim-
ple conversation [1,2]. Much of the work on imagery-based techniques has centered on
imagery with rescripting (i.e., imagery rescripting (IR)), an approach which was originally
developed for work with clients who had undergone traumatic experiences (e.g., [3,4]). In
IR, imagery is used to activate distressing memories replete with vivid sensory and emo-
tional and cognitive content, an activation which also helps clarify unmet needs that still
plague the client (e.g., [5]). The reactivated experience is then “rescripted” (i.e., changed in
the imagination in a positive, desired direction) so that the unmet needs of the vulnerable
or traumatized self are satisfied, at least in part. To accomplish this, the client is asked to
imagine the scene from the perspective of their present self and step into the image to do
whatever is necessary to satisfy the needs of their vulnerable selves [6–8].

Mental images simulate perceptual processes and elicit reactions that are quite similar
to real experiences [9,10]. Consequently, as numerous laboratory studies have shown,
imagery can activate strong physiological responses (e.g., [11–13]). To date, however, the
role of physiological arousal vis-à-vis emotional activation in IR has received little attention.
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This appears to be an important lacuna. After all, physiological data can serve as an
objective measure of the arousal component of participants’ emotional responses, particu-
larly those of anxiety and stress [14,15]. They can be collected with minimal client burden
and disruption to the treatment itself [14]. Unlike self-reports, physiological measures can
be recorded continuously with a high temporal resolution and are therefore able to capture
important nuanced responses. Consequently, physiological measures may open a window
into identifying additional mechanisms of change in IR that go beyond cognitive accounts
(e.g., [6,16,17]) and may allow us to detect beneficial emotional processes.

The evocative potency of IR often leads to emotional activation (and to its attendant
physiological reactions) in the therapist alongside the client. It is quite possible that
this synchronous activation could serve as a mechanism of change by increasing the
sense of a shared experience within the dyad and by catalyzing the client’s intrapersonal
emotional processes.

To date, interpersonal processes in IR have received mostly theoretical attention.
Rafaeli et al. [18] hypothesized that therapists’ emotional activation during IR may serve
as a mechanism of change having to do with shared emotions, shared focus and greater
empathy or attunement. More generally, Koole and Tschacher’s In-Sync model [19] postu-
lated that synchronous (i.e., shared) emotions and experiences from clients and therapists
lead to a shared experience and better client emotion regulation.

Several studies have investigated the dynamics and clinical meaning of client–therapist
physiological synchrony (for a review, see [20]). As a group, these studies generally demon-
strate positive associations between synchrony on the one hand and adaptive processes
(e.g., empathy or attachment) on the other. To our knowledge, only two studies have
examined physiological synchrony specifically during imagery interventions (with or with-
out rescripting). Both studies involved multiple sessions and used electrodermal activity
(EDA) as an index of arousal (based on extensive work demonstrating the sensitivity of
EDA to emotional and cognitive processing, such as in [21,22]). Additionally, both studies
compared client–therapist EDA synchrony during imagery vs. cognitive behavioral (CB)
segments of sessions and found the former (but not the latter) to be tied to therapeutic
bond ratings [23] and to the next session’s (as well as overall treatment’s) outcome [24].

Notably, both studies utilized an overall synchrony index (namely cross-correlation
functions computed using ±10-s lags on the dyads’ residualized EDA time series). As such,
they do not allow us to distinguish between synchronous experiences that are led by one
party (e.g., the client) or by the other (e.g., the therapist). In other words, these studies’ re-
sults could not be used to identify which party typically drives the physiological synchrony,
nor could they tell us whether both therapist-driven and client-driven synchrony—or only
one of the two—were tied to adaptive therapeutic processes.

To begin answering these questions, we may draw on the study of synchrony pro-
cesses within other dyadic contexts. In developmental psychology, for example, studies
on caregiver–infant interactions have demonstrated that both parties co-regulate their
physiology and emotions in a dynamically responsive way to each other [25]. Feldman
(e.g., [26,27]; see also [28]) described caregiver–infant synchrony as reciprocal processes
(on the sensory, hormonal and physiological levels) and suggested that it serves as an
important part in infant’s development, such as in self-regulation capacity.

