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Abstract  6 

ABSTRACT 

Imagery-based techniques have received increasing interest in psychotherapy research. 

Whereas their effectiveness has been shown for various psychological disorders, their 

underlying mechanisms remain unclear. Current research predominantly investigates 

intrapersonal processes, while interpersonal processes have received no attention to date. The 

aim of the current dissertation was to fill this lacuna. The three interrelated studies comprising 

this dissertation were the first to examine the effectiveness of imagery-based techniques in the 

treatment of test anxiety, relate physiological arousal to emotional processing, and investigate 

the association between physiological synchrony and multiple process measures.   

Study I investigated the feasibility of a newly developed protocol, which integrates 

imagery-based and cognitive-behavioral components, to treat test anxiety in a sample of 31 

students. The results indicated the protocol as acceptable, feasible, and effective in the treatment 

of test anxiety. Additionally, the imagery-based component was positively associated with 

therapeutic bond, session evaluation, and emotional experience.  

Study II shifted the focus from the effectiveness of imagery-based techniques to client-

therapist physiological synchrony as a putative mechanism of change in the same sample. The 

results suggested that physiological synchrony was greater than chance during both imagery-

based and cognitive-behavioral components.  Variability of physiological synchrony on the 

session-level during the imagery-based components and variability on both levels (session and 

dyad) during the cognitive-behavioral components were demonstrated. Furthermore, 

physiological synchrony of the imagery-based segments was positively assocatied with 

therapeutic bond. No association was found for the cognitive-behavioral components.  

Study III examined both intrapersonal (i.e., clients’ electrodermal activity) and 

interpersonal (i.e., client-therapist electrodermal activity synchrony) processes and their 

associations with emotional processing in a sample of 49 client-therapist-dyads. The results
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 suggested that higher client physiological arousal and a moderate level of physiological 

synchrony were associated with deeper emotional processing. 

Taken together, the results highlight the effectiveness of imagery-based techniques in 

the treatment of test anxiety. Furthermore, the results of Studies II and III support the idea of 

physiological synchrony as a mechanism of change in imagery with and without rescripting. 

The current dissertation takes an important step towards optimizing process research within 

psychotherapy and contributes to a better understanding of the potency and mechanisms of 

change of imagery-based techniques. We hope that these studies’ implications will support 

everyday clinical practice. 
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1 INTRODUCTION 

Accumulating evidence suggests that clients receiving psychotherapy benefit more than 

those who do not in terms of their overall functioning, wellbeing, and a reduction of disorder-

related symptoms (Cuijpers, Cristea, Karyotaki, Reijnders, & Hollon, 2019; Cuijpers, Donker, 

Weissman, Ravitz, & Cristea, 2016).  In contrast, less is known about how therapies work and 

which mechanisms are the basis for their effectiveness (Cuijpers, Reijnders, & Huibers, 2019). 

While it is relatively straightforward to examine whether therapies work, defining exactly how 

they do so proves more of a challenge. To optimize psychotherapy, it is important to understand 

how these processes work and which mechanisms of change underlie them. When this general 

perspective on mechanisms of change is focused on a single therapeutic intervention, a more 

concrete examination is possible. As one of the new frontiers in cognitive behavioral therapy, 

imagery-based techniques are a tremendously exciting field to investigate (Hackmann, Bennett-

Levy, & Holmes, 2011).  

Imagery-based techniques have sparked scientific interest since the end of the 20th 

century (Van der Kolk, & Van der Hart, 1989). Over the last decades, diverse imagery-based 

techniques have been harnessed in clinical practice and have also been adapted from their 

original purpose of evoking emotions to serve additional purposes, such as cognitive 

modification of maladaptive thinking habits. Accumulating evidence suggests that these are 

powerful therapeutic techniques for the treatment of diverse mental disorders (e.g., Raabe, 

Ehring, Marquenie, Olff, & Kindt, 2015; Lee & Kwon, 2013) and it is concluded that memory 

processes play a key role in their mode of action (Arntz, 2012). Still, the underlying mechanisms 

of change remain unclear. To gain insight into the processes underlying imagery-based 

techniques, process research is needed.  

Process research investigates systematic changes in or between psychotherapy sessions 

that are a result of therapeutic interactions (Crits-Christoph, Johnson, Connolly Gibbons, & 
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Gallop, 2013). Process research has been useful to examine the association between in-session 

variables (e.g., therapeutic bond) and outcomes from pre-to post-treatment (Horvath, Del Re, 

Fluckiger, & Symonds, 2011). However, process variables are dynamic constructs and change 

over the course of treatment (Zilcha-Mano, 2019). Therefore, investigations should comprise 

multiple sessions. Importantly, with data from multiple sessions, it is possible to disentangle 

within and between level effects. Due to the promising trends in process research, it is now time 

to apply these new approaches to study the mechanisms underlying imagery-based techniques.  

As former studies on mechanisms of imagery-based techniques have mainly focused on 

intrapersonal processes (e.g. memory representations), interpersonal processes (e.g. client-

therapist dyadic associations) should be taken into account as well. 

Given the evidence for a significant role of the therapeutic bond in psychotherapy (Lutz, 

Rubel, Schiefele, Zimmermann, Böhnke, & Wittmann, 2015), it is also possible that the alliance 

effect is mediated by concomitant processes within the therapist. Such dyadic associations or 

dyadic synchrony can occur on various channels (e.g. physiology), and may be related to 

important mechanisms of change. However, to date no studies have examined client-therapist 

synchrony as potential mechanism of change in imagery-based techniques.  

All three studies presented in this dissertation were designed to fill the research gap by 

examining the effectiveness of mental imagery and focusing on putative mechanisms of 

imagery-based techniques.  

Study I aimed to examine the utility of integrating imagery-based and cognitive-

behavioral techniques in the treatment of test anxiety. The first goal was to determine the 

effectiveness of a newly developed six-session treatment protocol. The second goal was to 

investigate the association between the client’s rating of imagery potency and three process 

variables (session alliance, emotional activation, and session evaluation). 
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Study II focused on dyadic processes during therapy sessions and on their associations 

with session-level processes. First, we examined whether client-therapist physiological 

synchrony is stronger than would be expected by chance. Second, the between-dyad and 

between-session levels of physiological synchrony was examined. Third, the associations 

between physiological synchrony and therapeutic alliance were investigated during both 

imagery and cognitive-behavioral components.  

Study III investigated whether a significant association between physiological response 

and clients’ emotional processing exists. First, the association between clients’ physiological 

arousal and their emotional processing was investigated. Furthermore, the association between 

client-therapist physiological synchrony and clients’ emotional processing was examined.  

As an introduction to the three studies, a general theoretical background is provided in 

Chapter 2, which leads to the specific research questions investigated in the studies (Chapter 

3). Chapter 4 presents a detailed description of methodological aspects used in all presented 

studies. Following the studies in Chapters 5-7, a general discussion, including implications, 

limitations, and future directions, is provided in Chapter 8. 
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2 THEORETICAL BACKROUND 

2.1  The potency of mental imagery and imagery with rescripting 

Mental imagery is defined as perceptual experience (typically, visual pictures, but at 

times also sounds, smells, tastes, or visceral/proprioceptive sensations) without sensory input 

(Ji, Heyes, MacLeod, & Holmes, 2016; Kosslyn, Ganis, & Thompson, 2001). Neuronal 

representations, created by sensory information, are activated via imagery (Lang, 1979, Lang, 

1977). In addition, neuronal representations are strongly cross-linked within a structure of 

sensations, sensory modalities, and emotions (Holmes & Mathews, 2010). These neural 

networks are the reason why mental imagery activates emotions.  

Mental imagery often occurs spontaneously and captures our attention (Ji et. al., 2016). 

The content can vary, including memories, daydreams or possibly future situation (Holmes & 

Mathews, 2010; Mancini & Mancini, 2018). Mental imagery as an emotion-evoking stimulus 

can be a symptom of mental disorders. For instance, intrusive flashbacks are defined as 

spontaneous and vivid memories, trigger by a specific stimulus, often related to anxiety 

disorders and PTSD (Brewin & Holmes, 2003; Ehlers, Hackmann, Steil, Clohessy, Wenninger, 

& Winter, 2002).   

Nevertheless, mental imagery can also be applied as a therapeutic technique. The use of 

imagery to change cognitive processes goes back to the ancient Egyptians as well as the Greeks, 

is applied in Tibetan Buddhism and has been transfered to Western philosophy and medicine 

(Hackmann et al., 2011). For centuries, imagery has been used to stimulate various mental and 

physiological states, e.g., sexual, fearful, aroused or calm (Singer, 2006). However, imagery-

based techniques have only gained solid footing in psychotherapy in the last decades 

(Hackmann et al., 2011).  

Imagery-based techniques activate emotions more strongly than simple conversation 

(Rafaeli, Bernstein, & Young, 2010; Wheatley, Hackmann, & Brewin, 2009), because emotions 
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are more strongly associated with images than verbal thoughts. This is an important benefit of 

imagery-based techniques in comparison to verbal interventions (Wheatley et al., 2009). Using 

imagery to activate distressing memories, including all senses, emotions, and cognitions, as 

vividly as possible can reveal unmet needs that still plague the client, despite the absence of 

present-day danger (e.g. Arntz, 2014). If the experience is then ‘rescripted’, which means to 

change the imagined event in a positive, desired direction, the unmet needs can be satisfied.   

Imagery with rescripting or Imagery Rescripting (ImRs), an emotion-focused technique, 

was originally developed for clients suffering from traumatic experiences. ImRs includes 

imaginary exposure and rescripting alongside cognitive restructuring (Wheatley et al., 2009). 

During the ImRs process, old memories and their associated emotions are activated. By 

rescripting, new emotional experiences enable adapted emotional elements to be incorporated 

into the original memory. The underlying process is known as memory reconsolidation (Lane, 

Ryan, Nadel, & Greenberg, 2015). Prior studies have mainly focused on its effectiveness in the 

treatment of various mental disorders, including posttraumatic stress disorder (e.g. Raabe, 

Ehring, Marquenie, Olff & Kindt, 2015; Smucker & Niederee, 1995), social phobia (e.g. Lee 

& Kwon, 2013; Reimer & Moscovitch, 2015), personality disorders (e.g. Weertman & Arntz, 

2007), and depression (e.g. Brewin et al., 2009). Despite the growing number of studies in the 

field of ImRs, due to the primary focus on effectiveness, its mechanisms of change are still 

unclear. 

2.2 Mechanisms of change in ImRs discussed to date  

Studies on mechanisms of change in ImRs have been relatively scarce and 

predominantly examined memory processes. In one of these few studies (Dibbets, Poort, & 

Anrtz, 2012), 70 students underwent fear conditioning in a laboratory setting. The results 

indicated that ImRs reduces the activation of the fear response and changes the meaning 

associated with experiencing the unconditioned stimulus (UCS). In contrast to this mechanism 

of UCS-revaluation Brewin and colleagues (2010) postulate a theoretic model in which a new 
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positive memory representation is created by ImRs and competes with the original negative 

one. ImRs’ effectiveness may therefore be reliant on the more elaborated and accessible 

memory representation.  

Although the literature highlights an association between memory processes and ImRs, 

the findings are predominatly based on non-clinical samples examined under laboratory 

conditions. However, ImRs was designed to address underlying emotional beliefs and to get to 

the core of dysfunctional schemata (Ji et al., 2016). Therefore, to gain a comprehensive 

understanding of its underlying mechanisms, ImRs needs to be examined within clinical 

conditions. In the absence of dysfunctional schemata, these findings may not necessarily be 

representative and may not reveal its mechanisms of change. 

2.3 Physiological arousal as an underlying mechanism 

As explained above, investigations of intrapersonal processes occurring during ImRs are 

rare and focus mainly on memory representations. Notably, there is evidence for a reciprocal 

association between memory processes and autonomic functions (e.g. physiological arousal: 

Bassi & Bozzali, 2015; Critchley, Eccles, & Garfunkel, 2013; Hugdahl, 1996). Hence, one 

might expect that physiological arousal may be involved in imagery-based techniques.  

The investigation of physiological arousal is a relatively new field in psychotherapy 

process research, and imagery-based techniques have yet to be fully explored. As previously 

discussed, mental imagery is linked to perceptual processes, and elicits reactions similar to real 

experiences (Holmes & Mathews, 2010; Ji et al., 2016). Furthermore, experimental studies have 

shown that it also activates physiological responses under laboratory conditions (e.g. Cuthbert, 

Lang, Strauss, Drobes, Patrick, & Bradley, 2003; Miller, Levin, Kozak, Cook, McLean, & 

Lang, 1987; Lang, Levin, Miller & Kozak, 1983).  

Even though, the association betweem ImRs and physiological arousal has yet to be 

tested, prior research on Imaginal Exposure (IE) has demonstrated an association between 
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treatment outcome and initial physiological arousal (e.g. Halligan, Michael, Wilhelm, Clark, & 

Ehlers, 2006; Jaycox, Foa, & Morral, 1998; Kozak, Foa, & Steketee, 1988). During IE, clients 

narrate a feared stimuli or traumatic event in the present tense until their level of distress 

declines. ImRs includes IE, as clients are exposed to distressing experiences via imagery 

(Smucker & Niederee, 1995). Hence, there are strong theoretical arguments that physiological 

arousal may influence ImRs processes. However, this has not been tested to date.  

2.4 Client-therapist physiological synchrony as a potential mechanism of change 

Whereas intrapersonal processes may be one of the underlying mechanisms of imagery-

based techniques, a better understanding of how theses techniques work could additionally be 

achieved by examining interpersonal processes. Given the significance of the therapeutic bond 

in psychotherapy (Lutz et al., 2015) it is also possible that ImRs leads to an emotional activation 

within the therapist, and that this activation may translate into physiological reactions.  

Schmucker and Köster (2014) emphasize the role of the therapeutic bond as a key 

component and stabilizing factor in the process of ImRs. In addition, the therapist’s ability to 

empathize is important for ImRs. A good therapist has the ability to recognize the ImRs process 

in its complexity. A collaborative position allows a cautious handling of blockades (e.g., 

thought suppression or safety behaviours; Hackmann et al., 2011; Smucker, 2005).  

Other perspectives on the possible interpersonal mechanism that accompany ImRs can 

be drawn from social psychological research on shared experience. Pinel and colleagues (2015) 

go beyond empathy with their concept of I-Sharing. I-Sharing is based on the clients’ conviction 

that the therapist shares the same experience. In the moment of shared experience (e.g. feelings, 

beliefs or concerns), the other person becomes part of one’s own experience. As a result of the 

feeling of being socially connected, emotions are amplified and attributed to the experience 

itself (Boothby, Smith, Clark, & Bargh, 2016
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Besides the concept of shared experience, further research has focused on the concept of 

co-regulation. In their In-Sync-Model, Koole and Tschacher (2016) postulate that the shared 

emotion between client and therapist leads to a shared experience and better client emotion 

regulation. Supporting this idea, Marci and colleagues (2007) found a positive association 

between perceived empathy and client-therapist electrodermal activity (EDA) synchrony. In 

support of the idea of a synchrony effect, several studies have investigated the dynamics and 

clinical meaning of client-therapist synchrony in physiology; as a group, these studies generally 

demonstrate positive associations between synchrony on the one hand, and empathy, and 

attachment on the other (for a review, see Kleinbub, 2017). In alignment with the above 

literature, the simultaneous or time-lagged associations between client and therapist 

physiological arousal may be a putative mechanism in ImRs. However, this has yet to be 

studied. 

Importantly, as a process variable, synchrony is a dynamic construct and not a fixed 

entity. Specifically, if synchrony mainly varies on the between-dyad level, it should be thought 

of as a characteristic of the dyad. However, a variation on the within-dyad level would indicate 

synchrony is a session characteristic.  Therefore, synchrony must be examined at more than one 

time point and studies should assess multiple sessions. 

2.5 Test Anxiety 

To disassemble imagery-based techniques, identify their underlying mechanisms, and fill 

the gaps in the current literature, it is important to examine a multi-session targeted treatment 

protocol addressing a specific mental disorder. Test anxiety is an optimal disorder for this 

purpose. Test anxiety, as common problem among students (Jaradat, 2019) features the 

advantages of short-term treatments and easy client recruitment.  

Test anxiety is characterized by negative thoughts about consequences or failure in exams 

or other evaluation-related situations. Its symptoms manifest in phenomenological (e.g. intense 
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fear), physiological (e.g. hyper-activation of the hypothalamic-pituitary-adrenal axis), and 

behavioral (e.g. sleep disturbances) responses (Zeidner, 1998; Zeidner, & Matthews, 2011, 

Morris & Liebert, 1970; Fehm & Fydrich, 2011). Evidence shows that roughly one quarter of 

students are affected (see Hill and Wigflied, 1984; Holm-Hadulla, Hofmann, Sperth, & Funke, 

2009).   

Various approaches addressing test anxiety exist. Evidence shows that it can be 

effectively reduced by treatments that include skill-focused and cognitive components. In 

addition, individual therapy has shown greater efficacy than group programs (Ergene, 2003). 

However, several researchers have noted the limitations of the existing approaches. First, some 

of these techniques may be too time consuming and therefore not feasible in an exam situation. 

Secondly, negative thoughts about consequences or failure can be a product of underlying 

negative emotional beliefs and dysfunctional schemas (e.g. defectiveness and shame). For the 

treatment of social anxiety, Wild and Clark (2014) suggest going beyond the surface-level 

negative thoughts and addressing the schemas directly instead. This approach seems relevant 

to test anxiety as well, as it shares several parallels with social anxiety (e.g. fear of evaluation). 

