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1 Abstract

While habituation is a potential mechanism of action in exposure therapy, its
explanatory value is limited. Contemporary perspectives emphasize the importance of
expectancy violations in the context of exposure. Since the early conceptualization of fear
generation and maintenance, expectation violation has been a focus, as demonstrated by
Rachman’s (1994) match-mismatch model. The match-mismatch model (Rachman, 1994)
explores the discrepancy between expected fear and experienced fear, proposing that fearful
individuals often overpredict the level of fear they expect to experience in a threatening
situation. This overprediction bias might foster the development of anticipatory anxiety,
avoidance behaviour, and safety behaviour, which in turn impedes the disconfirmation of feared
outcomes (Hilleke et al., 2021). Despite the conceptual relevance of expectancies, there is a
shortage of empirical studies examining their role within therapeutic treatments.

Working within the framework of the match-mismatch model (Rachman, 1994), the first
article of this dissertation presents a systematic review of research examining the impact of
expectancies. An analysis of 50 studies predominantly affirms the core assumptions of the
match-mismatch theory. Most studies validate the existence of an overprediction bias in
subclinical fears and anxiety disorders, coupled with a trend of reduction in both expected and
experienced anxiety levels through repeated exposures. Predictions of fear improved with
repeated exposure. Some findings suggest that greater accuracy in fear prediction correlates
with a concurrent reduction in experienced fear. This hypothesis was subsequently tested in the
empirical study, which was conducted within a clinical population.

Again within the framework of Rachman’s (1994) match-mismatch model, the second
article of this dissertation examines the role of violating expected and experienced fear as well
as the effects of safety behaviour during in vivo exposure to panic disorder with agoraphobia.
A total of 268 patients meeting DSM-IV criteria for panic disorder with agoraphobia
participated in a manual-based cognitive behaviour therapy within the framework of a
randomized multicentre study. Our findings revealed a tendency among participants to
overpredict fear during exposure. However, contrary to expectations, the accuracy of fear
predictions did not improve with practice. Moreover, the accuracy of predictions was not related
to therapy outcome. Interestingly, the presence of safety behaviours did not yield significant
effects on fear assessments. This study’s result argues against the expectancy violation
approach.

Taken together, the systematic review demonstrated evidence of overprediction,
reductions in both expected and experienced fear, and increasing accuracy in fear predictions.
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The second study confirmed the overprediction bias but did not find a correlation between
improvements in fear prediction and treatment outcomes. Implications for future research and

clinical practice are presented in a general discussion.



2 Introduction

Cognitive behavioural therapy is widely recognized as the most empirically supported
treatment modality for panic disorder with and without agoraphobia (Bakker et al., 1998; Mitte,
2005; Ruhmland & Margraf, 2001; Heinrichs et al., 2009; Alpers, 2010; Kiropoulos et al., 2008;
Lang et al., 2009). Exposure plays a fundamental role as a treatment component within the
cognitive behavioural therapy framework. Repeated exposure exercises have emerged as an
effective treatment component for panic disorder and agoraphobia (Hofmann & Smits, 2008;
Olatunji et al., 2010; Sanchez-Meca et al., 2010). However, despite the demonstrated efficacy
of this therapeutic approach, its fundamental mechanism of action remains unclear and is
subject to ongoing discussion (Carey, 2011; Craske et al., 2014).

The role of habituation as a potential mechanism of action in exposure has been
extensively examined, yet its explanatory power is surprisingly limited (Craske et al., 2014).
Exposure effectiveness is often attributed to the activation of the fear system and the facilitation
of subsequent habituation processes (Craske et al., 2008). Indeed, some studies indicate a
correlation between initial fear activation or within-session habituation and treatment outcomes
(e.g., Crits-Christoph et al., 2013; Rupp et al., 2016). While Craske et al. (2008) concluded that
the evidence for this relationship is limited and mixed, safety and avoidance behaviours during
exposure are also subject to ongoing debate (Parrish et al., 2008). Due to conflicting study
results regarding safety behaviour, therapy manuals advocate contrasting treatment rationales
(e.g., Schmidt-Traub, 2008; Schneider & Margraf, 1998).

Contemporary models increasingly emphasize the role of expectancy violation in the
efficacy of exposure therapy (Craske et al., 2008; Craske et al., 2014; Rescorla & Wagner,
1972). Craske et al. (2008) proposed, within the framework of the inhibitory model, that the
extinction of fear in exposure therapy occurs when an anticipated aversive outcome fails to
occur during exposure. Here, the fear reduction deals with habituation and the learning of new
associations that inhibit previously conditioned fear responses. More specifically, a conditioned
response to a feared stimulus is weakened through repeated disconfirmation of the expected
unconditioned threat.

Interestingly, expectancy violation was considered in early conceptualizations of fear
development and maintenance, as evidenced by the match-mismatch model (Rachman, 1994),
which examines expected and experienced fear. Stanley Rachman’s (1994) model assumes that
fearful individuals likely overpredict the fear they will experience in a threatening situation.