Several authors (e.g., [29]) have argued that synchrony between therapists and clients
is likely to lead to similar self-regulation benefits. This may be particularly true for syn-
chrony experienced during emotionally charged therapeutic moments, such as IR segments.

Specifically, in IR, the client and the therapist deliberately activate a memory or an
experience which elicits an emotional reaction. Sharing and processing this experience, as
well as communicating the emotions that accompany it, often generates emotional reactions
in both parties, setting off dynamic dyadic affective processes [29]. Such processes may be
characterized by synchrony or asynchrony, as well as by leading or following. Synchrony
may exert its benefits best when a therapist tracks their client’s arousal levels—which may
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suggest empathic accuracy or a shared experience (e.g., [30])—or when the client tracks
their therapist’s arousal level, which may suggest that co-regulation is occurring (e.g., [31]).

To examine these two (not necessarily incompatible) possibilities, the present study
used EDA data from 50 client–therapist dyads who participated in a 6-session imagery-
based treatment addressing test anxiety. Sessions 3 and 4 of the protocol use the tradi-
tional IR of past situations. We used the EDA data from these two sessions to investigate
the associations between a client’s emotional experience during these sessions and both
therapist-led and client-led physiological synchrony. Specifically, we calculated two syn-
chrony indices. Therapist-led synchrony was defined as the cross-correlation within a lag
of 0–10 s with the therapist preceding the client, while client-led synchrony was defined
as the cross-correlation within a lag of 0–10 s with the client preceding the therapist. We
expected our data to provide a conceptual replication of the positive associations between
physiological synchrony and adaptive therapy processes found previously [23,24]. More-
over, our central (though exploratory) goal was to distinguish between therapist-led and
client-led physiological synchrony and determine whether either or both are associated
with adaptive emotional experiences (i.e., lower negative emotions and higher positive
ones) in IR sessions.

2. Materials and Methods
2.1. Clients

A total of 90 potential participants were recruited using flyers and a campus newsletter.
The following inclusion criteria were applied: (1) a score higher than 54 on the Test Anxiety
Inventory (TAI [32]); (2) absence of an imminent risk for suicide; and (3) currently no
other psychological treatment for test anxiety. Based on these criteria, three participants
were excluded. Twelve additional participants dropped out after the intake examination
because of timing or setting concerns. Seventy-five clients met the inclusion criteria and
began treatment. Of these, 11 clients dropped out during the treatment period. Thus,
64 clients completed the entire 6-session protocol. The present study utilized data solely
from Sessions 3 and 4, in which traditional IR techniques were used. Physiological data
from 14 clients (or their therapists) were lost due to poor signals or technical problems;
thus, the final sample consisted of 50 clients (44 female, MAge = 25.3, SDAge = 6.17). The
clients differed in terms of their academic fields, with psychology, law, education, business
and computer science being the most frequent ones. Table 1 provides additional client
information.

Table 1. Client characteristics.

M SD

Academic Year 4.82 3.82
TAI 65.24 7.78
Marital Status N %

Single 35 70
In a Relationship 12 24
Married 2 4
Divorced 1 2

Degree Being Pursued
Bachelor 36 72
Master 6 12
Other 8 16

Written informed consent was obtained from all clients. Other than receiving the treat-
ment at no cost, participants were not compensated in any way. All procedures performed
in this study involving human participants were in accordance with the ethical standards of
the institutional or national research committee and with the 1964 Declaration of Helsinki
and its later amendments or comparable ethical standards. This study was approved by
the local research ethics committee (Nr. 01/2020, ethics committee of Trier University).
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2.2. Therapists, Treatment, Training and Supervision

Twenty-two therapists treated between one and six clients each (M = 2.27 clients,
SD = 1.09). The therapists were either psychotherapy trainees with at least one year
of experience as clinicians (N = 5) or masters students in clinical psychology with no
prior clinical experience (N = 17). All therapists received intensive training in using
the treatment protocol and were supervised by a senior therapist in weekly video-based
group supervision.