As mentioned above, imagery-based techniques, especially ImRs may support clients to 

overcome maladaptive emotional beliefs, as this technique reaches the core of dysfunctional 

schemas.
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3 RESEARCH QUESTIONS 

In sum, the theoretical background suggests that imagery with and without rescripting 

is an effective therapeutic technique for diverse mental disorders. To date, its effectiveness has 

not been tested for test anxiety. Given its effectiveness, there is a need to better understand its 

underlying mechanisms. Whereas prior research predominantly focused on intrapersonal 

processes (memory representations), interpersonal processes (e.g. client-therapist physiological 

synchrony) have been neglected.  

3.1 Study I 

1. Will clients find the augmented protocol (integration of imagery-based techniques and 

cognitive-behavioral components) to be feasible? 

2. Will test anxiety decline from pre- to post-treatment? 

3. Is the potency of imagery-based techniques associated with session-level outcomes (i.e., 

improved working alliance and session quality), and with subsequent reductions in test anxiety?  

3.2 Study II 

1. Does physiological synchrony appear within segments devoted to both imagery-based and 

cognitive-behavioral techniques? 

2. Does such synchrony show significant variability at both the between-dyad and within-dyad 

levels?  

3. Is physiological synchrony associated with therapeutic alliance during imagery-based 

techniques, but not during cognitive-behavioral components? 

3.3 Study III 

1. Is clients’ physiological arousal associated with emotional processing during ImRs? 

2. Is physiological synchrony tied to clients’ emotional processing during ImRs?  
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4 METHODOLOGICAL ASPECTS 

In all three studies, the same, newly developed protocol was applied to treat test anxiety. 

The protocol comprised six sessions lasting approximately 50 minutes each, carried out over 

three weeks (in Studies I and II) or six weeks (in Study III). Furthermore, all three studies used 

hierarchical linear modeling (HLM) to handle multi-level data. Studies II and III shared a 

common procedure to measure EDA and calculate client-therapist physiological synchrony. 

Therefore, the following section briefly describes the treatment protocol, the analytic approach, 

and the data processing procedures.  

4.1 Model of Treatment: 6-session protocol 

The protocol integrated imagery-based techniques (based on Wild & Clark, 2014; Arntz 

& Weertman, 1999) and cognitive-behavioral (CB; based on Safren, Otto, Sprich, Winett, 

Wilens, & Biederman, 2005) components (session 1: psychoeducation, sessions 2 and 3: 

identification and cognitive restructuring of maladaptive negative thoughts, sessions 4 and 5: 

studying and test-taking skills, session 6: summary). In each session, homework was assigned 

and reviewed.  

During the imagery segments, clients were asked to find a comfortable position and close 

their eyes. Clients were guided to describe the image as if it they were experiencing it in that 

moment, using the first person present tense. To experience the imagery as vividly as possible, 

clients were encouraged to focus on their emotions, sensations, action tendencies, and 

cognitions.  

Over the course of the protocol, various imagery-based techniques were applied, with 

clients introduced to safe-place imagery in session 1, and to imagery-based techniques 

addressing aversive experiences related to test anxiety in all following sessions. In session 2, 

an aversive experience was explored. Clients were guided to describe the arising image in detail, 

focusing on sensory modalities, emotions, sensations, and cognitions.  
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In sessions 3 and 4, ImRs of an early experience was performed. After exploration, clients 

were requested to enter the situation as their present selves, stand up for themselves and perform 

every action needed to comfort their younger selves. If clients had difficulties intervening and 

taking care of their earlier selves, the therapist offered help (after permission was given) by 

proposing actions or entering the image to assist the client to fulfill their emotional needs. To 

strengthen new insights, the client was then asked to describe their emotions, sensations, 

behavioral tendencies, and cognitions.  

In sessions 5 and 6, ImRs targeted future study-related scenarios (session 5) or test-taking 

situations (session 6) that would benefit from behavioral change. The aim of the exploration 

was to identify the dominant ego state (e.g. perfectionism) blocking the client’s adaptive 

behavioral response. During rescripting, an opposite, vulnerable ego state (e.g. healthy student 

voice) was established and a dialogue was initiated with the dominant, blocking state. Similar 

to the ImRs in sessions 3 and 4, if the client was unable to strengthen the vulnerable ego state 

and find a compromise between the two ego states, the therapist could offer help and support 

the inferior state. Once a compromise was negotiated between the two ego states, they were 

reunited in the client. Finally, the client was instructed to perform the negotiated adaptive 

behavior in imagery and focus on the changed emotions, cognitions, and sensations.  

4.2 Hierarchic Linear Modeling 

Hierarchic linear modeling (HLM) is a statistical method that is used for non-independent 

observations and aims to analyze multi-level data (e.g. Raudenbush & Bryk, 2002). The data 

structure is hierarchical, meanings that variables are clustered in larger units. To address this, 

HLM takes within and between associations into account simultaneously (Hofmann, 1997). In 

Study I, sessions (level 1) were nested within clients (level 2). Studies II and III contain 2-

minute segments (level 1) nested within sessions (level 2) and sessions nested within clients 

(level 3). The nesting effect of clients within therapists was not accounted for. In Studies I and 

II, therapists treated between 1 and 10 clients (M = 3, SD = 2.58). Similarly, in Study III the 
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number of clients per therapist ranged between 1 and 4 (M = 2, SD = 0.87). As some of the 

therapists (21 %) only treated 1 client each, 3 or 4 level models were not tested.  

4.3 Physiological arousal: electrodermal activity 

An objective measure of psychophysiological states is electrodermal activity (EDA; 

Boucsein, 2012; Lang, Bradley, & Cuthbert, 1998). It is an indicator of the autonomic nervous 

system and solely under control of the sympathetic nerve. EDA, a subconscious physical 

process, is considered to be one of the most sensitive physiological indexes of emotional 

arousal and cognitive processing (Dawson, Schell, & Filion, 2007; Sequeira, Hot, Silvert, & 

Delplanque, 2009). 

EDA was monitored using two single-use electrodes positioned on the thenar and 

hypothenar digits of the non-dominant hand. At the Israeli site (where some of the participants 

in Studies I and II were run), EDA were recorded with a Mindware integrated system and 

software package (Mindware Technology, Gahnna, OH) using a sampling rate of 1 Khz. At the 

German site (where the remaining Studies I, II participants, and all Study III participants were 

run), EDA was recorded with an EDA recorder using the constant voltage method (Becker 

Meditec, Karlsruhe, Germany). The range was 0-100 microS and the sensitivity 25mV/ microS. 

The signal was sampled with DasyLab V. 10 (National Instruments Ireland Resources, 

Limited), using 500 Hz (National Instruments multifunction Modul USB-6002) and a resolution 

of 16 bit. The signal was downsampled to 25Hz and stored as an ASCII file.  

4.4 Quantification of synchrony  

To quantify synchrony between client and therpist, we used the following steps. First, the 

EDA signal was averaged across one minute segments, artefacts were removed using the 

na.interpolation function (imputeTS package for R: Moritz & Bartz-Beielstein, 2017), and non-

responders were identified. Secondly, the auto-correlated component for each EDA time series 

was removed using the auto.arima function (forecast package for R: Hyndman, 

Athanasopoulos, 2018). This function automatically selects the best auto-regressive integrated 
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moving average (ARIMA) Model according to their information criterion indices (AIC and 

BIC). Lastly, Cross Correlation Functions (CCF) were computed with a possible time lag of +/- 

10 seconds, whereas the maximal cross correlation was selected as the synchrony index. This 

procedure followed prior research (e.g. Chatel-Goldman, Congedo, Jutten, & Schwartz, 2014; 

Mauss, Levenson, McCarter, Wilhelm, & Gross, 2005). Physiological time series might show 

non-stationarity. Therefore, CCFs were computed in consecutive 120-second windows and 

averaged for the entire imagery-based or cognitive-behavioral components of each session. 

While the results of Study II were based on the average synchrony value, Study III analyzed 

the 120-second windows. 
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5 STUDY I: IMAGERY-BASED TREATMENT FOR TEST ANXIETY 

Prinz, J.N., Bar-Kalifa, E., Rafaeli, E., Sened, H., & Lutz, W. (2019). Imagery-based 

treatment for test anxiety: A multiple-baseline open trial. Journal of Affective Disorders, 244, 

187-195. 

5.1 Abstract 

Background: Many students are affected by test anxiety (TA), which involves considerable 

distress and can lead to reduced performance. Despite its prevalence, TA has been under-

studied; specifically, few effective and brief interventions have been identified to date. In our 

work, we explore the adaptation of imagery, an emotionfocused treatment technique used 

widely in the treatment of other anxiety disorders, for addressing TA. 

Methods: In a two-site concurrent multiple-baseline pilot study (n=31), we examined the 

effectiveness of a targeted six-session protocol developed for the treatment of TA, which 

integrates traditional cognitive behavioral techniques with imagery work. 

Results: The protocol was well-accepted by clients. We found that students’ test anxiety levels 

did not drop between the recruitment and pre-intervention assessments, but did drop 

significantly from recruitment or baseline to the delayed follow-up (Cohen's d=0.75 and 0.84, 

respectively). We also found evidence for sessionlevel processes tying the quality of the 

imagery work with session efficacy. 

Limitations: The study involved a relatively small sample size, leading to weaker power to 

detect treatment effects. Moreover, some clients did not have any exams scheduled before the 

delayed follow-up assessment. Due to the scheduling intensity of the sessions, some clients had 

insufficient time to implement or practice skills and to complete tasks discussed in the sessions. 

Conclusions: This study provides preliminary evidence for the utility of integrating imagery 

work with traditional cognitive-behavioral techniques for treating test anxiety.
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5.2 Introduction 

Test anxiety (TA), a condition which affects as many as 20% of students (see Hill & 

Wigfield, 1984; Holm-Hadulla, Hofmann, Sperth, & Funke, 2009), involves excessive negative 

thoughts about poor performance or failure in exams or other situations characterized by 

evaluation, as well as about the possible consequences of such performance. Students with high 

TA are more likely to be female, and have perfectionistic tendencies, which are maladaptive or 

unhelpful (Eum & Rice, 2011). TA is manifested in phenomenological, physiological, and 

behavioral responses (Zeidner, 1998; Zeidner & Matthews, 2011). Phenomenologically, it often 

involves intense fear, and can be accompanied by panic attacks, feelings of hopelessness, 

inferiority, and desperation (e.g., Fehm & Fydrich, 2011). Physiologically, TA involves a stress 

response which includes hyper-activation of the hypothalamic-pituitary-adrenal axis (e.g., 

Morris & Liebert, 1970). Behaviorally, TA often culminates in sleep disturbances, loss of 

appetite, and procrastination before the exam, and in disrupted concentration, sweating, 

shaking, and blackouts during the exam (for review, see Fehm & Fydrich, 2011, Zeidner, 2014).  

There is considerable and rising demand for psychological interventions to address TA. 

For example, among the students receiving services at one large German university's mental 

health center, 56% were treated for TA; this figure involved a 20% increase compared to that 

of 10 years prior (Holm-Hadulla et al., 2009).  

Several approaches have been developed for the treatment of TA, including skill-

focused techniques, cognitive and behavioral interventions, Gestalt techniques, meditation, and 

physical exercise. A meta-analysis examining the effectiveness of these approaches (Ergene, 

2003) reported that programs which used behavioral or cognitive techniques, as well as ones 

that combined these techniques with a skill-focused approach, produced the largest effects (0.80 

- 1.22).  Gestalt therapy, meditation, and physical exercises showed small effect sizes (0.15). In 

addition, combined group+individual therapy showed greater efficacy than group or individual 

programs (Ergene, 2003). Despite their promise, existing approaches for the treatment of TA 
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have room for improvement. In particular, several authors have noted the need to go beyond 

traditional cognitive techniques in treating anxiety conditions (TA: Brown et al., 2011; social 

anxiety: Wild & Clark, 2014). As Brown and her colleagues note, standard cognitive tools such 

as cognitive restructuring may be too time-consuming to implement during time-pressured 

evaluative situations such as tests. Additionally, as Wild and Clark suggest, surface level 

negative thoughts (e.g. “I’m blushing - they must think I am odd”) often result from deeper 

underlying negative emotional beliefs (e.g., “I am defective, and that defectiveness is easily 

seen unless I hide it”) and from even deeper schemas (e.g., defectiveness and shame); it may 

prove more effective to address these schemas and underlying negative emotional beliefs 

themselves rather than combat the automatic thoughts. 

One promising approach for addressing underlying emotional beliefs involves the 

emotion-focused technique of imagery. As recent reviews (e.g., Ji et al., 2016; Holmes & 

Mathews, 2010) have noted, mental imagery gets to the core of individuals' distress in a very 

direct way. In particular, images of aversive experiences activate memories and associated 

emotions (Holmes & Mathews, 2010) and do so more intensively than verbal prompts (Holmes 

& Mathews, 2005). As a consequence, imagery work provides a more powerful means of 

accessing the distress and of intervening with it than do purely verbal techniques (for review, 

see Holmes, Arntz, & Smucker, 2007; Rafaeli, Maurer, Lazarus, & Thoma, 2016; Rafaeli, 

Maurer, & Thoma, 2014).  

Imagery work's effectiveness may be due, at least in part, to the fact that images activate 

early emotional memories which are encoded non-verbally, and thus provide access to the very 

situations in which negative (and sometimes traumatic) associations were established (e.g., 

Arntz, 2014). Gaining access to the memory of these situations can be helpful, as it can clarify 

what underlies the intense emotional reaction that still plagues the client, even in the absence 

of present-day danger. Prior research has shown the effect of rescripting early memories in 



Study I: Imagery-based treatment for test anxiety 27 

imagery within the treatment of social anxiety disorder (Nilsson, Lundh, & Viborg, 2012). 

Similarly, Reiss et al. (2017) found that a group intervention combining CBT and Imagery 

Rescripting (ImRs) as treatment for students with TA led to a significant reduction in 

symptoms, with the main benefits ascribed to the ImRs component. These results show that the 

addition of ImRs alone improves outcome compared to stand-alone CBT treatment. We can 

assume that the potency of the ImRs work – i.e., how accessible and changeable the emotional 

experience of the client becomes - will be associated with outcome changes.  

Indeed, revising or changing negative images can bring about emotional or symptomatic 

relief. At times, this disruption could be focused on past events (and on changing their 

meaning); at other times, the disruption can be of present-day or even future-time images. In 

addition, positive imagery can be used to access adaptive emotional states (Ji et al., 2016). With 

these ideas in mind, the current pilot study was designed to examine the effectiveness of a new 

protocol integrating CBT and imagery-based techniques into a brief intervention for TA. With 

clients recruited at two sites (Trier University in Germany, and Bar-Ilan University in Israel), 

we implemented a multiple-baseline study. We chose to use a multiple-baseline open trial 

design for several reasons. First, we wanted to ensure that throughout varying lengths of 

baseline-assessment periods, which also differed in the number of baseline assessments, we will 

see no decline in TA symptoms prior to the commencement of the treatment itself. Second, the 

symptomatology of TA may be strongly time related i.e., increase as exams are nearer. There 

is a large benefit to having multiple time lags as it can show whether a significant change occurs 

during the pre-treatment assessments and during the post-treatment assessments. . Clients’ TA 

was assessed for 2-6 weeks prior to treatment; they then received 6 sessions over the course of 

3 weeks, and were followed up at both 1 week and 3-7 weeks after the completion of the 

protocol. Additionally, symptom measures (TA) and process measures (an emotional process 

item, as well as session evaluation scales) were collected during each of the treatment sessions. 

These data allowed us to test the following hypotheses: (1) Acceptability: Clients will find the 
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augmented protocol (integrating CBT and imagery-work techniques) acceptable. (2) Outcome: 

Clients treated with the protocol will show reduced test anxiety following treatment compared 

to pre-treatment.  (3) Process: The potency of imagery work will be associated with session-

level outcomes (i.e., improved working alliance and session quality), and with subsequent 

reductions in test anxiety.  

5.3 Method 

Clients: Recruitment and Demographics 

Figure 1 presents a flow chart detailing client recruitment and retention. In the Trier site, 

clients were recruited using flyers at the campus health service, ads placed in the newsletters of 

two local universities, as well as a brief invitation given to participants in a test anxiety 

prevention workshop initiated by the student-union at the University of Trier. In the BIU site, 

clients were recruited using flyers posted throughout campus and describing the IRB-approved 

study. In both sites, participation in the treatment was at no cost. To be eligible for the study, 

clients had to meet the following criteria: Test Anxiety Inventory (TAI; Spielberger, 1980) 

scores > 54 (one standard deviation above the average TAI score), no suicidality (a value 1 or 

less in the BDI-II suicide item), and no current therapy addressing test anxiety. The sample size 

was determined based on the availability of therapists. Fifty-nine potential clients (38 at Trier, 

21 at BIU) were screened for eligibility. Fourteen were excluded because of their TAI scores 

and one had no exams at the end of her study period. Seven additional potential clients dropped 

out before the baseline period, most often because of time concerns. Thirty-seven (24 at Trier, 

14 at BIU) met the inclusion requirements. Of these, five clients dropped out during the baseline 

period, and one at the end of the baseline period. Thus, 31 clients (23 females) started treatment 

(22 at Trier, 9 at BIU), and all completed the entire 6-session protocol. One client, from BIU, 

dropped out after the first follow-up assessment; her data were used in all analyses (using carry-

forward to complete the missing assessment). 
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Figure 1. Recruitment and Retention Flow Chart 

The 31 clients ranged in age from 19 to 53 years (M=25.9, SD = 6.3). At Trier, twenty-

one of the clients were university students, and one was a trainee in a nursing program. At BIU, 

all clients were students. At both sites, students came from diverse fields of study, most 

commonly computer science, law, business studies, and psychology, with a median of 4 years 

of post-secondary study at Trier (SD = 3.7, min = 1, max = 16) and a median of 2 years of post-

secondary study at BIU (SD = 1.1, min = 1, max = 4. Informed consent was obtained from all 

clients before the treatment started.  

