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1. Abstracts 

 
1.1 English Abstract 

In an effort to test the predictions derived from emotional processing theory (EPT, Foa 

& Kozak, 1986), this meta-analysis examined the correlation between outcome to exposure 

therapy and three process variables: initial fear activation (IFA), within-session habituation 

(WSH), and between-session habituation (BSH). The search for literature comprised a key-

word-based search in various databases (PsycINFO, PSYNDEX, PsycARTICLES, ERIC, and 

PubMed), a reverse search, the examination of reference lists, and written correspondence 

with study authors. Of the 22 studies that were included, 18 provided data concerning IFA (58 

individual data points, total N = 513), while five did so in terms of WSH (7 individual data 

points, total N = 116), and eight regarding BSH (22 individual data points, total N = 304). Due 

to the varying number of data points per study, most analyses were performed by means of 

the R package robumeta (Fisher & Tipton, 2014), with random-effects models being assumed 

a priori. Results yielded a non-significant mean correlation for IFA (r = .11), whereas this 

model was marked by enormous heterogeneity (τ2 = 0.19, I2 = 81.61 %). Explorative modera-

tor analyses performed on the correlation between IFA and outcome yielded significant ef-

fects for the sort of process and outcome measure employed (physiological vs. non-

physiological) and for a composite scale termed study quality. In terms of WSH and BSH, 

there resulted significant mean correlations amounting to r = .39 and r = .34, respectively. 

Due to insufficient statistical power and the lack of signs for heterogeneity (τ2 = 0, I2 = 0), no 

moderator analyses were conducted concerning WSH and BSH. Results are discussed in the 

light of various limitations (restricted range of diagnoses, sources of reporting bias), conclud-

ing that the pattern of results is best in line with cognitive theories emphasizing hypothesis 

testing and self-efficacy, whereas IFA as a central element of EPT needs to be questioned.  

 

1.2 German Abstract 

Um zentrale von der emotionalen Verarbeitungstheorie (Foa & Kozak, 1986) abgelei-

tete Vorhersagen zu überprüfen, wurden im Rahmen der vorliegenden Metaanalyse die Korre-

lationen zwischen Therapieerfolg durch Expositionsbehandlung und drei verschiedenen 

Prozessvariablen untersucht: initiale Furchtaktivierung (IFA), Habituation innerhalb einer 

Sitzung (WSH) und Habituation über Sitzungen hinweg (BSH). Die Literatursuche umfasste 

eine stichwortbasierte Suche in verschiedenen Datenbanken (PsycINFO, PSYNDEX, 
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PsycARTICLES, ERIC und PubMed), eine Rückwärtssuche, die Durchsuchung von Litera-

turverzeichnissen und die schriftliche Korrespondenz mit Studienautoren. Von den einges-

chlossen 22 Studien enthielten 18 Daten bezüglich IFA (58 individuelle Datenpunkte, 

gesamtes N = 513), fünf hinsichtlich WSH (7 individuelle Datenpunkte, gesamtes N = 116) 

und acht bezüglich BSH (22 individuelle Datenpunkte, gesamtes N = 513). Aufgrund der var-

iierenden Anzahl von Datenpunkten pro Studie wurde der Großteil der Analysen mit Hilfe des 

R-Pakets robumeta (Fisher & Tipton, 2014) durchgeführt, wobei a priori von random-effects 

Modellen ausgegangen wurde. Es ergab sich eine nicht signifikante mittlere Korrelation für 

IFA (r = .11), wobei dieses Modell von deutlicher Heterogenität geprägt war (τ2 = 0.19, I2 = 

81.61 %). Die in Bezug auf die Korrelation zwischen IFA und Therapieerfolg durchgeführten 

explorativen Moderatoranalysen ergaben signifikante Effekte für die Art des Prozess- und des 

Therapieerfolgsmaßes (physiologisch vs. nicht-physiologisch) sowie für eine aggregierte Ska-

la mit der Bezeichnung study quality. Aufgrund ungenügender statistischer Power und im 

Angesicht mangelnder Hinweise auf Heterogenität (τ2 = 0, I2 = 0) wurden bezüglich WSH und 