The treatment used was based on a six-session protocol integrating different cognitive
behavioral (CB) as well as imagery-based techniques (for the full protocol, see www.osf.
io/hraqd (accessed on 21 November 2021)). This protocol’s effectiveness for the treatment
of test anxiety has been previously reported [33]. The protocol’s CB components include
psychoeducation at the beginning of treatment, discussion of present and elaboration of
alternative perceptions, feelings, behaviors and cognitions in past and future learning and
exam situations and the optimization of learning strategies and procedures in exams. The
protocol’s imagery-based components differ from session to session. The present study
uses data from Sessions 3 and 4, in which the traditional IR of past situations was used.

2.3. Measures
2.3.1. POMS

To assess the clients’ and therapists’ in-session emotions, we used a shortened version
of the Profile of Mood States [34]. Each of the seven mood variables (contentment, vigor,
calmness, anxiety, depression, anger and fatigue) was assessed by three items (e.g., for
depression: hopeless, discouraged and sad). Clients and therapists were asked to rate the
extent to which they had felt these feelings during the session on a five-point Likert scale
(“1” = “not at all” and “5” = “extremely”). The POMS has been validated and applied in
several previous studies (e.g., [34,35]), and it demonstrated excellent internal consistency
in present study (α ranged from 0.80 (Session 3) to 0.81 (Session 4)).

2.3.2. Client–Therapist EDA Synchrony

EDA was monitored simultaneously for the client and therapist. Two Ag/AgCl
electrodes were attached to the third and fourth digits of the non-dominant hand. The signal
was recorded at a sampling rate of 500 Hz using a Becker Meditec EDA module amplifier
(Karlsruhe, Germany; with 0–100 µS, sensitivity: 25 mV/µS) connected to the acquisition
computer via a Cesys C028149 USB-ISOLATOR and downsampled to 25 Hz. Several
preprocessing steps were conducted before the cross-correlation functions (CCFs) were
applied. First, the raw data were screened, and any artifacts were removed. Nonresponsive
signals (EDA > 1 µs in at least 10% of the time series) were excluded from the analyses.
Second, the signal was recorded in 1-s intervals and averaged across 2-min segments.
Third, the auto.arima function (forecast package for R [36]) was applied to remove the
autocorrelated component for each EDA time series. (For a similar approach, see [23,24])

Two CCFs were computed per session, one in which the client led (with a maximum
lag of +10 s) and one in which the therapist led (with a maximum lag of −10 s). The maximal
positive (in-phase) correlations (one for each CCF) were used as the two synchrony indices.

A total of 86 sessions (out of 50 × 2 = 100) were analyzed. Three sessions were not
recorded due to technical problems. An additional 11 sessions were excluded because of
non-responsive signals from either the clients or the therapists.

2.4. Data Analysis
Actor–Partner Interdependence Models

Given the dyadic nature of our data, we used a series of actor–partner interdependence
models (APIMs; see Figure 1), with one for each POMS scale. The two dependent variables
(client’s POMS ratings and therapist’s POMS ratings) are modeled on four independent
variables (client-led and therapist-led physiological synchrony, as well as lagged client and
therapist POMS ratings from the previous session). Paths marked as “a” represent actor

www.osf.io/hraqd
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effects (i.e., the degree to which the client-led or therapist-led synchrony predicts their own
post-session POMS ratings). Paths marked as “p” represent partner effects (i.e., the degree
to which the client-led or therapist-led synchrony predicts their partner’s post-session
POMS ratings). The actor and partner paths are estimated simultaneously while adjusting
for each actor’s lagged POMS ratings, and U and U’ denote the residual error terms for the
two dependent variables.

Figure 1. The Actor–Partner Interdependence Model. Note: U = residual error for client; U’ = residual
error for therapist; a = actor effect; p = partner effect.

The models were estimated using the two-intercept approach to multilevel model-
ing [37] with the following equation:

POMStp/cd = b0cd + b1cd × POMS(t−1)cd
+ b2cd × Client-led Synchronytcd + b3cd × Therapist-led Synchronytcd + etcd
+ b4pd + b5pd × POMS(t−1)pd
+ b6pd × Therapist-led Synchronytpd + b7pd × Client-led Synchronytpd + etpd

Here, the POMS score in each session (t) for the client (c) or psychotherapist (p) in
each dyad (d) is modeled using their own lagged (t − 1) POMS score, as well as the two
(client-led and therapist-led) synchrony scores (which serve as actor and partner effects,
interchangeably) and a within-person residual error score. This model was run seven times:
once for each POMS emotion (contentment, vigor, calmness, anxiety, depression, anger
and fatigue).