Therapists: Training and supervision  

In the Trier site, four of the six therapists were graduates of a masters' program in 

psychology, and were awaiting the beginning of their clinical traineeship; the remaining two 
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therapists were PhD students in clinical psychology, each with prior experience of one year as 

a clinician. In the BIU site, the therapists were four PhD students in clinical psychology, each 

with prior experience of two years as a clinician. All therapists were trained in the treatment 

protocol in a two-day workshop which involved modeling and role-plays of the intervention 

modules. In addition, the therapists reviewed their cases in a weekly supervised group, guided 

by an experienced psychotherapist.  

Treatment Protocol 

A short-term imagery-based treatment protocol for TA was developed (for the full 

protocol, see www.osf.io/hraqd). The protocol involves six sessions lasting approximately 50 

minutes each, carried out over three weeks. The sessions integrated traditional cognitive 

behavioral and imagery techniques; each was also followed by some homework assignment, 

aimed at practicing the contents of the session and/or preparing for the next one. Table 1 reviews 

the key cognitive-behavioral and imagery-related tasks of the sessions.  

Table 1. Key aspects of the imagery-based treatment protocol.  

Session CB work Imagery work 

#1 Psychoeducation Safe-Place  

#2 Automatic Cognitions & Behaviors  Exploration  

#3 Alternative Cognitions & Behaviors ImRS-Past Experience  

#4 Learning Skills ImRS-Past Experience  

#5 Test-Taking Skills ImRS-Future Experience  

#6 Consolidation & Content Review  ImRS-Future Experience  
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The cognitive behavioral components of the sessions were based on Safran, Perlman, 

Sprich, and Otto’s (2005) protocol. The imagery components of the sessions were based on 

ideas from Wild and Clark (2014) as well as Arntz and Weertman (1999). Imagery was guided 

by the therapist and conducted out loud so that the client's experiences became accessible to the 

therapist. This allowed the therapist to present questions or suggestions when needed, and thus 

helped ensure that the imagery work would be as emotionally compelling as possible.  

Clients were encouraged to undertake imagery with their eyes shut. All clients did so 

willingly. Therapists were instructed to use a brief body scan – a mental scan of the major 

muscle groups from head to toe - to help clients relax and ease into the imagery work. This was 

always done in session 1, and was optional in subsequent sessions. Therapists then proceeded 

according to the following emphases in each session: 

a) Session 1 was aimed at introducing the client to the protocol, providing 

psychoeducation regarding TA, and beginning to socialize the client to the use of imagery in a 

non-threatening way. The imagery component in this session involved safe place imagery only. 

Clients were asked to imagine a personal safe place in which they felt calm and relaxed. During 

the dialogue with the therapist, they explored their safe place, focusing on all four 

phenomenological elements: body sensations, emotions, cognitions, and behavioral tendencies. 

The post-session homework was to practice this safe place imagery (which clients were 

encouraged to continue doing for the duration of the therapy and beyond).  

b) Session 2 was aimed at increasing the understanding of TA and its phenomenological 

elements, and at helping prepare the client to be able to monitor these. The imagery component 

in this session involved exploration of a situation relevant to TA. Clients were asked to imagine 

a distressing situation tied to exam or study situations, and again focus on all four 

phenomenological elements. The purpose was to access the fear structure related to test 

situations in a way that bypasses routine verbal reports (for review, see Ji et al., 2016). The 
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images that were evoked set the stage for a discussion about the client's unique phenomenology 

of TA. The post-session homework was to begin monitoring incidents of TA and to pay 

particular attention to their unique phenomenology.  

c) Session 3 was aimed at utilizing the client's growing awareness of their own 

phenomenology in specific TA situations and began introducing the possibility of alternative 

behaviors and cognitions that could alter this phenomenology. The imagery component 

introduced the possibility of rescripting (past) distressing test- or studying-related situations 

(i.e., imagery with rescripting; see Arntz, 2014). The post-session homework involved practice 

in monitoring situations and identifying alternative behaviors and cognitions. It also involved 

completing a questionnaire about study skills. 

d) Session 4 was aimed at providing additional practice with imagery and rescripting 

and at addressing study skill deficits. The imagery component was identical to that used in 

session 3 (i.e., imagery with rescripting). It was followed by a review of the client's study skills, 

with the aim of identifying ones that could be improved. The post-session homework involved 

practice in monitoring study-related situations, again identifying alternative behaviors and 

cognitions. It also involved completing a questionnaire about modes of learning and about test-

taking. Finally, a specific behavioral task was also chosen as a homework goal.  

e) Session 5 was aimed at applying the insights obtained thus far to future study 

situations. The imagery component focused on a future (ideally, near-future) learning-related 

event or situation that calls for behavioral change. The rescripting process for this imagined 

situation involved identifying the expected blocks to such behavior, a dialogue between the 

ego-states involved (e.g., the perfectionistic or procrastinating voice vs. the healthy student 

voice), and finally, rehearsal of the actual behavior in imagery. The imagery work was followed 

by a review of the client's modes of learning and test-taking skills, with the aim of identifying 
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behaviors that could be improved. The post-session homework involved practice in monitoring 

test-taking situations, again identifying alternative behaviors and cognitions.  

f) Session 6 was aimed at applying the insights obtained thus far to future test-taking 

situations. The imagery component focused on a future (ideally, near-future) test-related 

situation that calls for behavioral change, but in all other respects, was similar to that used in 

Session 5. The imagery work was followed by a review of the entire treatment protocol's 

materials, with particular focus on both emotional and behavioral insights from the imagery 

exercises as well as the homework assignments. The post-session homework involved 

encouragement to continue practicing those behavior changes that proved to be most promising 

during the intervention.  

Study Design Figure 2 presents the study design. We used a non-concurrent multiple 

baseline design, with random assignment to varying baseline lengths. The study was designed 

with the clients’ semester schedules in mind. Before the (varying) baseline periods, all 

participants completed two sets of measures: at recruitment (Time 0) and one week later (Time 

1). Group 1 started treatment after completing weekly baseline questionnaires for two weeks 

(Time 2a-b), Group 2 started after completing four weeks (Time 2a-d), and Group 3 started 

after completing six weeks (Time 2a-f). A final baseline assessment (Time 3) was completed 

before the first session. During the treatment, clients completed symptom measures (namely, 

the STA) prior to each session; they also completed session evaluation measures (namely, the 

EE-SR, SAI, and SES) following each session (Time 4a-f). An immediate follow-up (Time 5) 

was completed following the final (6th) session. A 2nd follow-up were completed one week 

after the final session (Time 6). An additional delayed follow-up (Time 7) was completed six 

weeks (Group 1), 4 weeks (Group 2), or 2 weeks (Group 3) after treatment completion. 

According to the semester schedule, Time 7 was assessed in the exam period. At Time 7, most 

of the clients had sat for at least one exam, and the majority were still preparing for more 
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upcoming exams. The client received recruitment, baseline and follow-up assessments online. 

During the treatment the client as well as the therapist answered the measures using a PC. After 

each session the therapist received a feedback of the clients’ answers.   

 

 

 

 

 

 

 

 

 

Figure 2. Study Design. Note: BL= Baseline; FU= Follow up  

Measures 

All measures were German or Hebrew translations of these English originals, and were 

back-translated to ensure consistency.  

Test anxiety measures. At Times 0,1,3,5, and 7, clients completed Spielberger’s Test Anxiety 

Inventory (TAI; 1980), a 20-item self-report measures assessing level of test anxiety using a 1 

(almost never) to 4 (almost always) Likert scale. The TAI is the most frequently used measures 

for test anxiety (Chapell et al., 2005) and has been found to have good test–retest reliability (r 

= .80; Spielberger, 1980). In the current study we used its global score (a sum of all items), 

which showed good internal reliabilities at Time 0 (Cronbach’s α (N=59): .91) and in the four 

subsequent assessments during the study (Cronbach’s α (N=31): .80 (Time 1), .77 (Time 3), .85 
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monitored during the BL (Times 2a-f) and treatment (Times 4a-f), and followup (Time 6 and 

Time 7) periods using the State Test Anxiety measure (STA; Lawrence & Williams, 2013), a 

brief measure consisting of two items (I feel anxious about taking the upcoming tests; I feel 

distressed and uneasy about taking the upcoming tests) rated on 0 (completely disagree) to 6 

(completely agree) Likert scale. The between- and within-person reliabilities for the scale was 

computed using procedures outlined by Shrout and Lane (2012); they were .72 and .84. 

Emotional process measures. The Emotional Experience Self-Report (EE-SR) was 

administered following each session. This single item measure, from Fisher, Atzil-Slonim, Bar-

Kalifa, Rafaeli, & Peri (2016) asks clients to note how intense the experience of their emotions 

was during the session using a graphic scale ranging from 0 (In today’s session I was 

disconnected from my emotions) to 100 (In today’s session I experienced my emotions vividly 

and fully). Additionally, we assessed the potency of the imagery component of each session 

using 5 items adapted from Salter, Parker, Brown, El Leithy, & Wheatley (2015) observational 

coding system. Specifically, using a 1 to 4 scale, clients reported (a) their motivation to be 

involved in the imagery work; (b) their ability to stay with the image; (c) the vividness of the 

imagery; (d) the intensity of their emotions during the imagery work; and (e) their surprise 

during it.  These items were averaged to create a general index tapping imagery potency. The 

between- and within-person reliabilities for the scale was computed using procedures outlined 

by Shrout and Lane (2012): they were .63 and .59, respectively. 

Session and treatment evaluation. Following each session, clients completed the Session 

Alliance Inventory (SAI; Falkenström et al., 2015), Session Evaluation Scale (SES; Hill & 

Kellems, 2002; Lent et al., 2006). The SAI is a reliable yet brief measure for assessing working 

alliance repeatedly. It includes 6 items, each rated on a 0 to 6 Likert scale. In the current study 

we used composite scores created by averaging the 6 items. The between- and within-person 

reliabilities for the scale were computed using procedures outlined by Shrout and Lane (2012); 
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these were .91 and .79, respectively. The SES is a 5-item measure which asks clients to report 

their perception of the quality of the session on a 5-point Likert scale ranging from 1 (strongly 

disagree) to 5 (strongly agree), using statements such as “I am glad I attended this session.” The 

between- and within-person reliabilities for the scale were .78 and .70, respectively. 

An overall evaluation of the quality of the intervention was assessed at Time 6 using 4 

items adapted from the Credibility/Expectancy Questionnaire (CEQ; Devilly & Borkovec, 

2000). Clients were asked to report on a 10-point Likert scale ranging from 1 (not at all) to 9 

(very) their perception of how the therapy will help to reduce their test anxiety. The items used 

were: “At this point, how logical does the therapy that was offered to you seem?”, “At this 

point, how successfully do you think this treatment will be in reducing your test anxiety?”, 

“How confident would you be in recommending this treatment to a friend who experiences 

similar problems?” and “By the end of the therapy period, how much improvement in your test 

anxiety symptoms do you think has occurred?”. The internal reliability of this scale was 

Cronbach’s α .81.  

Analytic strategy  

One client dropped out before the delayed follow-up (Time 7) assessment; we carried-

forward her value from the last available data point (following the final session). We also report 

the results without this client in a set of footnotes1-4. Descriptive statistics were calculated for 

all demographic data. Time 6 overall treatment evaluation, along with Time 4(a-f) session 

evaluation and imagery potency measures were used to address hypothesis 1 (which centered 

on the protocol’s acceptability).  

We examined whether either site (i.e., Trier vs. BIU) or group (i.e., 2- vs. 4- vs. 6-week 

baseline periods) differences were present in the data. As none were found, we collapsed the 

data across all groups and both sites. Traditional repeated measures ANOVA and post-hoc 

paired t-tests were conducted to compare the TAI scores from each time point (Time 0, 1, 3, 5 
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and 7) to address hypothesis 2, which centered on the protocol’s efficacy. In addition, we used 

the reliable change index (RCI; Jacobson, & Truax, 1991) computed for the TAI. The standard 

deviation for collage undergraduate students (women: 13.7, men: 12.43) and the two-week test-

retest reliability estimates (rtt= .80) for this measure were obtained from its original manual 

(Spielberger, 1980). Finally, we also used growth models using STA responses from Times 2(a-

f), 4(a-f), 6, and 7. These were estimated using a piecewise model for intercept/slope 

discontinuity (Hoffman, 2015):  

STAtc = β0c + β1c* BL-Timetc + β2c* Txtc  + β3c* Tx-Timetc + β4c* FU-1tc + β5c*FU-2tc + rtc   

Where STAtc (i.e., the state test anxiety score at each assessment point  t for client c) is modeled 

as a function of the intercept, a slope coefficient (β1c) for the successive baseline assessments 

(Times 2a-f), a “jump” coefficient (β2c) estimating the change between the end of the baseline 

period (Time 2f) and the beginning of the treatment (Time 4a), another slope coefficient (β3c) 

for the successive pre-session assessments (Times 4a-f), and two more “jump” coefficients 

estimating the change between the end of treatment and the second followup (β4c) and the one 

between the second and third followup (β5c). 

To test hypothesis 3 (which addressed the associations between process variables) we 

used hierarchical linear models 

In the first of these models, SAItc (i.e., the session alliance inventory score on session t 

for client c) was modeled as a function of both the client’s average rating of potency for 

imagery, as well as the rating for potency of the current session’s imagery work: 

SAItc = γ00 + γ01* Avg. Imageryc + γ10 * Imagerytc + u0c + rtc 

In the second and third models, EE-SR and SES served as the outcomes; in all other 

respects, these models were identical to the second model.  
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5.4 Results 

Hypothesis 1: Acceptability of the protocol 

At the second follow up (Time 6), clients reported that they had found the treatment to 

be feasible using the CEQ, a measure which inquires about how logical, successful, and 

recommended the treatment is. Overall, clients found the therapy to be acceptable, with an 

average CEQ rating of 5.8 (range 3.3-8.8; SD=1.4, on a scale anchored by 1 and 9). Similarly, 

mean scores from the Session Evaluation Scale (SES: session one to session six) showed 

reported quality ratings to be high (M=4.31, SD=0.6). The average ratings increased over the 

course of the protocol’s sessions (session 1: 4.2, sessions 2: 4.3, session 3: 4.2, Session 4: 4.3, 

session 5: 4.4, and sessions 6: 4.5). A post-hoc paired sample t-test showed that this was a 

significant increase from session 1 to session 5 (t(30) = -2.3, p < .05, d = -0.40) and session 6 

(t(30) = -3.4, p < .01, d = -0.56).   

The clients’ ratings of the potency of the imagery component using the ImRs coding 

framework from session 1 to session six were also high (M=3.0, SD=0.5). The average ratings 

fluctuated somewhat from session to session, with the lowest rating (session 1: 2.8) in the 

session in which imagery was focused solely on safe-place images, and with higher ratings 

(session 2: 2.9, session 3: 3.2, session 4: 3.1, session 5: 2.9 and session 6: 3.1) for sessions with 

exploratory or rescripting imagery. A post-hoc paired sample t-test showed that this was a 

significant increase from session 1 to session 3 (t(29) = -4.0, p < .01, d = -0.81). 

Hypothesis 2: Treatment Outcome  

A one-way repeated measure ANOVA with time as the independent variable and clients’ 

reports of TA as the dependent variable showed that the treatment reduced clients' test anxiety 

significantly (F(4,120)=10.16, p<.001, η2  =.25).1 Post-hoc paired sample t-tests showed that 

 
1 F(4,116)=9.8, p < .001, η2=.25 
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TAI scores dropped significantly from recruitment to delayed follow-up (Time 0 to Time 7: 

t(30) = 4.0, p < .001, d = -0.75)2 , baseline to delayed follow-up (Time 1 to Time 7: t(30) = 4.4, 

p < .001, d = -0.84) 3 and pre-intervention to delayed follow-up (Time 3 to Time 7: t(30) = 3.8, 

p < .001, d = -0.72) 4. Figure 3 shows the mean TAI scores over time with confidence intervals 

and Table 2 presents the complete results of the post-hoc paired sample t-tests. A comparison 

of average pre-treatment scores (from Time 0, Time 1, Time 3) to post-treatment scores (from 

Time 5 or Time 7) using a post-hoc t-test showed that TAI scores dropped significantly (t(30) 

= 3.9, p < .001, d = -0.59).  

 

Figure 3. Mean Test Anxiety Inventory (TAI) Score over Time with confidence intervals 

(N=31). 

 

 

 
2 t(29) = 3.9, p < .01, d = 0.86 
3 t(29) = 4.2, p < .001, d = 0.73   
4 t(29) = 3.8, p < .01, d = 0.75 
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Table 2: Complete results of the post-hoc paired sample t-tests for the Test Anxiety Inventory 

(TAI) on 5 assessments. 