BSH keine Moderatoranalysen durchgeführt. Die beschriebenen Befunde werden im Licht 

verschiedener Einschränkungen (geringe Bandbreite verschiedener Diagnosen, Quellen von 

reporting bias) diskutiert, wobei am Ende die Schlussfolgerung steht, dass das Ergebnismuster 

am besten mit kognitiven Theorien vereinbar ist, die Hypothesentestung und 

Selbstwirksamkeit betonen, wobei die initiale Furchtaktivierung als zentrales Element der 

emotionalen Verarbeitungstheorie kritisch hinterfragt werden muss.  
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2. Introduction 
 

2.1 The Origins of Exposure Therapy 

Based on the general principle of having patients confront themselves with their feared 

objects or situations while refraining from any kind of avoidance or safety behavior, exposure 

therapy nowadays constitutes one of the most popular psychotherapeutic interventions in the 

context of both academic psychology and the public. As a general treatment principle for all 

sorts of anxiety disorders, exposure therapy is among the most researched treatments, whose 

efficacy has been demonstrated in a large number of randomized controlled trials (Hofmann 

& Smits, 2008) as well as in effectiveness studies applying naturalistic designs (Stewart & 

Chambless, 2009). Over the past decades, thus, exposure therapy as a component of modern 

cognitive-behavioral therapy (CBT) has emerged as the most important treatment for patho-

logical anxiety and fears, for which it constitutes the treatment of first choice (e.g. Grawe, 

Donati, & Bernauer, 1994). Yet, its long tradition has also led to an enormous diversity of 

subtypes, which will be dealt with next. 

 

2.1.1 Subtypes of Exposure Therapy  

 Nowadays, the different subtypes of exposure treatment can be best sorted by describ-

ing each of them on two dimensions, i.e. sort of stimulus and intensity. With regard to the sort 

of stimulus, one generally differentiates between in vivo exposure, i.e. confrontation with the 

feared object or situation in reality, and imaginal exposure (also referred to as in sensu expo-

sure), meaning that a person confronts himself with the feared object or situation in his imag-

ination (Michael & Tuschen-Caffier, 2008). Whereas earlier accounts favored in vivo expo-

sure in terms of its efficacy (Marks, 1987), more recent studies indicate that imaginal expo-

sure can be just as effective as in vivo exposure concerning the treatment of phobias (Hecker, 

1990) and obsessive-compulsive disorder (OCD), whereas in the latter case, in vivo exposure 

proved to be slightly superior at follow-up (Foa, Steketee, & Grayson, 1985). Yet, what is 

often assumed to be the shortcoming of imaginal exposure is its comparably lower potential 

to provoke intensive fear responses (Foa & McNally, 1996; Michael & Tuschen-Caffier, 

2008), which is why it may be more suitable as a treatment for certain anxiety disorders than 

for others. Beyond in vivo and imaginal exposure, exposure in virtual reality has gained great 

popularity among practitioners and researchers, as it offers an appropriate solution for situa-

tions that are difficult or expensive to construct in reality (such as in the case of aviophobia) 
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and that would not be sufficiently anxiety-provoking when conducted imaginally. Also, its 

efficacy (and, in terms of simple phobias, also its equality), can be regarded as well docu-

mented (Powers & Emmelkamp, 2008).  

 The second important dimension exposure treatments differ on is the intensity of 

treatment. Generally, one can distinguish between so-called graded approaches, which in-

volve starting with a situation that provokes a medium amount of fear or anxiety and then 

working towards the most fear-provoking situation, and so-called massed approaches. The 

latter approach may also involve the construction of a hierarchy of stimuli or situations, but in 

contrast to the first, the patient is confronted with her most-feared item already in the first 

exposure session. As summarized by Michael and Tuschen-Caffier (2008), a massed approach 

is assumed to yield improvements more quickly than a graded one, whereas the two variants 

rather do not differ concerning their overall efficacy. Yet, a graded approach may be advanta-

geous in terms of increasing a patient’s motivation for (and compliance with) exposure thera-

py and in order to reduce avoidance behavior in session, as well as in the context of emotions 

that usually decrease more slowly than fear, such as disgust (Michael & Tuschen-Caffier, 

2008).  