3. Results

The results from the three APIM analyses predicting positive emotions showed that
only therapist-led synchrony was associated with clients’ emotional experience, signifi-
cantly so for contentment and marginally for vigor and calmness. Client-led synchrony
was not significantly associated with therapists’ or clients’ emotional experiences. All
results are presented in Table 2.
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Table 2. APIMs of therapist- and client-led synchrony as predictors of both actor and partner positive
POMS ratings.

POMS Emotion Synchrony Predictors Estimate Std. Error p

Contentment
Therapist-Led Actor 6.048 3.891 0.122
Client-Led Actor −3.428 3.859 0.376
Therapist-Led Partner 10.083 3.893 0.010
Client-Led Partner 1.993 3.859 0.606

Vigor
Therapist-Led Actor 3.169 3.122 0.313
Client-Led Actor 1.420 3.087 0.646
Therapist-Led Partner 5.557 3.113 0.076
Client-Led Partner 3.928 3.085 0.205

Calmness
Therapist-Led Actor 4.747 3.093 0.143
Client-Led Actor −2.400 3.057 0.441
Therapist-Led Partner 5.840 3.087 0.075
Client-Led Partner −0.009 3.057 0.997

Note: Actor effects involve therapist-led or client-led synchrony predicting the actor’s own emotional experience
as the outcome. Partner effects involve therapist-led or client-led synchrony predicting the partner’s emotional
experience as the outcome.

Negative Emotions as Outcomes

The results from the four APIM analyses predicting negative emotions showed that
higher therapist-led synchrony was significantly associated with a lower client emotional
experience of anxiety and depression, as well as marginally lower fatigue. No associations
were found for the emotional experience of anger. In addition, client-led synchrony was
significantly associated with the higher client emotional experience of anxiety. All results
are presented in Table 3.

Table 3. APIMs of therapist- and client-led synchrony as predictors of both actor and partner negative
POMS ratings.

POMS Emotion Synchrony Predictors Estimate Std. Error p

Anxiety
Therapist-Led Actor −2.924 3.172 0.358
Client-Led Actor 9.383 3.120 0.003
Therapist-Led Partner −8.439 3.147 0.008
Client-Led Partner −0.299 3.142 0.924

Depression
Therapist-Led Actor −1.872 3.618 0.606
Client-Led Actor 3.790 3.580 0.292
Therapist-Led Partner −10.499 3.616 0.004
Client-Led Partner 1.976 3.564 0.580

Anger
Therapist-Led Actor −0.792 3.109 0.799
Client-Led Actor 2.298 3.058 0.454
Therapist-Led Partner −0.999 3.084 0.746
Client-Led Partner 0.151 3.079 0.961

Fatigue
Therapist-Led Actor −3.586 3.276 0.275
Client-Led Actor 0.192 3.244 0.953
Therapist-Led Partner −5.908 3.272 0.073
Client-Led Partner −3.012 3.268 0.358

Note: Actor effects involve therapist-led or client-led synchrony predicting the actor’s own emotional experience
as the outcome. Partner effects involve therapist-led or client-led synchrony predicting the partner’s emotional
experience as the outcome.
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4. Discussion

The present study aimed to identify specific EDA dynamics in client–therapist dyads
during IR that are associated with in-session emotional experiences. To our knowledge,
this is the first study examining physiological synchrony in regard to a leading or following
partner in IR. Therapist-led synchrony was significantly associated with clients’ in-session
emotional experiences of greater contentment, lower anxiety and lower depression and
marginally associated with the experience of greater vigor and calmness and lower fatigue.
In addition, client-led synchrony was significantly associated with their own greater
feelings of anxiety. No association was found between either synchrony score and the
emotional experience of anger.

As expected, the results highlight the importance of distinguishing between therapist-
led and client-led synchrony. Therapist-led synchrony was associated with more positive
and less negative in-session client emotional experiences. In contrast, with one exception
(i.e., greater anxiety), client-led synchrony was unrelated to the clients’ emotional experi-
ences.