Pair Mean  SD t Statistic df p Value Cohens d  

T0 - T1 2.4 9.3 1.5 35 .138 -.260 

T0 - T3 1.1 6.9 0.9 30 .384 -.159 

T0 – T5 2.9 8.2 1.9 30 .061 -.434 

T0 – T7 9.1 12.7 4.0 30 <.001 -.746 

T1 - T3 0.45 5.6 0.45 30 .655 -.081 

T1 – T5 2.2 7.8 1.58 30 .124 -.315 

T1 – T7 8.5 10.8 4.4 30 <.001 -.836 

T3 – T5 1.8 8.25 1.2 30 .241 -.218 

T3 – T7 8.03 11.8 3.8 30 .001 -.716 

T5 – T7 6.26 11.0 3.17 30 .004 -.587 

 

Table 3 presents the RCI for the TAI from pre-treatment (Times 0, 1, and 3) to delayed 

follow-up (Time 7). One participant declined from Time 0 (recruitment) to delayed follow-up; 

the majority remained unchanged, but approximately 25% experienced positive reliable change 

by Time 7.  

Table 3: Reliable change index (RCI) analyses with Test Anxiety Inventory (TAI) scores. 

 Time 0 to Time 7 Time 1 to time 7 Time 3 to Time 7 

 d=0.87 d=0.76 d=0.74 

TAI    

(RCI for women=16.98;    

RCI for men=15.41)    

Total N 31 31 31 

Improvement 8 (25.8%) 6 (19.4%) 6 (19.4%) 

No change 22 (71.0%) 25 (80.6%) 25 (80.6%) 

Deterioration 1 (3.2%) 0 (0%) 0 (0%) 

 

The discontinuity growth model for STA scores (see Figure 4) revealed that during the 

baseline period, clients did not undergo any significant change (Times 2a-f;b=-0.001, SE=0.01, 

p = .89); they manifested a significant rise in symptoms at the beginning of treatment (between 

Time 2f and Time 4a;b=0.36, SE=0.17b=, p < .05) as well as a significant decline during 
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treatment (Times 4a-f;b=-0.14, SE=0.04, p < .001) and a further decline between the second 

and third follow ups (Times 6 and 7;b=-0.54, SE=0.17, p < .01).  

 

Figure 4. Growth model of state test anxiety (STA).  

Hypothesis 3: Treatment Process. Hierarchical linear models were estimated to 

examine the associations between the hypothesized process variable (potency of imagery work) 

and three session-level outcome variables (SAI, EE-SR, and SES). With session alliance (SAI) 

as the outcome, both the client average and the same session ratings of imagery potency were 

significant predictors (b=0.78, SE=0.29, P<.05; b=0.37, SE=0.08, p<.001, respectively). The 

same was true for the reported emotional experience (EE-SR; b=19.18, SE=9.0, p<.05; b= 

14.87, SE=3.05, p<.001) and the overall session evaluation (SES; b=0.90, SE=0.15, p<.001; 

b= 0.42, SE=0.07, p<.001). 

5.5 Discussion 

This pilot study examined the acceptability and effectiveness of a newly developed six-

session imagery-based protocol for the treatment of test anxiety. It also explored the processes 

that contribute to these. It joins the recently published study by Reiss et al. (2017) demonstrating 
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similar effects for imagery rescripting in group therapy for TA. Clients found the treatment to 

have a logical structure, and rated the sessions (in general) as effective and the imagery 

component of the sessions (in particular) as potent. Test anxiety levels were reduced 

significantly from pre- to post-treatment (Times 0,1,3 to Time 7), as evidenced by decrements 

in the TAI. This improvement in the TAI was reliable for nearly one quarter of the clients from 

pre-treatment to delayed follow-up, with no client manifesting a reliable deterioration from 

baseline to delayed follow-up. Whereas TA measured with the STA showed a significant 

decline between Time 6 and Time 7, no significant change occurred between the end of the 

treatment (Time 4f) and the second follow-up (Time 6), in contrast to what we had expected. 

Measurement-related issues (e.g., the reliance on the STA index which includes only two items) 

may be at play, as may be the relatively brief time for practice (one week). Finally, process 

analyses revealed that the putative active mechanism of the imagery work (namely, the potent 

activation of affect during any session) was indeed predictive of same-session session 

evaluations, experienced emotion, and therapeutic alliance ratings, which were all higher. Using 

HLM allowed us to ascertain that these associations cannot be explained by between-subject 

differences but rather that they are specific to within-session processes, as we hypothesized.  

While the patterns of findings reported here are novel, it is clear that results must be interpreted 

with caution and require replication.  

These results provide promising evidence for the acceptability, feasibility, and utility of 

using imagery-based methods in the treatment of test anxiety. Nonetheless, this study is not free 

of limitations. For one, it involved a relatively small sample size, leading to weaker power to 

detect treatment effects. A partial remedy for this limitation comes from the use of repeated 

measures both at baseline and during the treatment, yet a replication of this study with a larger 

sample is certainly needed to gain greater confidence in the results. Another limitation was that 

some of the clients did not have any exam scheduled after the treatment. Some clients completed 

their exams before the delayed follow-up assessments. We wanted to have a uniform time 
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period elapse between the treatment and these follow-ups (1 week until the first delayed follow-

up, and 2, 4, or 6 weeks [depending on group assignment] until the second delayed follow-up). 

Though we were able to request yet another (post-exam) report from some of the clients (those 

from the Trier site, which can be thought of as Time 8), the variability in the time lags and the 

incompleteness of such data rendered it less useful. Importantly, these data suggested some 

further reduction in symptoms from Time 7 to Time 8, though not a significant one (t(22) = 

1.73, p = .098, d = -0.39). Therefore, we conclude that the further decrease in TA between Time 

5 and Time 7 is due mainly to the treatment (e.g. more time to practice) rather than the passage 

of the exams. Future studies could avert this problem by enrolling only participants who share 

a more fixed academic schedule. 

In addition to the timing of the treatment vis-à-vis the students’ exams (and thus, post-

exam assessments), we have come to realize that future implementation of this protocol may 

benefit from re-considering the intensity of sessions. In the current study, we conducted the six 

sessions over the span of three weeks, mostly for scheduling reasons. The feedback from the 

therapists and supervisors was that this felt somewhat rushed, often leaving little time for the 

clients to practice skills or complete tasks discussed in the sessions. It is also possible that the 

non-significant findings between the recruitment (Time 0), baseline (Time 1) and pre-treatment 

(Time 3) and the first follow-up (Time 5) assessments are due to the high intensity of the 

protocol. Moreover, the Time 5 assessment, which was obtained in the room right after the 

completion of the last session, may have not allowed the clients enough time to implement any 

new skills or insights learned in that session.  

Importantly, the overall effect size (Time 0 to Time 7: d=.84) we reported is within the 

range of the more effective approaches included in Ergene’s (2003) meta-analysis (0.80 - 1.22), 

but does not exceed them. This may raise the question whether adding imagery work improves 

on existing treatments addressing TA. Notably, Ergene pointed out that their results should be 
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interpreted with caution, as most of the groups’ effects failed to be homogeneous and a 

significant amount of variance remained unexplained. However, to fully answer this question, 

future work will require conducting a randomized control study.  

Finally, the clients recruited into the study were not assessed using structured clinical 

interviews, and thus their diagnostic profiles are not fully known to us. Future work should seek 

to obtain additional diagnostic information which could inform us about the extent to which 

these outcome results are generalizable to a broader patient population. 

Despite these limitations, the findings of this study add to the growing body of 

knowledge on possible interventions for test anxiety. Several interventions utilizing various 

treatment strategies are used for TA (Ergene, 2003). The fact that combined approaches shows 

the highest effects leads to the suggestions that TA is more than a deficit of study and test taking 

skills as wells as a deficit of knowledge (Ergene, 2003).  There is a lack of studies, which 

investigate in the putative underlying mechanisms behind effective TA programs. Social phobia 

studies, which investigate in the effectiveness of ImRs in combination with cognitive 

restructuring discuss the change of the meaning of the early traumatic experience as core 

mechanisms (Lee and Kwon, 2013). This goes in line with the results of Reiss et al. (2017) as 

well as with the results of this study. This study broadens the range of target symptoms and 

disorders for which emotion-focused imagery-based interventions appear to have utility. We 

are excited to continue and hone this intervention, and while doing so, to deepen our 

understanding about the possible mechanisms at work here. For example, given the consistent 

evidence for a significant role for the therapeutic bond in psychotherapy (Rubel, Rosenbaum & 

Lutz, 2017; Lutz, Rubel, Schiefele et al., 2015), we hope to explore the possibility that the 

imagery work exerts some of its effects on the alliance and on outcome- In this study, we linked 

the potent imagery work to session-level alliance. So far, we did not test for mediation.  It is 

possible that the effect of alliance is mediated through a concomitant emotional activation in 
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the therapist. If that is the case, such activation should be observable in the therapist’s 

physiological reactions, as well as in synchrony in such reactions between clients and therapists. 

Such a finding would be consistent with the evidence that client-therapist concordance (i.e., 

synchrony) is tied to clients’ perception of their therapists’ empathy (e.g., Marci, Hamm, 

Moran, & Orr, 2007) – and through it, to positive therapy outcomes.  
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6 STUDY II: PSYCHOLOGICAL SYNCHRONY AND THERAPEUTIC 

ALLIANCE IN AN IMAGERY-BASED TREATMENT 

Bar-Kalifa, E., Prinz, J.N., Atzil-Slonim, D., Rubel, J., Lutz, W., & Rafaeli, E. (2019). 

Physiological Synchrony and Therapeutic Alliance in an Imagery-Based Treatment. Journal of 

Counseling Psychology, 66(4), 508-517. 

6.1 Abstract 

Client–therapist synchrony in various channels (e.g., self-reported affect or physical movement) 

has been shown as a key process in the construction and development of therapeutic alliance. 

However, psychophysiological synchrony between clients and therapists has been understudied, 

with the few extant studies typically relying on single-session data, and no studies examining it 

within the context of emotionfocused techniques. The main aim of the current paper is to 

examine the role of client–therapist physiological synchrony during segments of one emotion-

focused technique—namely, imagery (IM) work—in predicting therapeutic alliance, and to 

compare it to the role of synchrony during segments of more traditional cognitive– behavioral 

(CB) techniques. We conducted an open-trial study in which 31 clients with test anxiety 

received a 6-session protocol-based treatment. Both clients’ and therapists’ electrodermal 

activity (EDA) were continuously assessed during sessions. The physiological measures for 5 

sessions each (N _ 128) were used to compute client–therapist synchrony in IM and CB 

segments. Therapeutic alliance was assessed using the Session Alliance Inventory. Client–

therapist dyads’ synchrony during IM and CB segments was, on average, greater than chance. 

Synchrony varied mostly at the session (vs. the dyad) level. Multilevel analyses revealed that 

the synchrony within IM segments (but not within CB segments) was significantly associated 

with the therapeutic bond aspect (but not the 

task/goal aspects) of alliance. Physiological synchrony during emotion-focused IM is tied to 

the bond component of the therapeutic alliance at the session level.
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6.2 Introduction 

People tend to spontaneously synchronize their perceptual, affective, physiological and 

behavioral responses with each other (e.g., Koole & Tschacher, 2016; Liu, Zhou, Palumbo, & 

Wang, 2016; Ramseyer, 2011; Repp & Su, 2013; Semin & Cacioppo, 2008; Tschacher & 

Pfammatter, 2016). Such synchrony occurs more in the context of positive relationships, and 

tends to facilitate positive exchanges, cooperation, and helping behaviors (Bernieri, Reznick, 

& Rosenthal, 1988; Tschacher, Rees, & Ramseyer, 2014).  

In their Interpersonal Synchrony (In-Sync) model of psychotherapy, Koole and 

Tschacher (2016) argue that therapeutic alliance – i.e., the indication that a therapeutic 

relationship is positive, cooperative, and helpful – may itself be grounded in such synchrony. 

Specifically, the model suggests that synchrony between a client and a therapist allows the dyad 

to construct mutual understanding and to share emotional experiences, which ultimately 

facilitate therapeutic change (e.g., by improving clients’ emotion-regulatory capacities).  

Indeed, client-therapist synchrony in various channels, including conscious experience (e.g., 

Atzil-Slonim et al., 2018, Kivlighan et al., 2017, Rubel et al., 2018), somatic-motor activity 

(e.g., Paulick et al., 2017, 2018; Ramseyer & Tschacher, 2011), vocal qualities (e.g., Imel et 

al., 2014), and physiology level (e.g., Marci, Ham, Moran, & Orr, 2007; for review, see 

Kleinbub, 2017) were found to be associated with salubrious therapeutic outcomes (e.g., 

perceived empathy and lower drop-out).  

The main aim of the current paper is to examine the association between client-therapist 

physiological synchrony and clients’ reported therapeutic alliance. Specifically, we tested the 

idea that synchrony in the therapeutic dyad members’ electrodermal activity (EDA) will be 

associated with working alliance. We chose to focus on EDA as it indexes the sympathetic 

system, which is robustly associated with emotional arousal (Braithwaite, Watson, Jones, & 

Rowe, 2015).  
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Despite the growing number of studies that have begun to examine client-therapist 

synchrony in EDA, its dynamics and clinical meaning are still unclear (Kleinbub, 2017). In one 

of the earliest studies on the topic (Robinson, Herman, & Kaplan, 1982), 21 new client-therapist 

dyads were observed in one counseling interview. Clients from dyads who showed higher 

concordance in their electrodermal responses during the session reported that their therapists 

were more empathically understanding toward them. Similarly, Marci et al. (2007) analyzed 

single therapy sessions from 20 established client-therapist dyads; clients in dyads showing 

higher concordance in their electrodermal conductance levels during the session reported that 

their therapists were more empathically understanding. Moreover, in moments of high 

concordance, both clients and therapists demonstrated more positive behaviors (e.g., showing 

positive regard).  

One limitation of these two early studies on EDA synchrony and of many of the 

psychophysiological synchrony ones that have followed (for review, see Kleinbub, 2017) is 

their reliance on a single psychotherapy session (in fact, this has been a characteristic of most 

studies on client-therapist synchrony in other channels [e.g., movement or self-reported affect] 

as well). Importantly, with data from only one session, one cannot disentangle dyad-level (i.e., 

between-dyad) variance from session-level (i.e., within-dyad) variance. Specifically, if 

synchrony varies mostly at the dyad level, we should think of it as a characteristic of client-

therapist dyads, and thus should expect it to be associated with other dyad-level characteristics 

(e.g., dyads who tend to show synchrony across sessions may tend to have a strong therapeutic 

bond across sessions). Alternatively, if synchrony varies mostly at the session level, we should 

think of it as a characteristic of sessions, and thus should expect it to be associated with other 

session-level characteristics (e.g., sessions in which dyads are synchronous should be marked 

by a stronger bond). 
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Of course, these two alternatives are not necessarily mutually exclusive, as processes at 

both the dyad and the session levels can be at play. For example, the therapeutic alliance, which, 

in theory, is intimately tied to synchrony (Koole & Tschacher, 2016), often demonstrates both 

between-client and within-client effects on outcome (Falkenström, Granström, & Holmqvist, 

2013), although their magnitude often differs (Accurso et al., 2015; Zilcha-Mano, Muran, 

Hungr, Eubanks, Safran, & Winston, 2016). Thus, we sought to examine, for the first time, the 

relative contribution of these two levels of physiological (EDA-based) synchrony in predicting 

alliance.  

To this end, we used data from an open-trial study, in which 31 clients with test anxiety 

(TA) received a six-session protocol-based treatment. In addition to traditional cognitive 

behavioral techniques, each of the six sessions also included imagery work (e.g., safe-place 

imagery, imagery with rescripting), a set of techniques found to be effective in alleviating 

various psychological conditions (Lee & Kwon, 2013; Nilsson, Lundh, & Viborg, 2012; 

Wheatley, Hackmann, & Brewin, 2009), including TA (Reiss, Warnecke, Krampen, Luka-

Krausgrill, & Rohrmann, 2017). By helping clients enter in imagery into anxiety-related 

experiences and memories, this technique allows access to maladaptive affective-cognitive 

schemata in a relatively direct and emotionally-laden manner. Indeed, mental images, more 

than verbal prompts, tend to elicit intense emotions (Holmes & Mathews, 2005, 2010). In the 

context of therapy, such experiential activation provides a direct opportunity for processing the 

maladaptive emotions associated with the anxiety-related experiences (e.g., Goldman, 

Greenberg, & Pos, 2005). Using these, clients and therapists can work together to get a better 

sense of what was so emotionally distressing in the original experience, to understand the felt 

emotions and their previously inhibited action tendencies, and to recognize the unsatisfied 

psychological needs. Subsequently, clients and therapists can work to “re-script” the original 

experience in imagery, a process which often engenders a transformation of the previously held 

maladaptive affective-cognitive schemata (e.g., “I am a deficient person, and that’s why I have 
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poor study skills”) into less maladaptive ones (e.g., “I was just a kid; with the right guidance, I 

could have developed better study skills; in fact, I still can”).  

In the current study we were particularly interested in the interpersonal aspect of 

imagery work, an aspect which is often neglected in accounts of this technique. Specifically, 

we examined the role of client-therapist physiological synchrony during periods of imagery 

work in predicting therapeutic alliance. In our view, during these emotionally intense segments, 

as clients get more deeply in touch with their emotions and pain, they stand to benefit from 

having a therapist who is synchronized with their emotions. We contend that such attuned 

therapists would be better able to empathize with their clients’ experience, will gain an 

experiential understanding of their clients’ experiences, and thus will be better equipped to help 

their clients process and regulate their distress (for review, see Butler & Randall, 2013).  

Joint participation in such moments of empathic attunement (referred to, elsewhere, as 

“I-sharing” experiences; Pinel, Long, Landau, Alexander, & Pyszcynski, 2006), are at the heart 

of the therapeutic alliance (Koole & Tschacher, 2016). But they are likely to be more pertinent 

when clients and therapists share emotionally-laden moments. In contrast, we would expect it 

to be somewhat less relevant in other moments of therapy. Such (less emotional) moments can 

however serve as a within-dyad comparison point, thus providing context for the association 

between alliance (on the one hand) and synchrony during imagery work (on the other). In the 

present study, we were fortunate to have both imagery work and more traditional cognitive-

behavioral work within each of the protocol’s sessions. This provided us with a strong within-

dyad comparison point.  