This overprediction bias might contribute to the development of anticipatory anxiety, safety



behaviours, and avoidance behaviours, thereby impeding the disconfirmation of feared
outcomes (Hilleke et al., 2021).

Several studies have confirmed the match-mismatch model of fear in the context of
panic disorder and agoraphobia (Rachman et al., 1988; van Hout & Emmelkamp, 1994; Lavy
et al., 1990; Schmidt et al., 1994). According to the match-mismatch model, the success of
exposure treatment may not be solely dependent on repeated exposure. Instead, exposure should
support individuals in recognizing a dissonance between their expectations and the actual
outcomes of the exposure exercise.

Following a contemporary overview of panic disorder and agoraphobia, this
dissertation’s introduction explores the ongoing discussion regarding the mechanisms
underlying exposure procedures. For this purpose, the section first outlines the mechanisms of
action, limits of habituation, and current recommendations for implementing exposure
procedures. Subsequently, newer cognitive theories and corresponding changes in their
practical implementation are presented. The introduction closes with a presentation of the

research questions.



3 Theoretical Background

3.1 Diagnostic Criteria, Prevalence, and Comorbidity of Panic Disorder and
Agoraphobia

Panic disorder and agoraphobia are prevalent clinical disorders within the general population
(Wittchen et al., 2010), and they are frequently present as comorbid conditions (Lang et al.,
2018). The diagnostic criteria for panic disorder and agoraphobia are described below.

Following the Diagnostic and Statistical Manual IV (DSM-IV, American Psychiatric
Association, 1994), panic disorder is defined by recurrent panic attacks, which are abrupt
episodes of intense fear that reach their peak within ten minutes. Panic attacks are characterized
by at least four accompanying symptoms, such as sweating, trembling, shortness of breath, and
dizziness, among others. Furthermore, the individual must experience a persistent
preoccupation with a noticeable change in behaviour for at least one month following the panic
attack. Agoraphobia is characterized by an intense fear associated with specific situations,
including public transport, open spaces, enclosed spaces, crowds, or being alone outside the
home. In these settings, the fear of experiencing a panic attack is an underlying concern that
makes it difficult for the individual to escape the situation. Consequently, entering such
situations triggers a fear response, prompting the individual to avoid them altogether or to
engage only when accompanied by others (American Psychiatric Association, 1994).

Research suggests that the onset of panic disorder commonly occurs between the ages
of 20 and 30 (e.g., Kessler et al., 2006; Weissman et al., 1997). In women, incidence rates of
panic disorder increase from age 10 to age 28 (e.g., Isensee et al., 2003). Burke et al. (1991)
observed a bimodal age distribution in men, with the second incidence peak occurring in the
40s. In addition, findings from various studies show that agoraphobia without panic disorder
often emerges earlier than panic disorder, with an average onset of 14 for girls and 16 for boys
(Wittchen et al., 2008). Bienvenu et al. (2006) replicate these observations, indicating a higher
incidence rate during adolescence than in later life stages.

The epidemiological catchment area (ECA) study conducted by Regier et al. (1990)
estimated a lifetime prevalence of 1.6% for panic disorder and 5.2% for agoraphobia. In
contrast, the National Comorbidity Survey Replication (NCS-R) led by Kessler et al. (2006)
reported a lifetime prevalence of 3.7% for panic disorder without agoraphobia and 1.1% for
panic disorder with agoraphobia. Additionally, the overall lifetime prevalence of panic attacks
was reported to be 22.7%. A comprehensive review of the epidemiology of panic disorder and
agoraphobia by Goodwin et al. (2005) reported a 12-month prevalence of 1.8% for panic
disorder and 1.3% for agoraphobia without a history of panic. Wittchen and Jacobi (2005)
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reported a 12-month prevalence of 3% for panic disorder in women and 1.7% in men, while
agoraphobia affected 3.1% of women and 1% of men.

Goodwin et al. (2005) and Kessler et al. (2006) indicate that panic disorder rarely occurs
in isolation in lifetime diagnoses. Several studies report frequent comorbidities with other
mental disorders. Faravelli et al. (2004) found that depressive disorders, other anxiety disorders,
and substance use disorders frequently co-occur with panic disorder. Similarly, Goodwin et al.
(2004) identified a correlation between panic attacks and other anxiety disorders, substance use
disorders, and somatoform disorders. Katerndahl and Realini (1997, 1999) further suggest that
comorbid disorders may precede the onset of panic disorder. Finally, Goodwin et al. (2005)
also reported an association between panic disorder and a higher incidence of physical illnesses

(e.g., cardiovascular disease).

3.2 Models of the Development and Maintenance of Panic Disorder and Agoraphobia

The origins of anxiety were initially examined exclusively from a biological
perspective. However, from the 1960s onward, a novel theoretical framework emerged,
encompassing biological factors, biopsychological theories, cognitive models, conditioning
theories, and the vulnerability stress model. The section outlines one of the most influential
contemporary models.