 

2.1.2 From Systematic Desensitization to Exposure Therapy 

 As derived from the combination of the two dimensions described in the preceding 

section, there result certain prototypes of exposure therapy (apart from exposure in virtual 

reality). Whereas massed in vivo exposure is often referred to as flooding, massed imaginal 

exposure has been termed implosion. The third important subtype is systematic desensitiza-

tion (SD), which reflects a graded imaginal approach while differing from all other exposure 

treatments in one crucial aspect: the simultaneous induction of a relaxed state while being 

confronted with the feared object or situation. This relaxed state was thought by Wolpe 

(1958) to lead to the reciprocal inhibition of two antagonistic states (fear and relaxation) and 

thus to a new conditioned association between the feared stimulus and a relaxed state, which 

was assumed to replace the old, pathological association between stimulus and fear response. 

This concept, termed by Wolpe (1958, 1968) reciprocal inhibition, had been proclaimed al-

ready 44 years earlier by Mary C. Jones (1924), who, herself being one of James B. Watson’s 

assistants, introduced the term counterconditioning in the context of a case study dealing with 

a boy who was healed from his animal phobia by means of this treatment. 

 However, Wolpe’s (1958, 1968) theory concerning the working mechanisms of SD 

was soon challenged by studies demonstrating that the additional relaxation element is redun-
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dant or even interferes with improvement. The starting point for this was given by a study on 

phobic patients (Marks, Boulougouris, & Marset, 1971), which constituted the first systematic 

comparison of SD and flooding (wheras here, flooding comprised both in vivo and imaginal 

exposure). The major finding of this study was that flooding was not only as efficacious as 

SD, but even superior in terms of various outcome criteria, calling into question the necessity 

of simultaneous relaxation and thus casting doubt upon the reciprocal inhibition theorem. Fur-

thermore, Marks et al. were able to demonstrate that the variables predicting outcome were 

very different concerning flooding than concerning SD: whereas outcome to flooding could 

be predicted by indicators of high physiological arousal, the opposite was true for SD (from 

which patients with less severe symptoms and low physiological arousal profited most) – a 

finding replicated by Watson and Marks (1971). In line with this, Lang, Melamed, and Hart 

(1970) were able to demonstrate that out of a sample of snake-phobic participants treated with 

SD, those displaying the highest increase of heart rate during relaxation eventually exhibited 

the greatest improvement concerning fear questionnaires and behavioral approach tests. These 

findings clearly rule out counterconditioning as the mechanism at work in SD, since the high 

physiological arousal reveals that obviously the induction of relaxation failed – in spite of 

which the treatment was effective. Taken together, this evidence led Marks (1975) to con-

clude that mere confrontation with aversive stimuli is just as effective in treating phobic fears 

and anxiety as SD (which had been the most popular way of treating anxiety disorders until 

then), thereby coining the term exposure therapy and laying the foundation for one of the 

most important paradigm shifts in psychotherapy research. 

 

2.1.3 Written Emotional Disclosure: Equivalent or Not? 

Another treatment that strongly resembles classic exposure paradigms is written emo-

tional disclosure (WED, e.g. Pennebaker, 1997), which involves having people write about 

their (mostly traumatic) experiences. As shown in the meta-analyses provided by Smyth 

(1998) and by Frisina, Borod, and Lepore (2004), there is satisfying evidence for the efficacy 

of WED concerning various health outcomes, although it is typically being applied to trauma-

related disorders. Yet, there is still an ongoing debate on whether or not WED can be regarded 

as a subtype of exposure therapy, whereas one major difference is seen in the fact that in 

WED treatment, participants are typically not required to write about the same traumatic 

event in each session, while in traditional imaginal exposure paradigms (e.g. Foa & Roth-

baum, 2001), participants repeatedly confront themselves with the same traumatic experience 

(D. Sloan & Marks, 2004b), which has led for instance Smyth, True, and Souto (2001) to 
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suggest that WED works via cognitive restructuring. Yet, Kloss and Lisman (2002) were able 

to demonstrate that WED leads to the experience of fear in a similar way as exposure treat-

ment does. D. Sloan, Marks, and Epstein (2005), whose study was eventually included in this 

meta-analysis, could extend these findings by showing that participants treated with WED 

also display fear reduction across sessions, which is generally regarded as typical of exposure 

treatments (a topic that will be dealt with in detail in section 2.2). In sum, even though D. 