To summarize, client-therapist synchrony has been proposed as a key process in the 

construction and development of the therapeutic bond. To date, studies on the effects of 

physiological synchrony have relied on data from a single therapy session per dyad, and thus 

could not clarify to what extent synchrony is a dyad-level or a session-level phenomenon. In 
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the present study, we used physiological recordings from 31 clients (and their therapists) who 

took part in a 6-session protocol-based treatment for TA; we used data from sessions 2-6 for 

reasons outlined below. The treatment included, in each session, imagery work techniques 

which elicit intense emotional responses, and thus, provide a unique experiential context to test 

the theorized beneficial relational effects of synchrony; the treatment also included, in each 

session, some traditional cognitive-behavioral work, which allowed us to examine synchrony 

levels in each of the contexts, and to test the prediction that only imagery-segment synchrony 

will be tied to therapeutic alliance. 

With these aims in mind, the following hypotheses guided our work: Hypothesis 1: We 

expected to find significant synchrony within segments devoted to both imagery and cognitive-

behavioral work. Hypothesis 2: We expected to find such synchrony to show significant 

variability both at the between-dyad level and at the between-session level. Hypothesis 3: 

Finally, we expected to find synchrony during the imagery work – but not during CB work – to 

be associated with alliance, and particularly with its bond facet (vs. its task/goal facets; 

Falkenström, Hatcher, Skjulsvik, Larsson, & Holmqvist, 2015).  

6.3 Method 

Treatment Program 

The treatment involved six sessions, each comprising a cognitive-behavioral component 

as well as an imagery-based component. During the imagery work, clients (and their therapists) 

were invited to close their eyes and to focus on four phenomenological elements: body 

sensations, emotions, cognitions, and behavioral tendencies. The imagery components in each 

session were as follows: Session 1 included safe place imagery work (in which clients enter in 

imagery into a safe, calm, and relaxing scene); Session 2 included exploratory imagery (in 

which clients explore a distressing situation relevant to their TA); Sessions 3 and 4 included 

imagery with rescripting (in which clients enter into a past test-related experience and rescript 
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it to be less distressing); Finally, sessions 5 and 6 included imagery with rescripting focused on 

a future experience (in which clients imagine a future study- or test-related situation and use 

mental contrasting [Oettingen & Reininger, 2016] to address expected obstacles to a desired 

end state). The cognitive-behavioral components in each session were as follows: Session 1 

included psychoeducation about TA; Sessions 2 and 3 involved identification of automatic and 

alternative cognitions and behaviors; Sessions 4 and 5 included review and adaptation of 

learning strategies and test-taking skills; Finally, session 6 involved consolidation and content 

review of the entire therapy. The 6-session protocol was administered over three weeks. In the 

present study, we utilized data from sessions 2-6 for each client, as the safe-place imagery 

practiced during Session 1 was intended mostly to socialize the clients to imagery work rather 

than to elicit strong TA-related emotions. For more details about the treatment, see Prinz, Bar-

Kalifa, Rafaeli, Sened, & Lutz (2019) and Prinz, Lutz, Bar-Kalifa, & Rafaeli, (2016); for the 

full protocol, see www.osf.io/hraqd.  

Clients 

The study is based on a sample comprising 31 clients treated by 10 therapists (ranging 

from 1 to 10 clients per therapist; M=3.1, SD=2.6). The clients were recruited at two sites: Trier 

University in Germany and Bar-Ilan University in Israel. Clients were recruited using flyers 

posted throughout the campuses and at the campus health services, ads placed in the newsletters 

of local universities, as well as a brief invitation given to participants in a TA prevention 

workshop offered on campus. Thirty clients were university students, and one was a trainee in 

a nursing program. The treatment was provided at no cost to participants. Clients eligible for 

the study had to meet the following criteria: Test Anxiety Inventory (TAI; Spielberger, 1980) 

scores > 50, no suicidality, and no current therapy addressing TA. The 31 clients ranged in age 

from 19 to 53 years (M=25.9, SD = 6.3) and the majority was female (74.2%). This study was 

approved by Bar-Ilan University IRB.  

http://www.osf.io/hraqd
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Therapists’ Training and Supervision  

Four of the ten therapists were graduates of a masters' program in psychology, and had 

no prior therapy experience; the remaining six therapists were PhD students in clinical 

psychology, each with at least 1-year prior experience as a clinician. All therapists were trained 

in the treatment protocol in a two-day workshop which involved modeling and role-playing the 

intervention modules. In addition, all therapists took part in a weekly group supervision led by 

an experienced psychotherapist.  

Procedure 

To identify the imagery work segments, we reviewed the recording of all sessions, and 

marked the start and stop points of closed-eye imagery work completed in the session 

(Mlength=19.8 minutes; SD=8.4). Similarly, we reviewed the recordings and marked the start and 

stop points of the cognitive-behavioral tasks completed in the session (Mlength=22.5 minutes; 

SD=9.8).  

The study utilized a multiple baseline design, with pre-treatment and post-treatment 

assessments as well as session-by-session reports. In addition, therapists’ and clients’ 

electrodermal activity (EDA) was continuously recorded during the sessions. Below, we 

provide details only regarding the measures used in the present study; for a fuller description 

of the assessment protocol, see Prinz et al., 2019).  

Measures 

Physiological Measures. In the Trier site, EDA data were recorded at a sampling rate 

of 500Hz using a Becker Meditec EDA module amplifier (Karlsruhe, Germany; with 0-100µS, 

Sensitivity 25mV/µS) connected to the acquisition computer via Cesys C028149 USB-

ISOLATOR. In the BIU site, EDA data were recorded at a sampling rate of 1Khz using the 

Mindware integrated system and software package (Mindware Techonology, Gahnna, OH). In 
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both sites, electrodes were attached to the thenar and hypothenar locations of clients’ and 

therapists’ nondominant hands. Continuous (1 Hz) EDA signals were extracted. These signals 

were examined for gross motion artifacts and for detection of non-responsive signals (failing to 

exhibit SCL>1 μS in at least 10% of the data), which were excluded from the analysis (N=18 

sessions). Data from nine additional sessions could not be used for technical problems.  Thus, 

83% (128 out of a possible 31 x 5=155 sessions) were available for analysis.  

Therapeutic Alliance. The Session Alliance Inventory (SAI; Falkenström et al., 2015) 

was completed by the client after each session. The SAI is a 6-item self-report questionnaire 

that assesses the therapeutic alliance. Each item is rated on a 6-point Likert scale ranging from 

1 (‘not at all’) to 6 (‘completely’). In the current study, we used the two sub-scale scores: for 

bond (M=5.38, SD=0.83) and for task/goal (M=5.14; SD=0.88). The between- and within-

person reliabilities for the composite scales were computed using procedures outlined by Shrout 

and Lane (2012); these were .87 and .65 for the bond subscale, and .86 and .71 for the task/goal 

subscale. 

Analytic approach 

Assessing synchrony. Synchrony between clients’ and therapists’ EDA was computed 

separately for imagery work (IM) segments and for the cognitive behavioral (CB) segments of 

each session using a time domain time-series analysis. Specifically, we first reviewed the 

recordings and marked the start and stop time of the IM task as well as those of the CB task of 

each session. We then removed the autocorrelated component from each EDA time series (see 

Gottman, 1981). This was done using R’s (R Core Team, 2013) auto.arima function (forecast 

package for R: Hyndman  et al., 2018) which automates the selection of ARIMA model 

parameters for each time series by optimizing model fit. We than computed the Cross 

Correlation Functions (CCFs) within ± 10 sec lags on dyads’ residualized EDA time-series, and 

used the maximal correlation as the synchrony level index (see Chatel-Goldman, Congedo, 
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Jutten, & Schwartz, 2014; Golland et al., 2014; Golland, Arzouan, & Levit-Binnun, 2015; 

Mauss et al., 2005, for a similar approach). To account for possible nonstationarity effects in 

physiological data over time, we computed the CCF in consecutive temporal windows of 120 

seconds, and then averaged across windows to obtain an aggregated index of synchrony for 

each session’s imagery segment.  

To test whether the average client-therapist dyads’ synchrony was greater than chance, 

we created surrogate data, by pairing 1,000 randomly selected time-series sequences drawn 

from our clients’ EDA data with an equal number of randomly selected time-series sequences 

drawn from our therapists’ EDA data. We then calculated the CCF on each of these random 

pairs. To test the statistical likelihood of the observed synchrony, we applied nonparametric 

bootstrapping procedure (with 1,000 repetitions) allowing us to compare the average CCF of 

the observed data to the sampling distribution of the means constructed from the surrogate data 

(for a similar approach, see Feldman et al., 2011 and Golland et al., 2014, for example).  This 

procedure was conducted twice: once for the IM segments and once for the CB segments.   

Assessing variability in synchrony. To estimate the between-dyad and between-session 

variability in synchrony, a 2-level hierarchal linear unconditional model was estimated with 

sessions nested within dyads5. Specifically, the following mixed model was estimated: 

Synchronytd=γ00 + u0d + rtd  

Where the synchrony during session t for dyad d was modeled as a function of the 

sample’s intercept (γ00), as well as a level-2 random effect (u0d - representing between-dyad 

variability) and a level-1 random effect (rtd - representing between-session variability). Again, 

 
5 Unconditional three-level models (sessions nested within dyads nested within therapists) showed no better fit 

for the CB synchrony (𝟀2[1]=1.687, p=.194). It did show a signficant improvment in fit for the IM synchrony 

(𝟀2[1]=4.070, p=.045); However, this 3-level model yielded hard-to-interpret results in which all level-2 variance 

was absorbed by level 3. We believe this resulted from the nesting of (too few) clients within (too few) 

therapists, and therefore we opted for the two-level models (sessions nested within dyads).  
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this analysis was conducted twice: once for synchrony in IM segments, and once for synchrony 

in CB segments.   

Assessing the association between synchrony and alliance. To test the association 

between client-therapist dyads’ synchrony and clients’ reported alliance we used an additional 

2-level hierarchal linear model with sessions nested within dyads6. Specifically, the following 

mixed model was estimated:  

Alliancetd=γ00 + γ01*Avg. Synchronyd + γ10*Session Synchronytd + γ20*Alliance(t-1)d + u0d 

+ rtd  

Where the alliance reported at the end of session t by client from dyad d was modeled as a 

function of the sample’s intercept (γ00), the average (across all sessions) synchrony of the client 

with his/her therapist (γ01), the synchrony of the client with his/her therapist at session t (γ10), 

the alliance reported by the client at the end of session t-1 (γ20), as well as level-2  between-

dyad (u0d) and level-1 between-session (rtc) residual (random) components. This model was ran 

3 times, with either the SAI total scores, the SAI-Bond sub-scale, or the SAI-task/goal subscale 

as the outcome. To disentangle between-dyad and between-session effects, the session-level 

predictors were person-mean centered whereas the between-dyad predictor was grand-mean 

centered. We reported three models: (a) using the IM synchrony index as the predictor; (b) 

using the CB synchrony index as the predictor; and (c) combining both indices of synchrony as 

predictors. Analyses were conducted using R’s lme4 package (Bates et al., 2015).  

6.4 Results 

Synchrony within IM work. Figure 1a presents the distribution of client-therapist dyads’ 

synchrony scores during IM segments, which had an average of 0.254 and a SD of 0.044. Figure 

 
6 Unconditional three-level models (sessions nested within dyads nested within therapists) showed no better fit 

for either the alliance task/goal subscale (𝟀2[1]=.072, p=.789) or the alliance bond subscale (𝟀2[1]=1.434, 

p=.231); therefore, we opted for the two-level models (sessions nested within dyads).  
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1b presents the sampling distribution of the means constructed from the surrogate data of 

randomly-paired IM work segments (M=0.230; SD=0.004). As can be seen, the sample’s 

(observed) mean synchrony level (marked by a dashed vertical line) was higher than the upper 

limit of the 95% confidence interval of the sampling distribution (marked by solid vertical 

lines); thus, consistent with Hypothesis 1, client-therapist dyadic synchrony during the IM 

segments was, on average, greater than chance. 

Synchrony within CB work. Figure 1c presents the distribution of client-therapist dyads’ 

synchrony scores during CB segments, which had an average of 0.254 and a SD of 0.050. Figure 

1d presents the sampling distribution of the means constructed from the surrogate data of 

randomly-paired CB work segments (M=0.226; SD=0.005). As can be seen, the sample’s 

(observed) mean synchrony level (marked by a dashed vertical line) was higher than the upper 

limit of the 95% confidence interval of the sampling distribution (marked by solid vertical 

lines); thus, and again consistent with Hypothesis 1, client-therapist dyadic synchrony during 

the CB segments was, on average, greater than chance. To compare synchrony levels during 

IM vs. CB segments we ran a 2-level multi-level model (with sessions nested within clients). 

This model revealed no significant difference (Est.=0.0001, SE=0.006, p=.901).  
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Partitioning synchrony variability. The results from the unconditional HLM analyses 

showed that synchrony during IM segments varied mostly at the within-dyad level. Specifically, 

whereas the estimated variability at level-1 was significant (Est.=0.00193, SE=0.00028, 

p<.001) and represented 98.8% of the total variability, the estimated variability at level-2 was 

not significant (Est. 0.00002, SE=0.00014, p=.4336) and represented only 1.2% of the total 

variability. Indeed, including a level-2 random component did not improve the fit of the model 

as indicated by a non-significant deviance test (𝟀2[1]=0). Thus, in contrast to our prediction 

(Hypothesis 2), synchrony during IM segments varied only at the session level.  
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The results from the unconditional HLM analyses showed that synchrony during CB 

segments varied at both the within-dyad and between-dyad levels. Specifically, both the 

estimated variability at level-1 (Est.=0.00200, SE=0.00029, p<.001) and at level-2 

(Est.=0.00050, SE=0.00027, p<.05) were significant, with the former representing 79.3% of the 

total variability. Indeed, including a level-2 random component improved the fit of the model 

as indicated by a significant deviance test (𝟀2[1]=7, p=.008). Thus, in support to our prediction 

(Hypothesis 2), synchrony during CB segments varied both at the session and at the dyad level.  

Estimating the association between synchrony during IM segments and alliance. Because 

synchrony during the IM segments showed no significant variability at level 2, we estimated 

the association of synchrony and alliance only at level 1 (i.e., session level). The results from 

the HLM analyses showed that synchrony was not significantly associated with the task/goal 

subscale of alliance (Est.=0.987, SE=1.315, p=.455). In contrast, and in line with Hypothesis 3, 

it was significantly associated with the alliance bond sub-scale (Est.= 1.926, SE=0.947, 

p=.045).   

Estimating the association between synchrony during CB segments and alliance. The 

results from the HLM analyses showed that synchrony was not significantly associated with the 

task/goal subscale of alliance at either the session-level (Est.= 0.668, SE=1.271, p=.601), or the 

person-level (Est.=4.576, SE=3.988, p=.271). Similarly, synchrony was not significantly 

associated with the alliance bond sub-scale at either the session-level (Est.=-0.201, SE=0.961, 

p=.835), or the person-level (Est.= 5.993, SE=3.342, p=.084), though the latter effect 

approached significance.  

Estimating the association between synchrony during both types segments and alliance. 

Our final combined models, which included both IM and CB synchrony indices as predictors, 
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revealed that only session-level synchrony during IM segments was positively associated with 

the alliance bond sub-scale (Est.=2.329, SE=1.002, p=.023).7 

Additional analyses. To test whether the six therapists with prior clinical experience  

differed from the four therapists without prior clinical experience (see method section, above) 

we ran an additional series of multi-level models which revealed no significant differences in 

synchrony (Est.=0.010, SE=0.009, p=.249 for IM segments; Est.=0.014, SE=0.0126, p=.268 

for CB segments) or in  reports of alliance (Est.=0.024, SE=0.295, p=.937 for the alliance 

task/goal subscale; Est.=0.485, SE=0.262, p=.075 for the alliance bond subscale). 

To test whether the alliance subscales or the synchrony indices showed a linear trend over 

the course of treatment we ran a series of unconditional linear growth multi-level models in 

which the predictor was session number and the outcomes were one of the alliance subscales 

or one of the synchrony indices. The fixed effects of the alliance subscales indicated relatively 

high initial levels of alliance (Est.=5.006, SE=0.140,p<.0001 for bond; Est.=4.869, SE=0.140, 

p<.001 for task/goal) as well as significant linear changes (Est.= 0.149, SE=0.024, p<.001 for 

bond; Est. 0.110, SE=0.025, p<.001 for task/goal). Of note, no such significant change was 

found for the synchrony indices (Est.= 0.003, SE=0.003, p=.696, for the IM segments; Est.= 

0.002, SE=0.003, p=.540, for the CB segments)8. In a second step, we used the models’ random 

effects to extract the individualized empirical Bayes estimates of the time slope for each client, 

and tested the correlations between these estimates. We found a siginficant positive association 

between the linear change estimates for the alliance subscales (r=.661, p<.001), as well as a 

 
7 Following a reviewer’s suggestion we tested for the possibility of reverse directionality – i.e., that alliance 

scores reported at the end of session t-1 would be associated with synchrony scores during session t. We found 

no evidence for such pattern: the alliance bond and task/goal subscales on session t-1 were not associated with 

either the synchrony during IM segments (Est=-0.010, SE=0.022, p=.372 and Est.=0.011, SE=0.010, p=.271, 

respectively) or synchrony during CB segments (Est.=0.013, SE=0.011, p=.242; Est.=-0.001, p=.912).  
8 We also ran models in which the session number was treated as a categorical predictor (allowing a test of time-

independent differences in levels of synchrony); these models too did not reveal significant differences in 

synchrony across the different sessions (F (4,99.2)=0.04, p=.996 for the IM segments; F(4,97.5)=0.32, p=.866 

for the CB segments). 
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significant positive association between the linear change estimates for synchrony indices 

(r=.369, p=.045). However, no significant associations were found between the linear changes 

in either alliance subscale on the one hand and either synchrony index on the other.   