In this integrative model of panic and agoraphobia, three categories of influence are
recognized: predisposing vulnerabilities, triggering events, and maintaining mechanisms (e.g.,
Bouton et al., 2001). This model posits that general psychological characteristics, such as low
tolerance for distressing sensations, heightened anxiety sensitivity, and certain cognitive styles,
as well as biological susceptibility stemming, for example, from genetic vulnerability and
temperament, interact with life stressors associated with panic symptoms. For example, in a
study of patients with panic disorder, 80% reported experiencing negative life events, such as
separation, loss experiences, and relationship problems, prior to their first attack (Doctor, 1982;
Uhde et al., 1985; Barlow et al., 1984). These findings suggest that individuals experiencing
panic attacks have elevated stress levels. In response to such stress, the body manifests physical
symptoms, such as increased heart rate. The perceived threat of these symptoms triggers a
bodily alarm reaction known as an initial panic attack, which activates the hypothalamic-
pituitary-adrenal axis, and results in additional physiological symptoms such as increased
respiratory rate, elevated heart rate, and heightened sweating. The pairing of unexpected alarm
reactions with catastrophic thoughts leads individuals to perceive bodily symptoms as life-
threatening. Through classical conditioning, these bodily symptoms become conditioned

stimuli that subsequently provoke further panic attacks. This learning process contributes to the
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persistence and chronicity of the disorder. Over time, patients may develop interoceptive
awareness (e.g., increased awareness of their heartbeat), avoid activities that elicit physical
symptoms (e.g., exercise, caffeine consumption, stair climbing), and show a general increase in
physiological arousal.

As indicated in Section 3.1, the development of agoraphobia often follows panic
disorder. Individuals who meet the diagnostic criteria for agoraphobia often report avoiding
specific locations due to fear of experiencing a panic attack. Over time, this avoidance
behaviour not only reinforces but also contributes to prolonged physiological arousal and a
persistent perception of threat in the situations being avoided.

Cognitive behavioural therapy provides various approaches for treating panic disorders
and agoraphobia. Beyond interventions targeting cognitive and behavioural aspects, addressing
physical symptoms is a crucial element of the therapy. The therapeutic objectives are to
facilitate new stimulus-response associations, cognitive restructuring, and improved
understanding as well as tolerance of psychophysiological processes. The following section
outlines the essential components of cognitive-behavioural therapy for treating panic disorders

with agoraphobia.

3.3 Cognitive Behavioural Therapy in the Treatment of Panic Disorder with
Agoraphobia

Cognitive behavioural therapy has consistently been found to be the most effective
treatment for panic disorder with and without agoraphobia (Bakker et al., 1998; Mitte, 2005;
Ruhmland & Margraf, 2001; Heinrichs et al., 2009; Alpers, 2010; Kiropoulos et al., 2008; Lang
et al., 2009). Lang et al. (2009) note that cognitive-behavioural therapy typically includes
treatment components such as psychoeducation, interoceptive exposure (IE), in vivo exposure,
and cognitive therapy. Notably, agoraphobic avoidance has been identified as an important
treatment target (Lang et al., 2009). Given the established effectiveness of this therapeutic
component, prioritizing in vivo exposure as a core focus of treatment has been widely suggested
(Heinrichs et al., 2009). This section outlines the treatment components of panic disorder and
agoraphobia therapy based on the S3 guideline (Bandelow et al., 2021).

Psychoeducation aims to provide a better understanding of the disorder. Patients receive
detailed information about common fears and physical symptoms associated with anxiety.
Anxiety is described as a protective mechanism that initiates the fight-or-flight response in
situations of imminent danger and is distinguished from pathological anxiety. Psychoeducation
uses a vicious cycle model to explain the development and perpetuation of anxiety states. An

important next step is to explain how safety and avoidance behaviours contribute to the
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maintenance of anxiety disorders. Avoidance behaviour refers to the complete evasion of
anxiety-provoking situations (e.g., refraining from using public transport). In contrast, safety
behaviour includes strategies intended to reduce perceived danger (e.g., carrying medication,
scanning for exits). Establishing therapy goals completes the segment on psychoeducation
component.

Once the patient has understood the disorder model, the next phase of treatment involves
interoceptive exposure, which aims to reduce fear of bodily symptoms. This involves
intentionally inducing bodily symptoms through various exercises, such as spinning around or
viewing dizziness-related images, without allowing the patient to resort to avoidance and safety
behaviours. The deliberate triggering of symptoms enables the patient to realize that the
symptoms do not yield the anticipated negative consequences, such as a heart attack. In
addition, the regular repetition of these exercises aims to foster habituation to the body’s
symptoms, thereby rendering them less frightening over time. This framework encourages
patients to refrain from previously relied-upon safety behaviours.

In vivo exposure is particularly effective in addressing agoraphobia. However, before
starting this intervention, cognitive preparation is crucial to minimize therapy dropout. This
phase involves delineating realistic anxiety scenarios after disorder model has been explained.
Efficient preparation is essential for upcoming exposure sessions, and covers aspects such as
stress management during exposure, therapeutic collaboration, and the promotion of
independent implementation.