These results are in line with the previous literature conferring a mood-regulatory
role on the therapist (e.g., [29]). Specifically, the results of the present study indicate that
beneficial emotion regulation occurs not only because clients share their emotions with
their therapists (as has been predicted, for example, by the social baseline theory [38]) but
also because they synchronize their arousal levels with those of their therapists (but only
when the temporal sequence has the therapist in the lead and is client-following). This
is particularly interesting because this process typically happens outside of awareness.
During the emotionally intensive IR segments, therapists often empathize with their clients’
narratives [23] and, presumably, the more this occurs, the better they are able to help the
client process and regulate their emotions. The present results suggest that more effective
therapists may actually be “guiding” their clients through the emotions that arise during
IR, with the therapists being slightly ahead of their clients’ emotional responses.

In the present study, only certain emotions were significantly associated with therapist-
led synchrony. This finding may have to do with the specific distress with which clients in
this study were contending, namely test anxiety. Test anxiety is characterized by negative
thoughts about consequences or failure in exams or other evaluation-related situations.
Its symptoms include both emotional ones (e.g., fear and anxiety) and behavioral ones
(e.g., sleep disturbance, procrastination, impaired motivation and rumination). Notably,
these behavioral symptoms are quite similar to depressive reactions. This may explain
why therapist-led physiological synchrony was associated most strongly with feelings of
anxiety and depression.

Methodologically, the marginal findings (with fatigue, vigor and calm) and the non-
significant finding (with anger) may be attributable to floor effects, namely ratings that
were low and lacked much variability. Such ratings make the detection of significant effects
nearly impossible.

Strengths, Limitations and Future Directions

The current study is novel in several respects. To our knowledge, it is the first study to
examine leading and following with regard to physiological synchrony in psychotherapy,
rather than simply examining the overall cross-correlations. Its use of multiple (in this
case, two) sessions per dyad is an additional strength, as it its focus on IR segments (in
which emotional activation tends to be most consequential). By focusing on IR, a technique
without eye contact, our results demonstrate that the observation of others’ emotional
responses is not needed for synchronization or its benefits.

These strengths notwithstanding, several limitations of this study are noteworthy. The
POMS items were used to assess emotions experienced during the entire session and not
only during the IR segments. Even though the CB segments, which tended to be more
conversational and less experiential, are likely generate lower emotional activation than
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the IR segments (see also [1,2]), these segments may have also influenced the post-session
POMS ratings.

Additionally, prior research on IR mechanisms has mostly relied on laboratory studies,
which induce memories or feelings in a controlled setting (e.g., [39,40]). To better under-
stand how IR can address the emotional beliefs and dysfunctional schemas that underlie
emotional disorders, we chose to examine IR mechanisms in a more ecologically valid
treatment setting. However, our choice robs us of the possibility (available in lab studies)
to control both the content and the temporal aspects of the experience.

Another shortcoming of the present study is its focus on sympathetic arousal. Our use
of EDA, an indicator of sympathetic activation, is considered to be positively associated
with emotional arousal and specifically with emotions such as anger, anxiety and fear [41].
The use of alternative measures which were unavailable to us (e.g., heart rate variability
(HRV), a measure of parasympathetic functioning) may have painted a different picture,
as such measures are more strongly associated with self-regulation [42]. Indeed, our non-
significant results (with most positive emotions) may stem from this limitation, as our EDA
responses did not capture parasympathetic functioning. Furthermore, the indexation of
synchrony as a maximum positive (in-phase) correlation only reflected co-regulation to a
limited extent. Future studies could benefit from the collection of both the EDA and HRV
channels as well as the separate investigation of in-phase and anti-phase correlations.

5. Conclusions

The present study adds to the growing body of research investigating IR mechanisms,
and the findings highlight the importance of examining physiological processes. The
results provide the first evidence that therapists’ physiological reactions—and their clients’
subsequent synchronization with these reactions—may be tied to better session-level
outcomes, at least with respect to client anxiety and depression. Methodologically, this
study provides further evidence for the importance of assessing leading vs. following in
physiological synchrony.

Author Contributions: Conceptualization, J.P.; methodology, J.P., E.R. and W.L.; formal analysis, J.P.
and J.W.; writing—original draft preparation, J.P.; writing—review and editing, E.R. and W.L. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
the University of Trier (protocol code Nr. 01/2020 and date of approval 27 July 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets analyzed in the current study are available from the
corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wheatley, J.; Hackmann, A.; Brewin, C. Imagery rescripting for intrusive sensory memories in major depression following

traumatic experiences. In A Casebook of Cognitive Therapy for Traumatic Stress Reactions; Grey, N., Ed.; Routledge: Oxfordshire, UK,
2009; pp. 78–92.