6.5 Discussion 

The aim of this study was to investigate the dyad-level and session-level associations 

between therapeutic alliance and client-therapist EDA synchrony during imagery work 

conducted within a six-session treatment for TA, and to compare these levels and associations 

to those found with EDA synchrony during CB work. Whereas previous investigations have 

explored the ties between EDA synchrony and therapist-client empathy, the current study 

examined synchrony vis-à-vis alliance and did so within the context of a multi-session therapy; 

it also focused on the synchrony that occurred within two different types of interventions: 

imagery work, during which the therapeutic dyad was engaged in an emotion-focused 

technique, and CB work, during which the therapeutic dyad focused more on psychoeducation, 

rational analysis, and behavioral planning.  

As expected, we found client-therapist physiological synchrony to be greater than 

chance in both imagery and CB segments. We interpret this finding to mean that in therapy (as 

in other close dyadic interactions; e.g., Semin & Cacioppo, 2008), the two partners tend to 

experience concomitant emotional activation.  

To further examine the synchrony levels, we capitalized on the availability of multi-

session data which allowed us to partition the variability in synchrony into within-dyad as well 

as between-dyad levels. Within the imagery segments, synchrony varied significantly only at 

the session level. Within the CB segments, synchrony varied significantly at both levels, though 

the overwhelming majority of the variance was at the session level.  

Given the low-to-absent variability in client-therapist synchrony at the dyad level, we 

focused on the session level alone when examining the association between alliance and 



Study II: Psychological synchrony and therapeutic alliance in an imagery-based treatment 66 

 

physiological synchrony in either type of segment. We expected clients to benefit more from 

physiological synchrony with their therapist during emotionally intense segments, in which 

they come into deeper contact with their emotions and pain. We contended that such synchrony 

will characterize sessions in which the therapists would be more attuned and thus better able to 

empathize with their clients’ experiences, gain an experiential understanding of these, and be 

better equipped to help their clients process and regulate any distress that arises. In contrast, we 

expected synchrony within other, less emotionally-laden moments, to be somewhat less 

relevant. As expected, we found clients’ perception of the alliance bond to be more positive in 

sessions characterized by greater physiological synchrony during imagery work, but did not 

find such an association with the synchrony observed within CB work.  

One plausible alternative explanation for this finding is that clients and therapists show 

physiological synchrony because of simultaneous exposure to anxiety-provoking or agitating 

content that arises in the session (e.g., Schumacher et al., 2014). For this explanation to hold, 

however, it will need to account not only for co-activation (in response to shared content) but 

also for temporal synchrony in this activation (a pattern absent from the Schumacher et al. 

study). Moreover, it would need to account for the differential synchrony-alliance associations 

found with synchrony levels obtained in the imagery vs. the CB segments. 

Our results extend those found in earlier studies exploring client-therapist physiological 

synchrony (e.g., Marci et al., 2007; for review, see Kleinbub, 2017) in two major ways. First, 

most of these earlier studies have looked at the association between synchrony and empathy. In 

contrast, our work documents an association between synchrony and one key aspect of 

therapeutic alliance – namely, the therapeutic bond. Second, most earlier studies on client-

therapist physiological synchrony utilized data from a single session (cf., Stratford, Lal, & 

Meara, 2009, 2012). In contrast, our work, which relied on multiple sessions for each dyad, 

allowed us to distinguish between-dyad and within-dyad variability in synchrony. We found 
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client-therapist physiological synchrony to vary mostly (in CB segments) or entirely (in 

imagery segments) at the within-dyad or session level, but not at the between-dyad level. This 

finding suggests that synchrony is independent from various stable client or therapist 

characteristics (e.g., attachment styles), and is a state-like (rather than a trait-like) phenomenon 

(a finding which echoes recent results in dyadic research; see Wilson et al, 2019).  

Our findings open up several avenues for further research. For one, future studies could 

try to identify particular aspects of imagery work (or other therapeutic interventions) which 

facilitate greater synchrony. In particular, if synchrony indeed reflects a shared emotional 

experience (rather than a more rudimentary sharing of external environmental demands), it is 

likely to be influenced by a host of complex processes. As Koole and Tschacher (2016) 

suggested in their recent “In-sync” model, these may be particularly relevant to moments of I-

sharing, may involve the use of common language, and may lead to more adaptive affective co-

regulation.  

Thinking of shared or synchronous experiences in this way, future research should also 

try to uncover the mechanisms that tie synchrony to greater alliance. The results of prior 

research on such synchrony (for review, see Kleinbub, 2017) have mostly been quite general 

and thus less informative on this topic. To address the underlying mechanisms, future research 

will have to ask more specific questions – e.g., why are some sessions marked by greater 

synchrony and others by lesser synchrony? This will require a more nuanced view, not only of 

the outcome (as illustrated by the distinctions found between the bond and task/goal 

components of alliance) but also of the session itself (e.g., its emotional intensity, or the types 

of interventions utilized within it).  

Relatedly, though we expected a weaker association between synchrony and the other 

major component of alliance – i.e., agreement on tasks/goals – no such association was found 

at all. This lends support to the idea that the emotional intensity of imagery segments – i.e., of 
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deliberately emotion-focused interventions within therapy – facilitates a deeper experiencing 

of emotions in both client and therapist, and is particularly relevant to the emotional bond 

between the two parties. We may speculate that other features of imagery work (e.g., the 

willingness of the client to engage in such work) may be particularly relevant to the task/goal 

components of alliance – i.e., to the degree of agreement between client and therapist vis-à-vis 

therapeutic tasks and goals; of course, this speculation merits future research. 

Strengths, limitations, and future directions 

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

knowledge, it is one of the first studies to assess dyadic psychophysiological synchrony over 

the course of multiple psychotherapy sessions (see also Stratford, Lal, & Meara, 2009, 2012), 

and the first to examine EDA synchrony vis-à-vis therapeutic alliance. Moreover, the study’s 

focus on a particular therapeutic intervention – imagery work – created an interesting 

opportunity to examine synchrony in the absence of eye contact. Specifically, because imagery 

work is conducted while the clients (and quite often, the therapists) had their eyes closed, our 

results can be seen as consistent with those of Henning, Boucsein, and Gil (2001), who found 

that team members need no social-visual contact with each other to synchronize. These results 

offer a different take on the neuroscientific work which considers the mirror neuron system as 

the neural foundation of empathy (Gallese, Eagle, & Migone, 2007; Messina, Palmieri, Sambin, 

Kleinbub, Voci, & Calvo, 2013). Of course, the observation of others’ emotional responses may 

be mirrored. However, our results provide evidence for additional processes likely to underlie 

shared experience. 

One limitation of the current study is its reliance on a relatively small sample (i.e., 31 

dyads), which may mean that we were under-powered to detect smaller effects. As such, our 

finding should be taken as preliminary until replicated, though they now provide a good starting 

point for future a-priori power analyses. Additionally, though the number of sessions analyzed 
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was higher than in most previous studies of physiological synchrony, it remains a relatively 

small number (given the brevity of the protocol). This makes it harder to generalize from this 

study to ones in which a larger number of sessions are used. For instance, with a greater number 

of sessions, dyad-level differences may become more pronounced and thus be detectable.  

The two study sites utilized different hardware systems for the acquisition of the dyads’ 

EDA data. It would have been ideal to use the same systems, though the systems in both sites 

used were well-established, validated, and reliable. Importantly, both partners at each site were 

assessed with identical hardware, and the synchrony between partners was itself assessed using 

identical analyses.  

The very unbalanced distribution of clients (ranging from 1 to 10) within very few 

therapists (10 in total) limited our ability to examine therapist effects in either synchrony levels 

or the association between synchrony and alliance. It may be important in future studies to 

collect data that are sufficiently powered to examine level-3 variability reliably, and to test the 

possibility that such therapist-level variability underlies therapist effects in alliance or outcomes 

(e.g., Okiishi, Lambert, Nielsen, & Ogles, 2003). 

Finally, an issue which has slowed the progress of attaining greater clarity about the role 

of synchrony within psychotherapy is the lack of an agreed-upon procedure for estimating 

synchrony. As Schoenherr et al. (2018) illustrated recently (albeit with regards to movement 

synchrony), different operationalizations of the construct can – and do – yield quite divergent 

results. Thus, as several authors (e.g., Kleinbub, 2017; Palumbo et al., 2017) have argued, 

investigators should put greater effort into establishing empirically-based gold-standard 

procedures for operationalizing synchrony. This, in turn, would allow aggregation and 

comparison of results across studies, and would thus move us towards a more nuanced 

understanding of synchrony’s effects (e.g., when and for what clients is it effective?). 
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These limitations notwithstanding, the results of the present study highlight the 

importance of physiological synchrony between clients and their therapists for therapeutic 

bond, and offer an intriguing possibility about the different mechanisms at work during imagery 

work vs. CB work. We hope this study heralds a rise in the use of multi-session assessments of 

client and therapist synchronized physiology, as there is much to learn from studying these 

subtle but important markers of client (and therapist) responses to the rich processes that make 

up therapy. 
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7 STUDY III: PHYSIOLOGICAL (CO-) ACTIVATION AND 

EMOTIONAL PROCESSING DURING IMAGERY RESCRIPTING 

Prinz, J.N., Reuter, J., Bar-Kalifa, E., Rafaeli, E., & Lutz, W. Physiological (Co-)Activation 

and Emotional Processing during Imagery Rescripting. Submitted to Journal of Consulting and 

Clinical Psychology, September 20th, 2019 

7.1 Abstract 

Objective: Imagery Rescripting (ImRs) is an increasing topic of psychotherapy research.  

Though the effectiveness of ImRs has been demonstrated in the treatment of various 

psychological disorders, the mechanisms underlying it remain unclear. While current 

investigations of the mechanisms driving the effects of ImRs predominantly refer to memory 

processes, the physiological processes occurring in the course of ImRs have received less 

attention. In this study, we investigate the associations between clients’ physiological arousal 

as well as client-therapist dyadic synchrony in such arousal and emotional processing during 

ImRs. Method: The results are based on 122 therapy sessions with 1827 two-minute segments 

from an imagery-based treatment for test anxiety with 49 clients. Client and therapist 

electrodermal activity was continuously monitored, and emotional processing was rated by 

external coders using the Experiencing Scale. Results: Hierarchical linear modeling was used 

to demonstrate a positive association between clients’ physiological arousal and clients’ 

emotional processing during episodes of ImRs. Furthermore, moderate levels of physiological 

synchrony were associated with higher emotional processing. Conclusion: The results provide 

first evidence that during ImRs, client physiological arousal as well as client-therapist 

synchrony might be an important indicator of clients’ depth of emotional processing. 

Key words: electrodermal activity, physiological synchrony, imagery rescripting, emotional 

processing  
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Public Health significance statement: This study suggests that clients’ physiological arousal 

and client-therapist physiological synchrony may be predictors of emotional processing. With 

further research, physiological co-activation might acquire increasing significance as a 

mechanism underlying ImRs and other interventions.   

7.2 Introduction 

In clinical settings, the rationale for using imagery as a therapeutic technique essentially 

lies on its powerful psychological and physiological impact. Imagery has been found capable 

of activating the same emotional reactions as if the imagined scenario were actually experienced 

(for reviews, see Holmes & Mathews, 2010; Ji, Heyes, MacLeod, & Holmes, 2016). Mental 

imagery activates sensory-perceptual representations and is linked to perceptual processes in 

the brain. As a result, the mere imaginal activation of an emotional scene can elicit physiological 

responses that are similar to the real experience of this scene (Holmes & Mathews, 2010; Ji et 

al., 2016). Indeed, increases in heart rate or electrodermal activity while imagining emotional 

events have been demonstrated in several studies (e.g. Cuthbert et al., 2003; Miller et al., 1987; 

Lang, Levin, Miller & Kozak, 1983). 

The emotional power of imagery is put to good use in Imagery Rescripting (ImRs) - a 

clinical intervention designed to directly modify the content of distressing experiences within 

imagery (Arntz & Weertmann, 1999; Holmes, Arntz, & Smucker, 2007). ImRs is thought to 

change maladaptive meanings and schematic beliefs related to such experiences (Arntz & 

Weertmann, 1999). As an experiential method, ImRs directly addresses formative aversive 

experiences, often rooted in childhood or adolescence, which are considered to play a central 

role in the formation of core dysfunctional beliefs that are linked to present problems. As such, 

ImRs enables clients to mentally process difficult memories, modify maladaptive meanings and 

accessing new, corrective emotional experiences.  
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Within ImRs, clients are guided to imagine a distressing experience as vigorously as 

possible, using all senses, and accessing both emotions and cognitions. Then, the experience is 

‘rescripted’ – i.e., the imagined event is changed in a positive, desired direction until the needs 

of the client are fully satisfied. Change in the imagined scene and its involved emotions are 

seen to entail transformations in core belief systems (Arntz & Weertmann, 1999; Rafaeli, 

Maurer, & Thoma, 2014; Smucker et al., 1995; Young, Klosko, & Weishaar, 2003). Over the 

last decade, the body of clinical research devoted to investigating ImRs has grown considerably, 

and evidence for its effectiveness in the treatment of various psychological disorders has 

amassed (e.g., posttraumatic stress disorder [e.g. Raabe, Ehring, Marquenie, Olff & Kindt, 

2015; Smucker et al., 1995], social phobia [e.g. Lee & Kwon, 2013; Reimer & Moscovitch, 

2015], test anxiety [Reiss, Warnecke, Tolgou, Krampen, Luka-Krausgrill,& Rohrmann,2017; 

Prinz, Bar-Kalifa, Rafaeli, Sened, & Lutz, 2019]; personality disorders [e.g. Weertman & Arntz, 

2007], and depression [e.g. Brewin et al., 2009]).  

As for the mechanisms underlying its effects, most research to date has pointed to 

intrapersonal processes, particularly changes in memory representation, occurring in the course 

of ImRs (Arntz, 2012). One prominent mechanism ascribed to the technique is a change in the 

meaning of the aversive experience that occurs through unconditioned stimulus re-evaluation 

(Arntz, 2012). According to this account, reactivating the memory representation of the 

aversive experience during ImRs renders the memory temporarily labile and susceptible to new 

corrective information which can update the existing memory. Subsequently, the re-evaluated 

memory representation becomes reconsolidated, resulting in less distress in subsequent 

activation of this memory (Arntz, 2012; Dibbets, Poort & Arntz, 2012).  

A somewhat different position, the retrieval competition account (Brewin, 2006; 

Brewin, Gregory, Lipton, & Burgess, 2010), suggests that ImRs brings about an alternative 

positive memory representation which competes for retrieval with the original negative 
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memory. According to this position, the new positive memory representation is more elaborated 

and accessible and therefore “wins” the retrieval competition over the original memory 

representation (Brewin, 2006; Brewin et al., 2010). Other hypotheses about the mechanisms of 

action in ImRs refer to the expression of emotional needs and the subsequent facilitated 

satisfaction of these needs (Arntz, 2012), as well as to the narrative coherence achieved when 

traumatic events are elaborated and integrated into long-term autobiographical memory 

(Dibbets & Arntz, 2015).  

Common to all these explanations is the focus on intrapersonal memory mechanisms. 

Notably, there is evidence for a reciprocal relation between memory processes and autonomic 

functions (e.g., physiological arousal; Hugdahl, 1996; Bassi & Bozzali, 2015; Critchley, Eccles, 

& Garfunkel, 2013). For instance, in an early study, Bradley and colleagues (1992) 

demonstrated that high-arousal stimuli (namely, pictures eliciting greater electro-dermal 

activity) were remembered better than low-arousal stimuli. Thus, it would be worthwhile 

examining the role of such arousal as a possible mechanism within imagery rescripting.  

Though the investigation of physiological arousal is a relatively new field in 

psychotherapy process research, recent reviews of the extant literature (e.g., Ji et al., 2016) have 

suggested that mental imagery exerts physiological effects through the evocation of emotion, 

and that these effects may contribute to therapeutic change. For example, outcomes in imaginal 

exposure (IE) therapy are significantly associated with clients’ initial physiological activity 

(e.g. Halligan et al., 2006; Jaycox, Foa, & Morral, 1998; Kozak et al., 1988). ImRs overlaps 

with IE in certain ways – specifically, clients are exposed (at least temporarily) to distressing 

experiences within imagery (Smucker et al., 1995). Hence, one might expect that physiological 

correlates would be involved in ImRs processes. However, no studies to date have examined 

this prediction.  
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ImRs is experiential in its nature. As such, it stands to reason that conscious processing 

of inner experiences may be integral to the approach’s effects. Such emotional processing in 

psychotherapy has also been conceptualized as ‘experiencing’ (Pos, Greenberg, Goldman, & 

Korman, 2003) and has frequently been measured with the Experiencing Scale (EXP; Klein, 

Mathieu, Gendlin, & Kiesler, 1969). EXP aims to assess the extent to which clients consciously 

process inner experiences, have access to their feelings, and achieve awareness of the meaning 

and personal significance these feelings and experiences have for them (Kiesler, Mathieu, & 

Klein, 1964; Klein et al, 1969). Thus, EXP scores can be viewed as a client process variable 

reflecting the ongoing cognitive and emotional processing of inner experiences in therapy.  