While exposure aims to reduce anxiety in specific situations through repeated
confrontation, the elimination of avoidance and safety behaviours requires their active
prevention during exposure. This is achieved by directly facing the fear-inducing situation. A
situational hierarchy is collaboratively developed with the patient beforehand. In this regard,
the exposure exercise is considered complete when the patient’s anxiety has significantly
reduced and the urge to escape is no longer present. It is recommended to repeat exposure
sessions and to document each one.

Relapse prevention is the final pivotal component in treating panic disorder with
agoraphobia. During this phase, the patient is informed about effective coping strategies for
situations that pose a risk of relapse. The discussion address strategies for managing recurrent
symptoms as well as lingering symptomatology. Emphasis is placed on stabilizing and
transferring the achievements from previous therapy sessions, which is the most effective

means of preventing relapses.
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3.4 Mechanisms of Action of Exposure Therapy and Limitation of Habituation

This section discusses the mechanisms and limitations associated with exposure. As
previously noted, exposure plays a central role in the cognitive treatment of panic disorder and
agoraphobia; however, the precise mechanism underlying exposure remains a topic of debate
(Carey, 2011). The theoretical foundation of exposure therapy, particularly its focus on
habituation, is based on Foa and Kozak’s (1986) network theory of emotional processing.
According to this theory, exposure can modify the semantic structure of fear networks in which
phobic stimuli and fear responses are represented. This process involves the integration of new,
disconfirming information, leading to a reduction in fear responses. Foa and Kozak (1986)
identified three key factors in this process: activation of the fear network, within-session
habituation, and between-session habituation.

While some studies validate the link between habituation and a favourable therapy
outcome, findings remain inconsistent. Rupp et al. (2016) found no evidence of a correlation
between fear activation and therapeutic outcome. Craske et al. (2008) also found no correlation
between initial fear activation, habituation within a session, and therapy outcome. Conversely,
Crits-Christoph et al. (2013) identified significant correlations among fear activation,
habituation, and therapy outcome. These discrepancies highlight the difficulty of drawing
definitive conclusions about the role of habituation.

Moreover, several clinical phenomena cannot be fully explained by habituation alone.
These include the reduction of anxiety during exposure therapy (Arch & Craske, 2009), the
return of fear (e.g., Craske & Rachman, 1986; Craske & Mystkowski, 2006; Brown & Barlow,
1995; Fava et al., 2001), and the limited ability of extinction focused treatment studies to predict
long-term outcomes (Plendl & Wotjak, 2010; Prenoveau et al., 2013; Rescorla, 2006; Baker et
al., 2010; Culver et al., 2012; Kircanski et al., 2012). These observations raise the question of
whether alternative or additional mechanisms may be responsible for the therapeutic effect of
exposure. It is possible that mechanisms beyond habituation, such as expectancy violation,
cognitive change, or inhibitory learning, play a more significant or more enduring role in
reducing anxiety symptoms over time.

3.5 Current Recommendations for the Implementation of Exposure Therapy

As previously outlined in the explanation of exposure and prevention therapy (EPT), the
importance of activating fear during treatment has been emphasized. Craske et al. (2008)
demonstrated that a certain level of fear activation predicts treatment success. For example, a
moderate level of fear activation has been deemed most favourable for achieving successful

treatment outcomes (Meuret et al. 2012). Moreover, exposure should reduce anxiety within the
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exposure session and through its repetitive application. Lang (2012) found that habituation
between exposure sessions correlates with therapy outcomes. Repeated exposure exercises are
recommended to strengthen the consolidation and retrieval of newly learned associations. In
this context, Lang et al. (2012) found that patients who participated in multiple repeated
exposure sessions achieved better outcomes.

Exposure treatment should be systematically structured to identify and test the patient’s
fears. In this regard, Salkovkis et al. (1999) demonstrated the effectiveness of using behavioural
experiments to test expectations in the treatment of panic disorder and agoraphobia. The role
of safety behaviours has also been a subject of ongoing discussion. Studies indicate that using
safety behaviours induces less favourable treatment outcomes compared to when individuals
abstain from such behaviours (Salkovskis et al., 1999; Salkovskis et al., 2006; Powers et al.,
2004). However, some studies have reported contradictory findings (e.g., Penfold & Page,
1999; Oliver & Page, 2008; Sartory et al., 1989). Nonetheless, current recommendations advise
that patients refrain from using safety behaviours during exposure sessions.

It is also recommended that exposure sessions be conducted across varied contexts.
Research has shown that varying contexts reduce the risk of relapse into anxiety (Mystkowski
et al., 2003). Shiban et al. (2013) found in a study of individuals with spider phobia that
exposure to spiders in multiple contexts significantly decreased the recurrence of fear compared

to exposure in only a single context.

3.6 Newer Approaches to Explaining the Mechanisms of Action in Exposure Therapy

Recent perspectives further highlight the importance of expectation violation within
exposure therapy (Craske et al., 2008; Craske et al., 2014; Rescorla & Wagner, 1972). Craske
et al. (2008), based on inhibitory learning, argue that fear extinction in exposure therapy occurs
when an expected aversive event does not occur. According to Craske et. al (2008) patients
must therefore experience the feared situation as less threatening than anticipated and repeat
this process until their predictions align with the experienced level of fear, so that their fear
responses becomes more predictable.