Sloan et al. arrive at the conclusion that the working mechanisms behind WED have yet to be 

elucidated (a conclusion shared by Kloss & Lisman, 2002, as well as by D. Sloan & Marks, 

2004a), it appears that the similarities between WED and exposure treatment outweigh the 

differences, especially when taking into account that other established forms of imaginal ex-

posure for trauma, such as interventions based on the cognitive model of PTSD (Ehlers & 

Clark, 2000), also involve cognitive restructuring and do not emphasize repeated exposure to 

the same experience. 

 

2.1.4 Applicability to Various Disorders 

 Whereas exposure treatments were first applied to phobic disorders, its scope was 

soon extended to other anxiety disorders. As described e.g. by Craske and Barlow (2008), an 

important element in the treatment of panic disorder with and without agoraphobia is intero-

ceptive exposure, i.e. the confrontation with bodily symptoms such as increased heart rate and 

dizziness. Yet, in the case of panic disorder, this sort of exposure is hardly used as a stand-

alone treatment, rather, it is embedded within a cognitive framework designed to challenge 

patients’ faulty stimulus appraisals. Thus, according to a meta-analysis by Sánchez-Meca, 

Rosa-Alcázar, Marín-Martínez, and Gomez-Conesa (2010), the most efficacious treatments 

for panic disorder with and without agoraphobia comprise exposure, relaxation training, and 

breathing retraining. This view is partly shared by an earlier meta-analysis conducted by 

Gould, Otto, and Pollack (1995), who conclude that the best treatment outcome is generally 

achieved through a combination of interoceptive exposure and cognitive restructuring. 

 Already at an early stage, exposure was also used to treat OCD, whereas patients are 

generally encouraged to confront themselves with their intrusive thoughts or images. Im-

portantly, though, treatment programs for OCD usually comprise an additional treatment ele-

ment called ritual prevention (also referred to as response prevention). Analogous to safety-

seeking behavior that is generally regarded as detrimental to exposure treatment for anxiety 

disorders (e.g. T. Sloan & Telch, 2002), ritual prevention involves encouraging patients to 

refrain from all their rituals that usually serve to reduce anxiety and tension – strategy gener-
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ally referred to as neutralizing (e.g. Lakatos & Reinecker, 2007). The efficacy of exposure 

and ritual prevention has been demonstrated in a number of randomized controlled trials, 

which were summarized meta-analytically by Abramowitz (1996). Another important finding 

of this meta-analysis was that the combination of exposure and response prevention was supe-

rior to mere exposure, indicating an additive effect for the ritual prevention element. 

 Moreover, exposure has evolved into a major element of cognitive-behavioral treat-

ment for post-traumatic stress disorder (PTSD). Here, treatment generally focuses on imaginal 

exposure to the traumatic experience (e.g. Foa & Rothbaum, 2001), which is sometimes 

amended by in vivo exposure to places and situations associated with the trauma. Evidence 

concerning the efficacy of exposure treatment for PTSD was summarized in a meta-analysis 

by Watts et al. (2013), which displays that exposure-based treatments are similarly effective 

as cognitive therapy and eye-movement desensitization and reprocessing (EMDR, e.g. 

Shapiro, 2001).   

 Concerning social phobia, in vivo exposure does constitute a major element of treat-

ment, however, exposure exercises here are generally designed to provide a test of the pa-

tient’s dysfunctional beliefs and are therefore generally embedded within a cognitive treat-

ment program that does not necessarily require the patient to stay in the fear-provoking situa-

tion until his fear has markedly decreased. In this case, exposure exercises are usually referred 

to as behavioral experiments and constitute an element of cognitive therapy (Fehm & 

Knappe, 2011)1. In fact, a meta-analysis by Ougrin (2011) provides evidence that in the case 

of social phobia, cognitive behavioral treatment yields higher effect sizes than pure behavioral 

(i.e. exposure) treatment, indicating that exposure exercises employing merely a fear-

reduction rationale2 may not be the optimal treatment strategy for social phobia. 