The deepening of emotional processing has been posited as a core mechanism in client 

change within experiential and cognitive therapies (Castonguay et al., 1996; Greenberg & 

Watson, 2006). In line with this, a series of studies have demonstrated that higher levels of 

clients’ emotional processing are linked to better overall improvement, with clients who show 

improvement displaying higher peak EXP ratings than ones who do not (Castonguay et al., 

1996; Hendricks, 2002; Watson & Bedard, 2006). These findings further underscore the 

importance of investigating factors that may be associated with clients’ emotional processing 

during ImRs. 

Importantly, other forms of experiential therapy (e.g., EFT; Carryer and Greenberg, 

2010) have demonstrated the importance of emotional arousal for psychotherapy success. 

Specifically, using self-report measures, Carryer and Greenberg observed a quadratic 

association, such that moderate levels of arousal predicted better outcomes than extremely high 

or low levels of arousal. This suggests that when arousal level is too high, it may hinder 

cognitive processing (Carryer & Greenberg, 2010). Processing emotional experiences and 

understanding their meaning probably requires a moderate level of emotional arousal – i.e., 

levels of arousal that go beyond indifference but are short of distress. Indeed, the notion that 
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the intensity of arousal interacts with cognitive processing is quite well established, and harks 

back to the Yerkes-Dodson law (Yerkes & Dodson, 1908) which predicts a curvilinear 

association between arousal and performance on complex tasks. 

However, if ImRs involves emotional processing (i.e., directing one’s attention inward, 

coming into contact with, and working through emotional experiences; Kiesler, 1971; Klein et 

al., 1969; Pos et al., 2003, it is likely to evoke emotional experiences. These, in turn, are likely 

to engage the activation of the autonomic nervous system (for reviews, see Kreibig, 2010; 

Sequeira, Hot, Silvert, & Delplanque, 2009). Thus, clients’ depth of emotional processing (i.e., 

EXP; Klein et al., 1969) during ImRs should be observable at a physiological level. However, 

as far as we know, no research has explored any physiological correlates of emotional 

processing (within ImRs or in any other context). Determining whether physiological responses 

to ImRs covary with the depth of emotional processing will further our understanding of the 

active components of EXP, and provide important insights into the mechanisms of action 

underlying ImRs. This is the first aim of the present paper. 

A second aim of our paper is to go beyond the intrapersonal processes explored to date 

(whether they be purely cognitive or also psychophysiological), and consider the possibility 

that inter-personal factors may also serve as mechanisms of change. In particular, we wish to 

examine whether client-therapist dyadic psycho-physiological synchrony may also be tied to 

clients’ in-session experiencing.   

Client-therapist synchrony refers to the temporal concordance in clients’ and therapists’ 

reactions, which can be observed in various modalities (including motor, behavioral, affective, 

acoustic, verbal, perceptual, and physiological channels). Several converging approaches have 

addressed possible mechanisms underlying the effects of interpersonal synchrony within 

psychotherapy (for review, see Koole et al., in press). In their influential IN-SYNC 

(INterpersonal SYNChrony) model, Koole and Tschacher (2016) argued that synchronized 
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clients and therapists share the emotional load and develop a common understanding of internal 

experiences; the resulting state of “being on the same page” helps clients regulate their 

emotions.  

Indeed, synchrony between clients and therapists has been tied to good outcomes (e.g., 

Lutz et al. (in press); Paulick et al., 2017). This has generally been true of studies examining 

physiological synchrony, as well (for review, see Kleinbub, 2017). For example, Marci et al. 

(2007) demonstrated a positive relationship between client-therapist synchrony in EDA and 

client’s perception of therapist empathy. Similarly, Bar-Kalifa et al. (2019) recently found 

synchrony in EDA to predict a positive alliance bond as perceived by clients undergoing 

emotion-focused imagery work.  

The IN-SYNC model puts an emphasis on the regulatory function of synchrony. A 

complementary process which may accompany synchrony is that of shared experience. Several 

studies have shown that shared experiences increase the vividness of these experiences in 

interpersonal relationships. For example, Boothby and colleagues (2014) examined sensory 

experiences – specifically, tasting sweet or bitter chocolate – and found them to be amplified 

for better or for worse when they were shared with another person. Boothby et al. (2016) further 

demonstrated that experience sharing exerts its effect only when the co-experiencer is viewed 

as psychologically proximate (as clients and therapists are likely to be). 

One can think of physiological synchrony as an indicator of shared experience. 

Specifically, such synchrony may reflect the empathic attunement of therapists to their clients’ 

experiences. Therapists who “get into” the image described by their clients are likely to attain 

a better comprehension of the image’s subjective meaning (Bar-Kalifa et al., 2019); the 

resulting greater synchrony should then facilitate the client’s conscious processing of the 

emotional experience, as their therapist is in a better position to guide the client and get to the 

heart of the meaning of their experience. 
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Previous research on physiological synchrony the need to take non-linearity into account 

(Giuliano, Skowron, & Berkman, 2015). For example, Liu and colleagues (2016) demonstrated 

a quartic model with linear and quadratic slopes to be the best-fitting model in examining EDA 

synchrony in romantic couples. We adopt this idea in examining both linear and quadratic 

effects of EDA synchrony between clients and their therapists during ImRs. 

In sum, the present study has two main goals. First, we wish to investigate the role of 

physiological arousal in emotional processing in the context of ImRs. Based on the 

considerations above, we expect the intensity of clients’ physiological arousal (EDA) to be 

positively associated to their level of emotional processing (EXP) in the course of ImRs. 

Second, we wish to explore whether client-therapist physiological synchrony in physiological 

arousal (EDA) will be tied to clients’ level of EXP. Considering previous research as described 

above, we expect that physiological synchrony would predict higher levels of clients’ EXP. 

7.3 Method 

Clients 

Students at a large German university who experienced test anxiety were recruited for 

the study using flyers and a campus newsletter.  For inclusion, participants needed to meet the 

following criteria: (1) receive a Test Anxiety Inventory (TAI; Spielberger, 1980) score higher 

than 54; (2) report no imminent risk for suicide; (3) not currently be in any other form of 

psychological treatment targeting test anxiety. Sixty-nine potential clients were screened for 

eligibility. Three were excluded because of TAI scores below threshold. Ten completed the 

intake but opted not to join the treatment because of concerns about the setting and time 

demands. Fifty-six met the inclusion criteria and started the treatment. Of these, seven clients 

dropped out during the treatment period after completing 4 sessions or less. Thus, 49 clients 

completed the entire 6-session protocol. The majority (n = 87.8%) of clients were females. 
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Clients differed in terms of their academic field, with psychology, law, education, business, and 

computer science being the most frequent fields. For more client information, see Table 1. 

In a phone intake screening conducted by intensively-trained clinicians, clients were 

administered the Mini-International Neuropsychiatric Interview 5.0.0 (M.I.N.I.; Ackenheil, 

Stotz-Ingenlath, Dietz-Bauer, 1999), with diagnoses discussed in consensus teams comprised 

of the interviewers. Fifty-one percent of the clients received no diagnosis, 28.6% received one 

diagnosis, and 20.4% received two or more diagnoses. Of those who did meet criteria for some 

diagnosis, 18 (52.9%) did so for an anxiety disorder, and 16 (47.1%) for a depressive disorder. 

More information is provided in Table 1. 
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Table 1 

Sample Characteristics: Demographic and Clinical Variables 

Variables Mean Rage 

  Client age (in years) 

  Academic year 

24.1 

4.5 

19 – 36 

1 – 16  

  n % 

Marital status    

single 36 73.5 

in relationship  12 24.5 

married 1 2.0 

 

Academic field  

 

 

  

Psychology 16 32.7 

Law 7 14.3 

Education 7 14.3 

Business 4 8.2 

Computer science 2 4.1 

Other 13 26.5 

Degree being pursued   

Bachelor 36 73.5 

Masters 5 10.2 

PhD 1 2.0 

Other 7 14.3 

 

Primary MINI-Diagnosis 

 

24 

  

Depression 12 50.0 

Major Depression 9 37.5 

Dysthymia 3 12.5 

Anxiety (Social Anxiety Disorder) 12 50.0 

 

Secondary MINI-Diagnosis 

 

10 

 

20.4 

Depression 4 8.2 

Anxiety 6 12.2 

 

Therapists, Training, and Supervision 

The therapists in this study were four psychotherapy trainees with an average experience 

of two years, and nineteen masters’ students in clinical psychology, with no prior therapy 

experience. All therapists received intensive training in using the six-session protocol. The 

training included reading and discussing the protocol, watching sample videos of experienced 

clinicians conducting ImRs with actors suffering from test anxiety, and practicing each of the 
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six sessions in role plays. Furthermore, therapists attended weekly group supervision 

throughout the entire treatment period. Training and supervision were delivered by one 

experienced clinical psychologist, with notably experience in conducting ImRs. 

Procedure 

Following the intake interview, but prior to the first session, every client received a 

study information sheet and provided written informed consent. They were informed about the 

general study aims (namely to test an innovative, emotionally-focused treatment manual using 

ImRs in the treatment of test anxiety) but they were naive regarding the specific hypotheses of 

this study. All clients were aware that the sessions will be audio- and video-taped and that their 

EDA will be recorded throughout the entire session. Beyond that, they were aware that 

participation is voluntary and that they can stop treatment at any time for any reason and without 

any negative consequences. Participation was at no cost.  

Treatment Model  

The content and tasks of all six sessions were detailed in the protocol (see Prinz et al., 

2019). A segment of imagery work was a part of every session, alongside psycho-educational 

(i.e., learning and test-taking skills) and cognitive-behavioral (i.e., identification and cognitive 

restructuring of maladaptive negative thoughts) elements, as well as assignment and review of 

homework. The imagery segments within each session differed somewhat (session 1: safe-place 

imagery; session 2: imagery assessment; sessions 3-4: imagery with retrospective rescripting; 

sessions 5-6: imagery with prospective rescripting). For the present study, data from the first 

two sessions were excluded from all analysis, as these sessions did not include rescripting work.  

Prior to each imagery segment, therapists provided a brief introduction to the specific 

technique to be used; these introductions were kept deliberately short to avoid possible demand 

effects. Clients were then invited to close their eyes; therapists also closed their eyes for the 
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majority of time, or turned their chairs sideways so as to make the experience more private for 

the clients. Each imagery segment began with a brief body scan, to facilitate the desired shift in 

attention from the outside world inwards. During the imagery, clients were asked to describe 

experiences as if they are happening in the here and now (i.e., in first person, present tense 

language). The length of the imagery segments was on average 31.6 minutes (SD=9.4) and 

increased over the course of the protocol (session 3: M=30.2 min; session 4: M=31.6 min; 

session 5: M=32.2 min. and session 6: M=32.4 min.).  

Measures 

Emotional Processing (EXP, Klein et al., 1969). 

Clients’ levels of emotional processing during the ImRs intervention were assessed 

using the Experiencing Scale (EXP; Klein et al., 1969). This scale is a rater-based 7-point Likert 

scale applied to recorded segments drawn from psychotherapy sessions, which evaluates the 

depth of client’s expressed feelings and their awareness of personal meaning those feelings 

have for them. Low scores on this scale imply impersonal statements and external references; 

higher scores imply greater self-awareness, understanding, and reflection of inner experience 

(Klein et al., 1969).  

EXP ratings were made by a total of three raters. Two were masters’ students in 

psychology and one was a post-MA psychotherapy trainee. Raters went through the 

standardized training procedure developed by Klein et al. (1969) and had an additional 

extensive two-day training in coding EXP, in which all raters coded about 5% of the sessions 

together and held consensus discussions. Sessions and clients were randomly divided between 

raters. For 65% of all sessions, ratings were based on the evaluation of only one rater; for the 

remainder, ratings were based on two raters’ evaluations.  
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For each segment, raters coded both the overall or predominant level of experiencing in 

a segment (referred to as “mode”), and the highest level of experiencing within the segment 

(referred to as “peak”; Klein et al., 1969). Following Klein et al. (1969), when there was no 

within-segment variability in level, the mode and peak scores were kept identical. Both indices 

reached excellent inter-rater reliability (for mode: ICC=.92; for peak: ICC=.91). In segments 

coded by two raters, we used only the ratings of a randomly chosen rater for that segment.  

The correlation between the mode and peak indices was very high (r=0.90); thus, in all 

subsequent analyses, only the peak scores were included. Our segmenting procedure yielded 

2967 two-minute segments for mode and peak ratings, respectively.  

Physiological Measurement: Client electrodermal activity (EDA) and client-therapist 

electrodermal synchrony 

EDA was monitored using two electrodes fixed to the third and fourth digits of both 

clients’ and the therapists’ non-dominant hand. The signal was recorded with a module using 

the constant voltage method (Becker Meditec, Karlsruhe, Germany) with a range of 0-100 

microS, and sensitivity of 25mV/microS. The signal was sampled with 500 Hz (National 

Instruments multifunction Module USB-6002) and a resolution of 16 bits with DasyLab V. 10 

(National Instruments Ireland Resources, Limited). The signal was downsampled to 25Hz and 

stored as ASCII file. EDA was recorded at 1-second intervals, and averaged for analyses across 

2-minute segments.  

At the beginning of each session, a 2-minute baseline period (BL) was collected to adjust 

for individual difference in EDA. Specifically, the raw EDA data for each 2-minute segment 

was divided by the BL EDA.  

Client-therapist EDA synchrony was measured applying cross correlation functions 

(CCFs) to clients’ and therapists’ raw EDA data (see also Bar-Kalifa et al., 2019).  Before
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 computing the CCFs, we used the auto.arima function (forecast package for R: Hyndman et 

al., 2018) to remove the autocorrelated component for each EDA time series. We then computed 

cross correlations with a maximum lag of +/- 10s for each 2-minute segment of the dyad’s 

residualized EDA time series. The maximal correlation was used as the synchrony index. In 

total, 122 sessions (out of 49 x 4 = 196) were available for analysis. Excluded sessions were 

removed for technical problems (N=24) or for non-responsive signals (N=48).  

After merging the physiological data with the peak EXP, 1827 two-minute segments 

were analyzed.  

Data Analysis 

Assessing the association between EXP, clients’ EDA and physiological synchrony. Our 

data has a hierarchical (3-level) structure9, with repeated 2-minute segments of EDA and peak 

EXP nested within sessions, and sessions nested within clients. To account for this structure, 

we used hierarchical linear modeling (HLM), a statistical method that takes into account non-

independence among observations and is thus ideally suited for studying multi-level data (e.g., 

Raudenbush & Bryk, 2002). HLM allows for simultaneous investigation of both within- and 

between-level associations (Hofmann, 1997). Our HLM model examined whether clients’ 

physiological arousal (indexed by EDA) as well as client-therapist physiological synchrony 

(indexed by CCF scores) would be associated with clients’ peak EXP levels. In the model, peak 

EXP (during segment s of session t) was the criterion variable; it was modeled as a function of 

the sample’s intercept (γ000), the linear and quadratic effects of client c’s EDA at segment s of 

session t (EDAstc, EDA2
stc), as well as the linear and quadratic effects of the EDA synchrony 

between client c’s and their therapist’s EDA at segment s of session t (Syncstc, Sync²stc). In 

 
9 Unconditional four-level model showed significant better fit than three-level models (segments 

nested within sessions nested within clients nested within therapists; χ²=7.54, p<.01). However, the 

four-level model did not yield to different results. Given the fact, that therapists treated on average 2 

clients we opted for the three-level model (segments nested within sessions, and sessions nested within 

clients).  
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addition, the model included residual (error) components at levels 1 (between segments, estc), 2 

(between sessions, r0tc), and 3 (between clients, u00c). The model was estimated using the linear 

mixed effects (lmer) function in the nonlinear mixed effects (lme4) R modeling package (Bates, 

Maechler, Bolker, & Walker, 2015).  

Peak_EXPstc = γ000+ γ101 * EDAstc + γ102 * EDA²stc + γ103 * Syncstc + γ104 * Sync²stc + u00c + r0t + 

estc 

7.4 Results 

Descriptive statistics of clients’ in-session emotional processing (peak EXP) for each 

session (3 to 6) are provided in Table 2. The peak EXP ratings ranged between 1 and 6, with an 

average of 3.54 (SD = 1.18). To examine change in these peak EXP scores over the course of 

treatment, we estimated an unconditional growth model, and found a significant increase over 

the course of the four session (b=0.09, SE=0.03, p<.01).  

Table 2  

Means (and Standard Deviations) and range of peak EXP ratings for session 3 to 6 

 Session 3 Session 4 Session 5 Session 6 

Mean Peak EXP 3.37 (1.10) 3.51 (1.17) 3.54 (1.21) 3.65 (1.19) 

Range Peak EXP 1 – 6  1 – 6 1 – 6 1 – 6 

Note. EXP = The Experiencing Scale. 

Association between EXP, clients’ EDA, and client-therapist EDA synchrony.  