Further studies underscore that the way in which exposure is conceptualized and
communicated significantly impacts therapy outcomes. In Salkovskis et al. (2006) exposure
therapy groups were divided into two groups: one focused on the habituation process and
another on disconfirming catastrophic thoughts and avoiding safety behaviours. The exposure
group that emphasized disconfirmation of catastrophic fears and safety behaviours
outperformed the group that focused on habituation. Here, refraining from safety behaviours is

essential because it is the only means to accurately test catastrophic thoughts (Salkovskis, et al.,
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1996; Salkovskis, et al., 1999). Integrating corrective information that contradicts existing
anxiety structures appears to be a core element of exposure therapy.

The inhibitory learning model of exposure therapy (Craske et al., 2014, 2018, 2022),
based on the principles of fear conditioning and extinction learning (Bouton, 1993; Miller &
Matzel, 1988; Wagner, 1981), views pathological fear as a conditioned response to a
conditioned stimulus, formed through its association with an expected unconditioned threat. In
panic disorder, for example, panic attacks are believed to occur when interoceptive stimuli
become linked with a perceived threat (Bouton et al., 2001; Barlow, 2002). Craske et al. (2008)
proposed that significant fear reduction in exposure therapy is likely to occur when there is a
discrepancy between anticipated and actual outcomes, particularly when patients realize that
the anticipated threat does not occur.

Similarly, the match-mismatch model (Rachman, 1994) proposes that fearful
individuals often overpredict the level of fear they will experience in a threatening situation
(see also Rachman (1994) and Hilleke et al. (2021)). Rachman’s (1994) original match-
mismatch model comprises six hypotheses: 1) Fearful individuals tend to overpredict the
intensity of fear they will experience in a threatening situation (overprediction bias). 2) The
accuracy of fear prediction increases with practice. 3) If the predicted fear exceeds the
experienced fear, subsequent fear predictions decrease. 4) If the experienced fear exceeds the
predicted fear (underprediction of fear), subsequent fear predictions increase. 5) If the predicted
and experienced fear match, fear predictions remain unchanged. 6) The experienced fear
decreases with repeated exposure, regardless of the accuracy of previous predictions. Several
studies have empirically validated the match-mismatch model of fear in panic disorder and
agoraphobia (Rachman et al., 1988; van Hout & Emmelkamp, 1994; Lavy et al., 1990; Schmidt
etal., 1994).

An additional factor to consider is the potential influence of both avoidance and safety
behaviours. Craske et al. (2008) suggest that distraction interferes with expectation change,
resulting in minimal or no new learning. Supporting this view, several studies have shown that
overpredicted fear often leads to avoidance behaviour (e.g., Cox & Swinson, 1994; Craske &
Barlow, 1988; Telch et al., 1989). Avoidance prevents individuals from realizing that their fear
was overestimated (Craske et al., 1988). Consequently, avoidance may exacerbate the
overprediction bias, as no correction of predicted fear occurs. Distraction, as a form of safety
behaviour, is particularly problematic because it reduces awareness of the conditioned stimulus
(CS) and its non-contingency with an unconditioned stimulus (US). To promote corrective

learning, expectations should be directly violated through exposure conditions that maximize
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expectation violation (see Craske et al., 2014). This expectancy-refutation approach warrants

further empirical investigation.

3.7 Further Need for Research on Expectation Refutation

To advance further research on expectancy change in anxiety treatment, the first
necessary step is to review the existing literature and findings. In particular, such investigations
should assess whether a correlation exists between fears, expectations, and the accuracy of fear
prediction. In addition, they should explore whether there are potential implications for
therapeutic outcomes.

Future clinical research should examine the role of expectancy change during in vivo
exposure across various anxiety-related clinical populations. As mentioned in Section 3.3, the
effectiveness of exposure treatments has been well documented in the context of panic disorder
and agoraphobia. Currently, empirical data on expectancy processes in these disorders remain
scarce.

A frequently supported hypothesis is that individuals with anxiety tend to overpredict
their fear in threatening situations (see Hilleke et al., 2021). This hypothesis should be examined
in panic disorder and agoraphobia. In a next step, studies should investigate how the
overprediction of fear develops over time in each individual considering whether prediction
accuracy increases with repeated exposure and whether it influences therapeutic outcomes. As
safety and avoidance behaviours may negatively impact exposure therapy, their influence
should be monitored throughout the exposure sessions. Future research should also explore how
expectation accuracy, its development, and the reduction of safety and avoidance behaviours

jointly contribute to lasting therapeutic change.
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4 Questions and Methods

4.1 Derivation of the Questions

This thesis examines the role of expectancy in exposure therapy, drawing upon the
match-mismatch model proposed by Rachman (1994). In summary, this model, which has
previously been tested in various subclinical anxieties and anxiety disorders, examines the role
of expectancy in overprediction bias and whether repeated exposure increases the accuracy of
expected and experienced fear. As empirical evidence regarding the match-mismatch model is
lacking in clinical samples, further research is needed to determine its validity. This thesis

presents two studies that address this gap.