2. Rafaeli, E.; Bernstein, D.P.; Young, J. Schema Therapy: Distinctive Features; Routledge: Oxfordshire, UK, 2010.
3. Arntz, A.; Tiesema, M.; Kindt, M. Treatment of ptsd: A comparison of imaginal exposure with and without imagery rescripting.

J. Behav. Ther. Exp. Psychiatry 2007, 38, 345–370. [CrossRef]
4. Smucker, M.R.; Dancu, C.; Foa, E.B.; Niederee, J.L. Imagery rescripting: A new treatment for survivors of childhood sexual abuse

suffering from posttraumatic stress. J. Cogn. Psychother. 1995, 9, 3–17. [CrossRef]
5. Arntz, A.; Thoma, T.; McKay, D. Imagery rescripting for posttraumatic stress disorder. In Working with Emotion in Cognitive-

Behavioral Therapy: Techniques for Clinical Practice; Thoma, N.C., McKay, D., Eds.; Guilford Publications: New York, NY, USA, 2014;
pp. 203–2015.

http://doi.org/10.1016/j.jbtep.2007.10.006
http://doi.org/10.1891/0889-8391.9.1.3


Entropy 2021, 23, 1556 9 of 10

6. Arntz, A. Imagery rescripting as a therapeutic technique: Review of clinical trials, basic studies, and research agenda. J. Exp.
Psychopathol. 2012, 3, 189–208. [CrossRef]

7. Arntz, A.; Weertman, A. Treatment of childhood memories: Theory and practice. Behav. Res. Ther. 1999, 37, 715–740. [CrossRef]
8. Holmes, E.A.; Arntz, A.; Smucker, M.R. Imagery rescripting in cognitive behaviour therapy: Images, treatment techniques and

outcomes. J. Behav. Ther. Exp. Psychiatry 2007, 38, 297–305. [CrossRef]
9. Holmes, E.A.; Mathews, A. Mental imagery in emotion and emotional disorders. Clin. Psychol. Rev. 2010, 30, 349–362. [CrossRef]
10. Ji, J.L.; Heyes, S.B.; MacLeod, C.; Holmes, E.A. Emotional mental imagery as simulation of reality: Fear and beyond—A tribute to

peter lang. Behav. Ther. 2016, 47, 702–719. [CrossRef]
11. Cuthbert, B.N.; Lang, P.J.; Strauss, C.; Drobes, D.; Patrick, C.J.; Bradley, M.M. The psychophysiology of anxiety disorder: Fear

memory imagery. Psychophysiology 2003, 40, 407–422. [CrossRef]
12. Lang, P.J.; Levin, D.N.; Miller, G.A.; Kozak, M.J. Fear behavior, fear imagery, and the psychophysiology of emotion: The problem

of affective response integration. J. Abnorm. Psychol. 1983, 92, 276–306. [CrossRef]
13. Miller, G.A.; Levin, D.N.; Kozak, M.J.; Cook, E.W.; McLean, A.; Lang, P.J. Individual differences in imagery and the psychophysi-

ology of emotion. Cogn. Emot. 1987, 1, 367–390. [CrossRef]
14. Deits-Lebehn, C.; Baucom, K.J.W.; Crenshaw, A.O.; Smith, T.W.; Baucom, B.R.W. Incorporating physiology into the study of

psychotherapy process. J. Couns. Psychol. 2020, 67, 488–499. [CrossRef]
15. Hill-Soderlund, A.L.; Mills-Koonce, W.R.; Propper, C.; Calkins, S.D.; Granger, D.A.; Moore, G.A.; Gariepy, J.-L.; Cox, M.J.