 An anxiety disorder that has long been neglected in terms of the efficacy of exposure 

treatment is generalized anxiety disorder (GAD). In fact, there has hardly been any disorder-

specific research until the beginning of the 21st century, which accounts for the fact that it also 

largely lacks any disorder-specific treatments for GAD. Hence, all treatment programs availa-

be nowadays are assembled of various treatment elements that are comparably heterogenous. 

Apart from interventions derived from acceptance and commitment therapy (ACT, e.g. S. C. 

Hayes, Strosahl, & Wilson, 2011), behavioral interventions such as stimulus control and ap-

plied relaxation as well as cognitive and metacognitive approaches, such treatment programs 

also tend to include exposure elements (Robichaud & Dugas, 2009). Based on Borkovec’s 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 This topic will be dealt with in detail in section 5.5.1. 
2 See section 5.5.1 for a detailed description of this exposure rationale in relation to others. 
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avoidance theory of worry (Borkovec, Alcaine, & Behar, 2004), which regards worry as a 

strategy for avoiding unpleasant emotions, the corresponding treatment approach involves 

having the patient confront herself with these emotions while refraining from worrying. Due 

to the lack of specific outcome research, there are (to the author’s knowledge) no controlled 

studies examining the effect of such exposure treatments. However, a meta-analysis by Covin, 

Ouimet, Seeds, and Dozois (2008) summarizes evidence for the efficacy of complex CBT 

programs, whereas the relative contribution of the several treatment elements has yet to be 

elucidated. 

 Two of the most recent applications of exposure therapy concern addictive disorders 

and eating disorders, especially anorexia nervosa. Whereas in the first case, which is usually 

referred to as cue exposure, patients are confronted with appetitive stimuli in an effort to ex-

tinguish the craving response (e.g. Drummond, Tiffany, Glautier, & Remington, 1995), the 

latter case, generally termed body image exposure or mirror exposure, involves the patient’s 

confrontation with his body and aims at correcting misperceptions concerning his shape and 

physical appearance (e.g. Vocks & Legenbauer, 2010). However, both treatments lack con-

vincing evidence concerning their efficacy. Whereas a meta-analysis by Conklin and Tiffany 

(2002) reports a weighted mean effect size for cue exposure that is not significantly different 

from zero (even though the authors emphasize that the treatment in the various studies was far 

from optimal), Jacobi and de Zwaan (2011) conclude that currently, controlled studies 

demonstrating an independent effect for body image exposure are still missing.  

 Hence, one may conclude that the scope of exposure therapy is very large and, at least 

in terms of the anxiety disorders, there is firm evidence proving its efficacy. While its efficacy 

is unquestionable, however, the question about the relevant working mechanism remains 

largely unresolved.  

 

2.2 Early Theories on Working Mechanisms of Exposure Therapy 

In fact, the lack of knowledge concerning the relevant process variables (i.e. the work-

ing mechanisms of a therapeutic intervention) is an issue that affects most psychotherapeutic 

interventions and that has received increasing attention under the label process-outcome re-

search (e.g. Crits-Christoph, Gibbons, & Mukherjeed, 2013). Whereas Wolpe’s (1958, 1968) 

theory of reciprocal inhibition, which reflects an early proposal about the working mecha-

nisms of systematic desensitization, has already been contemplated in section 2.1.2, the fol-

lowing sections will deal with two other perspectives on how and why exposure therapy 
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works, before turning to emotional processing theory (Foa & Kozak, 1986), which constitutes 

the cornerstone of this meta-analysis.  

 

2.2.1 Habituation 

 Of all theoretical accounts proposed to explain the efficacy of exposure therapy, ha-

bituation is probably the oldest one. Defined by Harris (1943) as “response decrement [due 

to] repeated stimulation“ (p. 385), habituation is seen as one of the most fundamental princi-

ples of information processing in both humans and animals, as it constitutes the basis for the 

ability of ignoring irrelevant stimuli (Michael and Tuschen-Caffier, 2008). Thompson and 

Spencer (1966) put forward a set of important principles inherent to habituation, the most 

important of which shall be briefly described. First of all, habituation has been shown to be 

specific to the particular stimulus that is presented repeatedly, i.e. a stimulus change will lead 

to the response’s recovery. Similarly, the habituated response generally recovers as soon as 

the stimulus is withheld, whereas habituation reinstates even more rapidly when the stimulus 

is presented again. Typical habituation curves can be best described as negative exponential 

functions, with reponse intensity decreasing most markedly at the beginning. Importantly with 

regard to exposure therapy, another central characteristic of habituation is that its intensity is 

inversely related to the intensity of the stimulus, with very strong stimuli leading to hardly 

any habituation at all.  