The first study is a comprehensive review that describes and summarizes the current
scientific findings regarding the match-mismatch model, focusing on pathological and semi-
pathological fears. In particular, it explores the influence of prediction on therapy outcomes as
an additional research question. This review serves as the theoretical foundation for subsequent

empirical investigation, which is conducted in study two.

The second study empirically tests the match-mismatch model in a clinical sample of
patients with panic disorder with agoraphobia. It examines the overprediction bias and the
accuracy of predicted and experienced fear. Given the limited data on therapy outcomes, one
hypothesis investigates whether the accuracy of fear predictions influences therapy outcomes.
Empirical evidence shows that safety behaviour negatively impacts exposure therapy results.

Thus, this study also investigates whether safety behaviour influences prediction accuracy.
Within this context, the following main research questions are posed:
1) Do individuals with anxiety expect higher levels of anxiety?
2) Does the accuracy of anxiety prediction change with repeated exposure exercises?
3) Does the accuracy of anxiety prediction influence therapy outcomes?

4.2 Methods

The initial phase of the survey involved compiling current empirical findings on the
hypotheses of Rachman’s match-mismatch model, focusing on pathological and semi-
pathological fears. These results were subsequently documented, evaluated, and discussed. To
answer the research questions, a multicentre study was conducted. This study is described in

the following section.
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4.2.1 Study 1: Match or mismatch? The impact of expected fear on experienced fear during
exposure

This study was published under the following reference:

Hilleke, M., Lang, T., & Helbig-Lang, S. (2021). Match or mismatch? The impact of expected
fear on experienced fear during exposure. Clinical Psychology: Science and Practice, 28(2),
148-160. https://doi.org/10.1037/cps0000005

Abstract

Expectancies are assumed to play an essential role in the maintenance and treatment of anxiety
disorders. The present review aimed to systematically summarize studies examining the effects
of expectancies as suggested by the match-mismatch model of fear (Rachman, 1994). A total
of 50 articles were included. The findings largely supported core assumptions of the match-
mismatch theory. The majority of studies verified the existence of an overprediction bias in
anxiety disorders and a reduction of both expected and actually experienced level of fear with
repeated exposures. There was some evidence, that an increasingly accurate prediction of fear
was associated with reductions in experienced fear. New research directions and clinical

implications are proposed to further develop treatment strategies for anxiety disorders.
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In the first study, the theoretical foundations of Rachman’s match-mismatch model were
examined and an overview of existing empirical findings on the model in subclinical anxiety
and anxiety disorders was provided. The review results showed that most findings supported
the model’s assumptions. However, some studies contradicted or partially confirmed its

hypothesis.

The literature review revealed that many of the existing studies are relatively outdated.
This raises concerns about their findings being influenced by obsolete experimental designs or
the potential neglect of important influencing factors, which could limit the validity and
interpretability of previous findings.

Research on the match-mismatch model using clinical samples is limited. This gap
makes it difficult to evaluate the model’s relevance in clinical practice and the role of fear

prediction in exposure therapy.

Against this background, the second study of this thesis utilizes the findings of the first
study, while aiming to test the hypotheses of the match-mismatch model using a clinical sample.
Specifically, this study investigates patients with panic disorder with agoraphobia using a

structured manual-based therapy approach.
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4.2.2 Study 2: How do patients’ fear prediction and fear experience impact exposure-based
therapy for panic disorder with agoraphobia? A comprehensive analysis of fear prediction.

This study was published under the following reference:

Hilleke, M., Lang, T., Helbig-Lang, S., Alpers, G.W., Arolt, V., Deckert, J., Fydrich, T., Hamm,
A.O., Kircher, T., Richter, J., Strohle, A., Wittchen, H.-U., & Gerlach, A.L. (2025). How do
patients’ fear prediction and fear experience impact exposure-based therapy for panic disorder
with agoraphobia? A comprehensive analysis of fear prediction. Depression and Anxiety, 2025,
Article 6963860. https://doi.org/10.1155/da/6963860

Abstract

Expectancy violation has been proposed as a potential core mechanism of action in
psychotherapy, particularly in exposure therapy for anxiety disorders. However, various
relevant expectations have been discussed, and empirical studies examining their significance
are still scarce. This study aimed to investigate one specific form of expectancy violation, based
on Rachman's (1994) match-mismatch model, specifically by comparing expected and
experienced fear and examining their relationship to safety behaviour during exposure in vivo
in 268 patients meeting DSM-1V criteria for panic disorder with agoraphobia. Participants
underwent exposure to a highly controlled manual-based cognitive behaviour therapy in a
randomized multicentre psychotherapy study. Participants tended to overpredict fear during
exposure. Both expected and experienced fear significantly decreased over the course of
repeated exposure exercises, while prediction (in-)accuracy (difference between expected and
experienced fear) remained stable. The decrease in expected fear over time was a strong
predictor of treatment outcomes for the BSQ and PAS at post. Even more, the reduction in
expected fear was a significant predictor of treatment success across all outcome measures in
the follow-up assessment. These findings suggest that violating excessive fear expectancies is

not a necessary condition for symptom reduction during exposure therapy.
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5 Conclusions

5.1 Main Findings From the Two Publications

The systematic review and the empirical study presented above addressed three research
questions: the examination of a possible overprediction bias, the role of fear prediction during
the therapeutic process and whether expectation violation, as per the match-mismatch model
influences therapy outcomes.