Parasympathetic and sympathetic responses to the strange situation in infants and mothers from avoidant and securely attached
dyads. Dev. Psychobiol. 2008, 50, 361–376. [CrossRef]

16. Brewin, C.R.; Wheatley, J.; Patel, T.; Fearon, P.; Hackmann, A.; Wells, A.; Fisher, P.; Myers, S. Imagery rescripting as a brief
stand-alone treatment for depressed patients with intrusive memories. Behav. Res. Ther. 2009, 47, 569–576. [CrossRef]

17. Dibbets, P.; Poort, H.; Arntz, A. Adding imagery rescripting during extinction leads to less aba renewal. J. Behav. Ther. Exp.
Psychiatry 2012, 43, 614–624. [CrossRef]

18. Rafaeli, E.; Maurer, O.; Thoma, N.C. Working with modes in schema therapy. In Working with Emotion in Cognitive Behavioral
Therapy: Techniques for Clinical Practice; Guilford Publications: New York, NY, USA, 2014; pp. 263–287.

19. Koole, S.L.; Tschacher, W. Synchrony in psychotherapy: A review and an integrative framework for the therapeutic alliance.
Front. Psychol. 2016, 7, 862. [CrossRef]

20. Kleinbub, J.R. State of the art of interpersonal physiology in psychotherapy: A systematic review. Front. Psychol. 2017, 8, 2053.
[CrossRef]

21. Dawson, M.E.; Schell, A.M.; Filion, D.L. The electrodermal system. In Handbook of Psychophysiology; Cacioppo, J.T., Tassinary, L.G.,
Berntson, G.G., Eds.; Cambridge University Press: Cambridge, UK, 2017; pp. 217–243.

22. Sequeira, H.; Hot, P.; Silvert, L.; Delplanque, S. Electrical autonomic correlates of emotion. Int. J. Psychophysiol. 2019, 71, 50–56.
[CrossRef]

23. Bar-Kalifa, E.; Prinz, J.; Atzil-Slonim, D.; Rubel, J.A.; Lutz, W.; Rafaeli, E. Physiological synchrony and therapeutic alliance in an
imagery-based treatment. J. Couns. Psychol. 2019, 66, 508–517. [CrossRef]

24. Prinz, J.; Rafaeli, E.; Reuter, J.K.; Bar-Kalifa, E.; Lutz, W. Physiological activation and co-activation in an imagery-based treatment
for test anxiety. Psychother. Res. J. Soc. Psychother. Res. 2021, 1–11. [CrossRef]

25. Buhler-Wassmann, A.C.; Hibel, L.C. Studying caregiver-infant co-regulation in dynamic, diverse cultural contexts: A call to
action. Infant Behav. Dev. 2021, 64, 101586. [CrossRef]

26. Feldman, R. Parent-infant synchrony and the construction of shared timing; physiological precursors, developmental outcomes,
and risk conditions. J. Child Psychol. Psychiatry Allied Discip. 2007, 48, 329–354. [CrossRef]

27. Feldman, R. Bio-behavioral synchrony: A model for integrating biological and microsocial behavioral processes in the study of
parenting. Parenting 2012, 12, 154–164. [CrossRef]

28. Hofer, M.A. Psychobiological roots of early attachment. Curr. Dir. Psychol. Sci. 2006, 15, 84–88. [CrossRef]
29. Fosha, D. The dyadic regulation of affect. J. Clin. Psychol. 2001, 57, 227–242. [CrossRef]
30. Ramseyer, F.; Tschacher, W. Nonverbal synchrony in psychotherapy: Coordinated body movement reflects relationship quality

and outcome. J. Consult. Clin. Psychol. 2011, 79, 284–295. [CrossRef]
31. Paz, A.; Rafaeli, E.; Bar-Kalifa, E.; Gilboa-Schectman, E.; Gannot, S.; Laufer-Goldshtein, B.; Narayanan, S.; Keshet, J.; Atzil-Slonim,

D. Intrapersonal and interpersonal vocal affect dynamics during psychotherapy. J. Consult. Clin. Psychol. 2021, 89, 227–239.
[CrossRef]

32. Spielberger, C.D. Test Anxiety Inventory: Preliminary Professional Manual; Consulting Psychologist Press: Palo Alto, CA, USA, 1980.
33. Prinz, J.; Bar-Kalifa, E.; Rafaeli, E.; Sened, H.; Lutz, W. Imagery-based treatment for test anxiety: A multiple-baseline open trial. J.