The HLM model with peak EXP as the criterion variable and with linear as well as 

quadratic effects of both client physiological arousal as well as client-therapist physiological 

synchrony appears in Table 3. As the table illustrates, clients’ EDA was positively associated 

with their peak EXP levels (b=0.32, SE=0.09, p<.001). The quadratic term showed a marginal 

significant association (b= -0.02, SE=0.01, p= 0.07). Additionally, both the linear and quadratic 

terms for client-therapist EDA synchrony were significantly associated with peak EXP (linear: 

b= 4.56, SE=1.48, p<.01; quadratic: b= -9.63, SE=3.06, p<.01). Figure 1 and 2 present plots of 

the regression model. 
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Table 3 

Linear and Quadratic Effects of Clients’ EDA and EDA Synchrony as Predictors of Clients’ 

peak EXP 

 Peak EXP 

Predictors Estimate (SE) p 

Intercept 2.59 (0.21) <.001 

Clients’ EDA 0.32 (0.09) <.001 

Clients’ EDA² -0.02 (0.01) 0.07 

EDA Synchrony  4.56 (1.48) <.01 

EDA Synchrony² -9.63 (3.06) <.01 

 

 

 

Figure 1. Association between peak EXP ratings and clients’ EDA during ImRs, including 

observed data (black points), estimated data (blue lines) and confidence interval (grey regions).   
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Figure 2. Association between peak EXP ratings and client-therapist EDA synchrony 

during ImRs, including observed data (black points), estimated data (blue lines) 

and confidence interval (grey regions).   

7.5 Discussion 

The present study aimed to investigate the association between treatment-related 

physiological arousal, client-therapist physiological synchrony, and the depth of emotional 

processing in the course of ImRs. To our knowledge, this is the first study examining these 

associations as potential mechanisms of change in ImRs. We found a significant linear 

association between the clients’ physiological arousal and emotional processing, and a 

significant quadratic association between client-therapist physiological synchrony and 

emotional processing.  

One aim of the study was to explore the previously unexamined association between 

clients’ physiological arousal and EXP (Klein et al., 1969). We found this association to be 

positive and linear, suggesting that clients’ physiological arousal during ImRs predicts their in-

session engagement in deeper levels of emotional processing. This finding is consistent with
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 prior research documenting a strong impact of mental imagery on physiological activity (Ji et 

al., 2016), and may help account for the affective processes underlying ImRs. Specifically, since 

depth of emotional processing is clearly a primary ingredient of ImRs, the predictive validity 

of physiological arousal for deeper levels of emotional processing may add to the clarification 

of what makes some sessions more effective than others. 

On the backdrop of prior research exploring emotional arousal and outcomes (e.g., 

Carryer & Greenberg, 2010), the finding of a linear and a marginal significant association 

between physiological arousal and emotional processing was somewhat surprising. Whereas 

Carryer and Greenberg (2010) assessed clients’ emotional arousal using external ratings, 

physiological arousal seems to measure a different construct.  

Regarding our second hypothesis, a curvilinear association between client-therapist 

physiological synchrony and clients’ level of EXP was found. Specifically, a moderate-sized 

synchrony between client and therapist significantly predicted higher levels of clients’ EXP. 

Understanding co-regulation as the therapists’ active regulation of the clients’ emotional state 

(Koole & Tschacher, 2016), high client-therapist synchrony (in emotions and attended 

physiology) might lead to co-dysregulation. A good therapist is able to react in an emotional 

stable way to clients’ affects and needs, thus to guide them through the exploration of their 

emotional world. In this respect, too much synchrony appears to be unpropitious; therapists 

would be in the same position like their clients and might lose their capacity for action. 

Therapists then might be emotional overwhelmed and not be able to focus on their client, to 

process clients’ emotional shifts and provide therapeutic needed safety and stability. 

In sum, physiological correlates seem to be involved in ImRs’ processes and they appear 

to be an active ingredient of depth of emotional processing. Clients’ physiological arousal as 

well as client-therapist physiological synchrony predicted clients’ level of emotional 



Study III: Physiological (co-)activation and emotional processing during ImRs 96 

 

processing. Further studies are needed to elaborate the interaction of physiology and emotional 

processing during ImRs to provide greater insight into ImRs’ underlying mechanisms. 

Limitations and Future Directions 

Several limitations of this study are noteworthy. First, our results are based on a 

relatively homogenous sample, which consisted of a population suffering from test anxiety. 

Though our sample showed some diversity in comorbid diagnosis, any conclusions we draw 

based on it remain limited to individuals suffering from this particular anxiety disorder, and 

undergoing this particular treatment protocol. Furthermore, the majority of our clients were 

students, and thus young adults. Additionally, most were female. This too limits the 

generalizability of the present results to other populations. Future studies with different and 

more diverse samples are necessary to ascertain whether our findings are generalizable.  

Another limitation refers to the measurement of emotional processing itself. It is 

important to recognize that the EXP scale solely considers the verbal expressed content of 

emotional processing and might therefore miss important nonverbal aspects of the underlying 

construct. Simultaneous investigations of both verbal and nonverbal intrapersonal processes 

might yield a more holistic and reliable measure of clients’ depth of emotional processing. 

Indeed, some clients may have difficulties articulating their affective experience – but 

nevertheless process profound inner experiences in a nonverbal, and possible less conscious, 

manner. This might be particularly true during ImRs, given its capacity to get to the nonverbal 

content of schematic beliefs (Arntz, 2015b). Thus, our reliance on clients’ verbal expressions 

might obscure other relevant information about the depth of emotional processing.  

Third, as the EXP ratings exclusively refer to the ImRs intervention, we cannot draw 

any conclusion concerning the parts of the protocol derived from cognitive behavioral therapy 

(CBT). As these CBT elements were not specifically targeted at emotions or inner experiences,
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 we reasoned that these elements’ focus on concrete behavior and cognition did not “pull” the 

clients towards substantial emotional processing. Future work could **.  

Conclusion  

This study adds to a growing body of research attempting to unravel how ImRs works. 

Our findings underscore the importance of investigations of psychophysiological processes 

during ImRs to better understand the mechanisms of action underlying it and to identify ways 

of making the technique more effective. Together, they provide the first evidence that 

treatment-related physiological arousal is involved in deeper in-session emotional processing. 

Moreover, they provide new information about intra- and inter-personal physiological arousal 

processes that accompany ImRs and that may contribute to the depth of emotional processing, 

an active ingredient of change.  

Our findings increase confidence that using additional physiological indices of 

emotional processing might yield measures of experiencing that are more precise. In this 

respect, assessing clients EDA might constitute an especially useful mean to provide 

information about nonverbal aspects of emotional processing, since EDA is considered as a 

marker of both conscious and non-conscious cognitive and affective processing (Sequeira et al. 

2009). In cases where verbal communication of subjective emotional experience is not possible, 

EDA measurements could uncover that part of emotional processing that occurs outside of 

conscious awareness. 
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8 GENERAL DISCUSSION 

Mental imagery with and without rescripting can be used in clinical practice to (a) evoke 

emotions, (b) modify the content of dysfunctional thoughts and their associated emotions, and 

(c) associate positive thoughts and emotions with future situations (Ji et al., 2016). Imagery-

based techniques have been consistently linked to positive treatment outcome (e.g. Morina, 

Lancee, & Arntz, 2017; Raabe et al., 2015; Lee & Kwon, 2013; Weertman & Arntz, 2007; 

Brewin et al., 2009). Recently, process research made its way into the investiagtion of imagery-

based techniquesand empirical attempts have been made to gain insight into their underlying 

mechanisms (e.g. Arntz, 2012).  

This dissertation attempts to extend the existing literature on imagery-related mechanisms 

by filling the gaps. For the first time, imagery-based techniques were examined over the course 

of six sessions. The summarized studies were the first to examine the effectiveness of imagery-

based techniques in the treatment of test anxiety, comparing client-therapist physiological 

synchrony in imagery-based and CB components and relating synchrony to multiple process 

measures. 

8.1 Summary of the three studies’ results 

Study I tested the effectiveness of a newly developed six-session treatment protocol for 

test anxiety, which integrates imagery-based and cognitive-behavioral techniques. We 

hypothesized that clients will find the protocol feasible, test anxiety will be significantly 

reduced from pre to post-treatment and the quality of the imagery component will be associated 

with multiple process measures. The results showed high treatment satisfaction and a reduction 

in test anxiety (pre- post treatment: Cohen’s d = 0.84). In addition, the quality of the imagery 

component was significantly associated with higher therapeutic alliance, emotional experience, 

and session evaluation.  
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Study II examined whether client-therapist physiological synchrony, measured by EDA, 

occurs to a greater extent than by chance in both imagery-based and cognitive-behavioral 

components. In addition, it was investigated whether more variance is explained on the dyad 

(between-dyad) or session (within-dyad)-level and whether an association exists between 

dyadic synchrony and therapeutic alliance. As hypothesized, physiological synchrony was 

greater than chance in both conditions. Whereas the between and within levels explained an 

equal amount of variance during cognitive-behavioral components, in the imagery-based 

component, 98.8% of variance occurred on the session-level. In addition, physiological 

synchrony during imagery-based techniques was positively associated with greater therapeutic 

bond. No association was found between physiological synchrony and therapeutic alliance in 

the CB component.  

Study III aimed to investigate the association between physiological arousal, measured 

by EDA, and emotional processing. First, clients’ physiological arousal and emotional 

processing were examined. Second, the relationship between physiological synchrony and 

clients’ emotional processing was tested. Emotional processing was assessed using the 

Experiencing Scale (Klein, Mathieu, Gendlin, & Kiesler, 1969). The results showed a linear 

association between clients’ physiological arousal and emotional processing and a quadratic 

association between client-therapist physiological synchrony and clients’ emotional processing. 

8.2 General conclusions 

The potency of imagery-based techniques in the treatment of test anxiety. The 

results of Study I provided evidence of imagery-based techniques as being acceptable, feasible, 

and useful in the treatment of test anxiety. These findings are in accordance with work by Reiss 

and colleagues (2017), which showed similar effects of ImRs in group therapy for test anxiety. 

However, test anxiety seems to be more than a deficit of study and test taking skills. Early 

distressing experiences seem to play an important role in the development of test anxiety and 

might lead to dysfunctional schemata that affect the client in present, test-related situations. 
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Therefore, the combination of ImRs and cognitive restructuring might be optimally target and 

change the meaning of early distressing experiences.  

Besides the reduction of test anxiety (pre- to post-treatment, as well as on a session-to-

session level), the imagery component was indeed predictive of session process variables 

(session evaluations, experienced emotion, and therapeutic alliance ratings). HLM revealed that 

these associations should be seen as characteristics of the session and not of the client. This 

means that in sessions in which clients reported a strong emotional activation during imagery, 

they were also more likely to rate the therapeutic alliance as high, for example.  

Physiological arousal as an underlying mechanism in ImRs. As previously noted, 

prior research has predominantly focused on memory processes. Given the link between 

memory processes and physiological arousal (Hugdahl, 1996; Bassi & Bozzali, 2015; Critchley 

et al., 2013), it can be assumed that EDA is indeed likely to be a putative mechanism in imagery-

based techniques. Study III addressed this question by examining the association between 

clients’ EDA and emotional processing during the course of treatment. The results suggest that 

increases in clients’ EDA are tied to deeper emotional processing. Our findings are in line with 

prior research demonstrating that mental imagery has a strong impact on physiological arousal 

(Ji et al., 2016). The present study extends prior work by applying physiological measures 

within the context of ImRs. Higher levels of emotional processing require that feelings are 

vividly present and relived, emotions and their associated bodily responses must be experienced 

by the client (Carryer & Greenberg, 2010). Our findings parallel this notion and further indicate 

that clients’ physiological arousal can be seen as a prognostic indicator of the level to which 

clients attend to their inner experiences.  

Physiological synchrony as a potential mechanism of change during imagery-based 

techniques. Studies II and III shifted the focus from intrapersonal to interpersonal processes 

and investigated client-therapist physiological synchrony as a putative mechanism of change. 
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Study II addressed this question by examining the appearance of such synchrony. Physiological 

synchrony was greater than a surrogate dataset in both imagery-based and cognitive behavioral 

components. This finding may reflect that in therapy, client and therapist tend to experience 

concomitant emotional activation. Further, Study II demonstrated that the variability of 

physiological synchrony differed between the two components (imagery-based and cognitive-

behavioral). While synchrony varied on the session-level only within the imagery-based 

components, it showed variability on both levels (session and dyad) within the cognitive-

behavioral components. These findings imply that physiological synchrony in imagery-based 

techniques seems to be a characteristic of the session and not the dyad. Therefore, we can expect 

that dyads’ synchrony in sessions is associated with other session-level characteristics (e.g. 

therapeutic bond).  

Moreover, these session-level effects were found in Study II; although physiological 

synchrony predicted therapeutic bond in the imagery-based components only and not in the 

cognitive-behavioral components. As a result of the low-to-absent variability on the dyad-level, 

only session-level associations was analyzed. Clients seemed to benefit from physiological 

synchrony with their therapists more during emotion-evoking components. The assumption can 

be made that therapists are more attuned in these sessions and therefore have a greater ability 

to synchronize with their clients. This may lead to a deeper understanding of the clients’ needs 

and better equip the therapist to support the client in processing and regulating their distress.  

Study III highlighted the importance of client-therapist physiological synchrony with a 

specific focus on ImRs. The results suggest that client-therapist physiological synchrony 

predicts clients’ level of emotional processing, whereby a medium level of synchrony was 

associated with highest level of client emotional processing.  

Understanding co-regulation as the therapists’ active regulation of the clients’ 

emotional state (Koole & Tschacher, 2016), high client-therapist synchrony (in emotions and



General discussion  109 

 

 attended physiology) might lead to co-dysregulation. A good therapist is able to react to clients’ 

affects and needs in an emotionally stable way, thus guiding them through the exploration of 

their emotional world. In this respect, too much synchrony appears to be unpropitious, as 

therapists would be in the same position as their clients and might lose their capacity for action. 

Therapists could potentially become emotionally overwhelmed and not be able to focus on their 

client, to process clients’ emotional shifts and provide the necessary safety and stability. 

8.3 Strengths, limitations, and future directions 

Given the generally preliminary nature of this research field, there are several gaps to fill. 

Firstly, several studies have been conducted with the aim of investigating underlying 

mechanisms in an experimental setting in non-clinical populations, which limits the 

generalization of the results. Secondly, the majority of studies in routine care have relied on a 

single intervention (one session) and therefore do not allow the differentiation of between-dyad 

(dyad-level) from within-dyad (session-level) effects. In addition, prior research has mainly 

focused on memory processes and neglected autonomic responses. This likely leads to a one-

sided interpretation of potential mechanisms. While intrapersonal processes may be one 

mechanism of change, a better understanding of how imagery-based techniques work might 

additionally be achieved by examining interpersonal or dyadic associations. However, such 

associations have not been tested to date. 

A general limitation of Studies I and II is the relatively small sample size, which limits 

the power to detect smaller treatment effects. Both studies are based on the same sample 

(N=31). However, the repeated assessments at baseline and during treatment partially remedied 

this issue. In addition, no structural diagnostic interview took place in Studies I and II. 

Therefore, the diagnostic profiles of the clients remain unknown. To remedy this limitation, the 

results of Study III are based on a larger sample size (N=49) and a structural diagnostic 

interview (Mini-International Neuropsychiatric Interview 5.0.0; Ackenheil, Stotz-Ingenlath, 

Dietz-Bauer, & Vossen, 1999) was conducted. Nevertheless, in all three studies, the majority 
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of clients were female students, which also limits the generalizability of the results. Another 

limitation of Study I were the varying semester schedules. Some of the clients did not have an 

exam at the end of the post-treatment assessment while others completed the last exam before 

treatment was completed. At the German site, an additional post-exam assessment was collected 

individually after each client’s last exam. With regard to the high variability of the time lags (2 

days till 2 month) and the large number of missings in the data, this procedure was deemed less 

favorable than uniform assessments with a fixed schedule. When the additional individual post-

exam assessments were analyzed, no further reduction of test anxiety was found significant 

(t(22)=1.73, p=.098, d=−0.39). This non-significant finding might indicate that the significant 

pre- to post-treatment results are rather related to the treatment than to the exam.  

The main limitation of Study II relates to the different hardware systems used to record 

EDA at the two sites. However, both systems were well established, valid, and reliable. 

Importantly, each client-therapist dyad was assessed using the same system and synchrony was 

quantified using the same analytic strategies. It must be noted that a common procedure to 

quantify synchrony does not yet exist. Previous research findings have demonstrated that the 

method used to quantify synchrony dramatically alters the results (Schoenherr et al. 2019). 

Therefore, several researchers have emphasized the use of established empirical standards 

(Kleinbub, 2017; Palumbo et al., 2018).   

Concerning Study III, the operationalization of emotional processing using the EXP scale 

(Klein et al., 1969) can be discussed. The EXP scale solely accounts for the verbalization of the 

client, nonverbal expressed content is neglected. Future studies might accomplish a more 

holistic and reliable measurement by simultaneously assessments of both verbal and nonverbal 

parts. For some clients it might be challenging to articulate their inner experience, they still 

express them at a nonverbal level. This seems to be relevant for ImRs, which reaches the 

nonverbal content of schematic beliefs (Arntz, 2014).
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8.4 Concluding remarks 

The findings of this dissertation provide evidence for the effectiveness of imagery-based 

techniques in the treatment of test anxiety, and explore both intrapersonal and interpersonal 

mechanisms that may underlie its effectiveness for the first time. The results highlight the great 

promise of examining physiological processes in psychotherapy research.  In psychotherapy, 

the predimonantly used self-report measures suffer from specific disadvantages (e.g. social 

desirability, exaggeration, retrospection). Physiological indices yield real-time measures of 

emotional processing that are more precise and able to capture nonverbal and even unconscious 

processes. In addition, prior research has given the role of the therapist in psychotherapy 

inadequate attention. Interpersonal processes, more precisely physiological synchrony, is a 

putative mechanism of change in imagery with and without rescripting by affecting the 

therapeutic bond as well as clients’ emotional processing.  
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