 Habituation has been a prominent candidate for the working mechanism behind expo-

sure therapy for many years, given that the typical decline of fear during exposure exercises 

(measured either physiologically or via self-report) is consistent with habituation patterns 

(e.g. Grayson, Foa, & Steketee, 1982). However, this explanation also has got various short-

comings. First, it fails to offer an explanation for why some fears do not decrease even after 

repeated stimulus presentation, and second, it is incompatible with flooding, which involves 

the massed confrontation with aversive stimuli and would therefore be assumed to interfere 

with habituation, as outlined above (Rachman, 1990, as cited in Michael & Tuschen-Caffier, 

2008). In sum, thus, the habituation perspective can hardly suffice to fully account for the 

efficacy of exposure treatment.  

 

2.2.2 Extinction 

 Explaining exposure therapy through extinction implies the assumption that anxiety 

disorders arise from classical conditioning, as e.g. described by Mowrer (1939). In accordance 

with these early learning theories, phobic reactions are conditioned responses due to the fact 
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that the phobic stimulus (i.e. the conditioned stimulus) has previously been associated with an 

unconditioned stimulus that naturally elicits a fear response. According to Mowrer, this con-

ditioned response is then maintained through operant conditioning as the feared stimulus is 

being avoided, which leads to negative reinforcement. The logical implication concerning the 

treatment of fears that follows from this perspective is to eliminate the conditioned fear re-

sponse by presenting the conditioned stimulus without the unconditioned one, i.e. to confront 

a person with the feared object in the absence of the naturally fear-provoking stimulus. 

 While seeming so simple and straight forward, this theory has later proved to bear 

various inconsistencies. First of all, only a very small number of phobic patients actually re-

member such an initial association between an unconditioned and a conditioned stimulus, and 

most efforts of fear conditioning in humans have actually failed (Becker, 2011). With regard 

to the working mechanism of exposure therapy, the most compelling argument against the 

extinction hypothesis is that today, there is plenty of evidence demonstrating that, in contrast 

to what is suggested by the learning theories described above, the pathological fear associa-

tions are in fact not extinguished after exposure treatment, but rather overwritten by new, non-

pathological associations (Michael & Tuschen-Caffier, 2008). This is especially reflected by 

the phenomenon called return of fear, which refers to the experience of fear after completion 

of exposure treatment. As shown e.g. by Mineka, Mystkowski, Hladek, and Rodriguez (1999) 

and as summarized by Bouton (2002), return of fear tends to occur in situations that during 

treatment have not been the focus of exposure exercises, leading to the conclusion that extinc-

tion (or rather, the overwriting of old associations by new ones) is highly context-specific. A 

practical guideline derived from this is the advice to conduct exposure exercises in as many 

different contexts as possible. Yet, the shortcomings of this perspective are obvious, leading 

Tryon (2005) to conclude that “obtaining methodologically rigorous empirical support for the 

extinction hypothesis in humans is unlikely“ (p. 75). 

 

2.3 Emotional Processing Theory  

Of all theories aiming at explaining why exposure therapy is effective, emotional pro-

cessing theory (EPT), put forward by Edna Foa and Michael Kozak in 1986, probably consti-

tutes the most popular theoretical account that has – until today – decisively influenced the 

way exposure therapy is delivered.  

 

2.3.1 Origins of EPT 

 On the one hand, Foa and Kozak’s theory (1986) draws on Rachman’s (1980) defini-
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tion of emotional processing, which he considered to be a “process whereby emotional dis-

turbances are absorbed, and decline to the extent that other experiences and behaviour can 

proceed without disruption“ (p. 51). As further described by Rachman, emotional processing 

is regarded as a framework for explaining pathological emotional states, which are generally 

ascribed to incomplete or failed emotional processing.  