The systematic review found that most studies confirmed an overprediction bias in
clinical and subclinical fears and reported an improvement in prediction accuracy. In addition,
the evidence suggests that more accurate fear prediction is associated with reductions in
experienced fear. Given the evidence of the influence of expected fear on therapy outcomes and
the observed changes in expected fear, the second study explored these hypotheses within a
clinical sample. The clinical study revealed that in a threatening situation, individuals with
anxiety overestimated the expected fear during their initial exposure session. Contrary to
expectations, prediction accuracy did not improve with practice, nor did changes in prediction
influence treatment outcomes. However, the changes in both expected and experienced fear
were significantly related to treatment outcomes. Moreover, there was no discernible
relationship between the use of safety behaviours and prediction accuracy. These results suggest
that reducing fear expectations may not be crucial for symptom improvement during exposure
therapy. Nonetheless, future studies should test this model with additional clinical samples

including various anxiety disorders.

5.2 Theoretical and Empirical Integration of Findings

First, the findings partially support Rachman’s (1994) match-mismatch model,
confirming an overprediction bias in both the reviewed studies and the clinical study. This bias
is particularly pronounced in anxious individuals, aligning with Davey’s (1992) theory that such
individuals maintain negative expectations before encountering fear-relevant stimuli. The
review reveals that a consistent overprediction bias in anxious individuals gradually diminishes
with repeated fear exposure. Most studies in the review reported improved accuracy in anxiety
predictions (e.g., Arntz et al., 1994; Telch et al., 1994; Rachman & Lopatka, 1986a). However,
this pattern was not observed in the clinical study. Although both expected and experienced
anxiety levels decreased, the discrepancy between them remained stable, a finding consistent
with van Hout and Emmelkamp (1994). For further exploration we examined whether expected
anxiety, experienced anxiety, and the discrepancies between them correlated with therapy
outcomes. The core finding was that anxiety prediction accuracy did not improve with the

number of exposure trials during treatment, nor was it significantly correlated with treatment
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outcomes. Conversely, reductions in both expected and experienced fear were significantly
related to treatment success. The reduction in expected fear emerged as a predictor of treatment
success at both post- and follow-up assessments.

Despite the repeated exposures, the overprediction bias persisted, even as experienced
fear levels declined. Notably, exposure situations varied, progressing from taking a bus, to
visiting a supermarket, to entering a forest, and ending with engagement in two individualized
exposure scenarios. Even when analyzing specific situations (e.g., bus exposure), prediction
accuracy did not improve significantly. Additionally, previous studies have sometimes found
conflicting results regarding changes in prediction accuracy. For example, Telch et al. (1994)
observed an increase in matchers, patients whose anxiety predictions became more accurate,
though some continued to overpredict their fear despite overall reductions in expected and
experienced fear. In contrast, van Hout and Emmelkamp (1994) found no improvement in
prediction accuracy, with the discrepancy between predicted and experienced fear remaining
stable throughout therapy. Participants in their study continued to overpredict fear following
inaccurate predictions. Notably, earlier studies analyzed group-level trajectories rather than
individual changes. These discrepancies might be partially explained by variability in initial
overprediction levels. In samples with high initial overprediction, corrective experiences may
have facilitated a convergence between expected and experienced fear. Conversely, in samples
with more accurate initial estimates, factors such as safety behaviours might have maintained
prediction inaccuracies, a hypothesis warranting further exploration.

Given previous findings that safety behaviours impact therapy outcomes (Helbig-Lang
& Petermann, 2010), we examined their relationship with expected and experienced fear as well
as their discrepancy between the two. However, our clinical study revealed no significant
association between safety behaviour and prediction accuracy. Existing evidence generally
suggests that safety behaviours increase discomfort and hinder exposure therapy outcomes
(Helbig-Lang & Petermann, 2010). For example, Salkovskis et al. (1999) found that safety
behaviours correlate with smaller reductions in cognitive distortions and anxiety levels. One
possible explanation of our different results is that our measurement only differentiated between
the use and non-use of safety behaviours, rather than capturing specific types or intensities of
use. Future studies should explicitly explore safety behaviours. Furthermore, distinguishing
between the types of expectation, such as the likelihood of a catastrophic event (see Pittig et al.,
2023) or the intensity of fear (match-mismatch model), could provide deeper insight into safety
behaviours. If individuals anticipate a catastrophic outcome, this may heighten fear responses

and promote reliance on safety behaviours.
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5.3 Main Conclusion

The systematic review and the clinical study confirmed that anxious individuals,
particularly patients with panic disorder with agoraphobia, often overpredict their anxiety
before encountering fear-provoking stimuli. In most reviewed studies, anxiety prediction
accuracy improved with repeated exposure. However, this improvement did not occur in the
clinical study. Instead, expected and experienced fear were analyzed separately, both showing
improvement with increasing exposure sessions.