Affect. Disord. 2019, 244, 187–195. [CrossRef]
34. Cranford, J.A.; Shrout, P.E.; Iida, M.; Rafaeli, E.; Yip, T.; Bolger, N. A procedure for evaluating sensitivity to within-person change:

Can mood measures in diary studies detect change reliably? Personal. Soc. Psychol. Bull. 2006, 32, 917–929. [CrossRef]
35. Bar-Kalifa, E.; Abba-Daleski, M.; Pshedetzky-Shochat, R.; Gleason, M.E.J.; Rafaeli, E. Respiratory sinus arrhythmia as a dyadic

protective factor in the transition to parenthood. Psychophysiology 2021, 58, e13736. [CrossRef]
36. Hyndman, R.J.; Athanasopoulos, G. Forecasting: Principles and Practice; OTexts: Melbourne, Australia, 2018.

http://doi.org/10.5127/jep.024211
http://doi.org/10.1016/S0005-796700173-9
http://doi.org/10.1016/j.jbtep.2007.10.007
http://doi.org/10.1016/j.cpr.2010.01.001
http://doi.org/10.1016/j.beth.2015.11.004
http://doi.org/10.1111/1469-8986.00043
http://doi.org/10.1037/0021-843X.92.3.276
http://doi.org/10.1080/02699938708408058
http://doi.org/10.1037/cou0000391
http://doi.org/10.1002/dev.20302
http://doi.org/10.1016/j.brat.2009.03.008
http://doi.org/10.1016/j.jbtep.2011.08.006
http://doi.org/10.3389/fpsyg.2016.00862
http://doi.org/10.3389/fpsyg.2017.02053
http://doi.org/10.1016/j.ijpsycho.2008.07.009
http://doi.org/10.1037/cou0000358
http://doi.org/10.1080/10503307.2021.1918353
http://doi.org/10.1016/j.infbeh.2021.101586
http://doi.org/10.1111/j.1469-7610.2006.01701.x
http://doi.org/10.1080/15295192.2012.683342
http://doi.org/10.1111/j.0963-7214.2006.00412.x
http://doi.org/10.1002/1097-467957:23.0.CO.;2-1
http://doi.org/10.1037/a0023419
http://doi.org/10.1037/ccp0000623
http://doi.org/10.1016/j.jad.2018.10.091
http://doi.org/10.1177/0146167206287721
http://doi.org/10.1111/psyp.13736


Entropy 2021, 23, 1556 10 of 10

37. Cook, W.L.; Kenny, D.A. The actor–partner interdependence model: A model of bidirectional effects in developmental studies.
Int. J. Behav. Dev. 2005, 29, 101–109. [CrossRef]

38. Coan, J.A.; Sbarra, D.A. Social baseline theory: The social regulation of risk and effort. Curr. Opin. Psychol. 2015, 1, 87–91.
[CrossRef]

39. Dibbets, P.; Arntz, A. Imagery rescripting: Is incorporation of the most aversive scenes necessary? Memory 2016, 24, 683–695.
[CrossRef]

40. Kunze, A.E.; Arntz, A.; Kindt, M. Investigating the effects of imagery rescripting on emotional memory: A series of analogue
studies. J. Exp. Psychopathol. 2019, 10, 204380871985073. [CrossRef]

41. Kreibig, S.D. Autonomic nervous system activity in emotion: A review. Biol. Psychol. 2010, 84, 394–421. [CrossRef]
42. Thayer, J.F.; Hansen, A.L.; Saus-Rose, E.; Johnsen, B.H. Heart rate variability, prefrontal neural function, and cognitive perfor-

mance: The neurovisceral integration perspective on self-regulation, adaptation, and health. Ann. Behav. Med. 2009, 37, 141–153.
[CrossRef]

http://doi.org/10.1080/01650250444000405
http://doi.org/10.1016/j.copsyc.2014.12.021
http://doi.org/10.1080/09658211.2015.1043307
http://doi.org/10.1177/2043808719850733
http://doi.org/10.1016/j.biopsycho.2010.03.010
http://doi.org/10.1007/s12160-009-9101-z

	Introduction 
	Materials and Methods 
	Clients 
	Therapists, Treatment, Training and Supervision 
	Measures 
	POMS 
	Client–Therapist EDA Synchrony 

	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