The other major basis of EPT is the bio-informational perspective on fear as suggested 

by Lang (1977, 1979). Originating from experiences with systematic desensitization, Lang’s 

theory deals with the processing of emotional imagery and suggests that such images are best 

described as “propositional structures“ (Lang, 1977, p. 863) stored in memory, whereas he 

emphasizes that these structures do not represent an objective account of reality, but rather a 

subjective conception of it. According to Lang (1977), these structures comprise both propo-

sitions describing the various elements of the image and propositions concerning behavioral 

responses (such as flight impulses in the case of fear). Importantly, Lang (1979) also pointed 

out that fear is generally coupled with physiological activation, leading Foa and Kozak (1986) 

to regard physiological activation as the primary indicator of these structures. 

 

2.3.2 Central Elements of EPT 

Whereas Lang’s (1977, 1979) account lacked more precise assumptions concerning 

the elements of the suggested memory network, Foa and Kozak (1986) pick up Lang’s idea 

and make some very detailed propositions concerning its organization, thereby introducing 

the term fear structure. According to their perspective, this fear structure comprises three 

types of information, i.e. information about the stimulus (or situation) itself, about any behav-

ioral, verbal, or physiological response to that stimulus, and interpretative information about 

the meaning of both the stimulus and the reaction to it.  

Foa and Kozak (1986) argue that therapeutic change requires the incorporation of new 

information into this network in order to promote emotional processing. However, as suggest-

ed by Foa and Kozak, the primary requirement for information to be incorporated into the 

network is a sufficiently high degree of activation of the whole fear structure, as reflected by 

an intense initial fear response. The prediction derived from this conceptualization is therefore 

that therapeutic improvement should be a function of the initial fear response’s intensity, 

which is thought to be represented by the amount of fear experienced by a person shortly after 

being confronted with the feared stimulus or situation. Importantly, Foa and Kozak regard 

physiological indicators of fear (such as heart rate and skin conductance) as the most im-

portant because they consider them to be the prerequisite for all other facets of fear. Hence, 
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they only pay little attention to subjective (e.g. verbal fear ratings) and behavioral (e.g. flight 

behavior) indicators of fear. Evidence for this determining role of physiological activation 

comes from studies already dealt with earlier (Lang et al., 1970; Watson & Marks, 1971).  

Apart from what is generally referred to as initial fear activation (IFA), Foa and 

Kozak (1986) propose two further working mechanisms assumed to mediate the effect of ex-

posure treatment on treatment outcome3. These two working mechanisms represent two dif-

ferent forms of habituation, whereas this term is used to reflect a general reduction of the fear 

response, so that it slightly differs from the original meaning proposed by Thompson and 

Spencer (1966). The first mechanism suggested by Foa and Kozak is termed within-session 

habituation (WSH) and refers to the reduction of fear from the beginning to the end of a sin-

gle exposure session. First, WSH is assumed to reflect the incorporation of corrective infor-

mation about the reaction to the stimulus, or in other words, the learning experience of being 

confronted with the stimulus without being fearful or anxious, so that the preexisting associa-

tion between stimulus and response is weakened. Second, WSH provides corrective infor-

mation for patients’ common belief that fear will never decline unless one escapes from the 

frightening situation. Both aspects are regarded by Foa and Kozak as a major step in changing 

the fear structure, for they provide information that is incompatible with it. Hence, there 

should be a close relation between the degree of WSH and treatment outcome, and, notably, 

WSH is seen as a requirement for the third mechanism, termed between-session habituation 

(BSH). 

The above-mentioned new learning experiences are thought to manifest themselves by 

lowering the anticipation of fear, which is then reflected by BSH, i.e. the reduction of (initial) 

fear across the various exposure sessions. While WSH is thought to lead to the incorporation 

of corrective information concerning the association between stimulus and response elements 

and concerning the assumption that fear will never decline, BSH is assumed to alter the fear 

structure by correcting patients’ distorted threat appraisals. As suggested by Foa and Kozak 