A notable approach in the review examined the difference between expected and
experienced fear in relation to therapy outcomes. The underlying premise was that more
accurate anxiety predictions may contribute to greater therapeutic success. However, the
clinical study did not establish a direct correlation between prediction accuracy and therapy
outcomes. Rather, reductions in both expected and experienced fear were associated with better
therapy results. Thus, based on the clinical study findings, prediction accuracy alone does not
appear to be a decisive factor for therapeutic success.

5.4 Clinical Implications

In clinical practice, addressing the persistence of overprediction throughout exposure
therapy is imperative. Expectations regarding anxiety-provoking situations should be carefully
examined, validated, and explicitly addressed. Given the notable dropout rates in
psychotherapy, this issue warrants further investigation. While exposure therapy is highly
effective for anxiety disorders, some individuals fail to benefit from it, and others discontinue
treatment prematurely. Therefore, enhancing therapy effectiveness remains essential.

Providing cognitive clarification before exposure may be beneficial. In this respect,
evaluating the likelihood of the inidividual’s anxious thoughts materializing could help reduce
catastrophic thinking and increase engagement in exposure. However, research on this issue is
mixed. Craske et al. (2014) argued that pre-exposure cognitive work might interfere with
expectation violation and hinder new learning. Conversely, Buchholz et al. (2022) found no
significant differences in outcomes among individuals with spider phobia who engaged in
cognitive work either before or after exposure. For some anxiety disorders, cognitive
clarification before exposure may be particularly important and effective. When an individual
overestimates fear intensity or the likelihood of catastrophe, it may be justified to address actual
probabilities in advance.

Although our study did not identify a direct relationship between safety behaviours and
anxiety overprediction, we recommend encouraging patients to reduce their reliance on safety

behaviours (see Helbig-Lang & Petermann, 2010; Powers et al., 2004). There is some evidence
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that exposure therapy is more effective when safety behaviours are restricted (e.g., Milosevic
& Radomsky, 2013).

One potential approach involves addressing catastrophic expectations systematically
through desensitization or graduated in vivo confrontation. This may reduce dropout rates by
enabling patients to experience corrective learning, demonstrating the exaggerated nature of
their fears. Alternatively, therapists may initially permit the use of safety behaviours (e.g.,
allowing patients to bring a “safety object” into feared situations), with the ultimate goal of
gradually phasing them out. However, the risk remains that patients will become overly reliant
on these behaviours, thereby reinforcing their anxiety. Research suggests that greater use of
safety behaviours is associated with reduced learning rates during exposure therapy (Helbig-
Lang & Petermann, 2010; Powers et al., 2004).

Furthermore, key principles of habituation theory remain relevant. Foa and Kozak
(1986) emphasize three core indicators for exposure therapy: (1) fear activation, ensuring that
genuine fear is triggered for reduction; (2) within-session fear reduction; and (3) between-
session fear reduction. Varying exposure contexts can also enhance generalization and help

maintain treatment gains (Mystkowski et al., 2003).

5.5 Final Consideration

Taken together, exposure therapy for anxiety disorders requires ongoing refinement to
address individual variability and reduce high dropout rates. Strategies such as addressing the
overprediction of fear, managing safety behaviours, developing anxiety hierarchies, and
incorporating cognitive clarification may enhance therapy outcomes. Adhering to core
principles of habituation, such as fear activation and progressive anxiety reduction, remains

essential for optimizing exposure therapy.
6 Outlook

This thesis contributes to a more nuanced understanding of fear prediction in exposure
therapy. While the findings provided limited support for Rachman’s (1994) match mismatch
model, they underscore the need for further clinical research. Future studies should build on
recent methodological advances, especially in the documentation of clinical diagnoses and
detailed assessment of safety behaviours. Why patients persistently overpredict fear despite
experiencing reductions in anxiety remains a central open question. Different types of
expectation, particularly threat expectancy (see also Pittig et al., 2023), should be examined in
relation to treatment outcomes.

Moreover, the role of safety behaviours requires further empirical investigation. It may
be useful to explore differentiated forms of safety behaviours, such as those aimed at managing
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anxiety symptoms versus those intended to prevent feared catastrophes, and to assess their
effects on learning processes in exposure. Gradual fading strategies, as well as timing and
contextual effects, may offer practical approaches for improving engagement and outcomes in
therapy.

In conclusion, while the match-mismatch model provides a valuable perspective on
expectancy processes in anxiety disorders, it represents just one part of a broader theoretical
framework. Future research should continue to disentangle the mechanisms through which

expectancies influence therapeutic outcomes.
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