(1986), the long term reduction of fear reflected by BSH facilitates the correction of faulty 

threat expectations such as losing control or suffering a heart attack, which represent typical 

interpretations concerning the meaning of response elements. Additionally, BSH is suggested 

to strengthen the patient’s belief that she is indeed able to cope with the frightening situation, 

which is close to Bandura’s (1969, 1977) conceptualization of self-efficacy. In sum, thus, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Note that, to be precise, IFA as such actually does not constitute a mechanism as defined by Kazdin (2007), 
since it does not constitute a mediating variable. Thus, IFA can rather be regarded as the (presumed) necessary 
requirement for the two actual mechanisms, i.e. WSH and BSH. 
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BSH should be associated with the amount of therapeutic improvement, as well. Notably, this 

third process variable constitutes a methodological problem due to the high degree of overlap 

between the concept of BSH and treatment outcome itself, for both is defined as a reduction 

of fear or anxiety over time. Therefore, this construct should be treated with caution (Crits-

Christoph et al., 2013).   

Importantly, Foa and Kozak hardly make any comment concerning a potential change 

affecting the meaning of the stimulus itself, which constitutes a major difference between 

their theory and cognitive approaches to exposure therapy that will be enlarged upon in the 

Discussion section. Summarizing a number of reconsiderations concerning EPT, Foa and 

McNally (1996), however, pick up exactly this point and introduce the term propositional 

meaning in order to refer to such alterations of the fear structure. According to their view, 

such changes of meaning are accomplished both by altered appraisals of threat (as described 

above) and by alterations to the stimulus’s valence, which shifts into a more positive direc-

tion, as well as to the valence of the feared consequences (such as criticism in social phobia). 

Yet, it is important to highlight that in their reconsiderations, Foa and McNally are still very 

tied to the framework offered by classical and operant conditioning, so that their efforts to 

reconcile these early learning theories with EPT appear artificial in some places.  

However, an important revision proposed by Foa and McNally (1996) affects the con-

clusiveness of the modified fear structure. In line with the convincing evidence demonstrating 

that extinction actually reflects the formation of newly learned associations, which compete 

with the original ones (rather than the definite elimination of these, e.g. Bouton, 2002), Foa 

and McNally suggest that instead of weakening old associations within the fear structure, ex-

posure therapy involves the formation of “new structures that override the influence of patho-

logical ones” (p. 339).  

 

2.3.3 Implications of EPT  

 EPT has had a considerable number of both theoretical and practical implications. 

Whereas the latter greatly affect the way exposure therapy is being delivered until today, the 

first leads to a number of predictions that can be derived from the model, comprising potential 

moderating variables that may influence the relationship between the three process variables 

(IFA, WSH, and BSH) and outcome to exposure treatment. 

 First of all, Foa and Kozak (1986) suggest that the sort of exposure applied (i.e. in 

vivo versus imaginal) greatly affects the extent to which the fear structure is activated, and 

thus, the extent to which corrective information can be incorporated. Foa and Kozak conclude 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   14 

that whereas in terms of OCD, in vivo and imaginal exposure facilitate equal levels of activa-

tion, in vivo exposure is superior in the case of specific phobias. The reason offered by them 

is that phobic fear structures tend to be more coherent than OCD fear structures, so that they 

require a smaller match between the representations of the fear structure and the stimulus ma-

terial used for exposure – as is the case for in vivo exposure. Since in vivo exposure simulta-

neously facilitates the activation of fear, phobics benefit more from it than from its imaginal 

counterpart. Generally, however, Foa and Kozak regard imaginal exposure to be more effec-

tive in terms of complex (i.e. less coherent) fear structures such as in OCD, since it offers 

more flexible ways to create a match between the elements of the fear structure and the (imag-

ined) stimulus material. Foa and McNally (1996) even go beyond this by proposing that the 

efficacy of exposure is limited in the case of such complex anxiety disorders – to the extent to 

which emotions other than fear (e.g. disgust) are involved. Note, however, that an important 

limitation of EPT as a whole is the fact that is largely based on only two groups of disorders, 

which are specific phobia and OCD. 

 Another fundamental variable affecting treatment outcome according to Foa and 

Kozak’s (1986) perspective is the duration of exposure treatment. As follows from their de-

scription of WSH, prolonged exposure is expected to facilitate more reduction of fear and 

should therefore yield superior outcome as compared with short exposure sessions. Thus, as 

habituation requires IFA, the association between IFA and outcome should be closer for pro-

longed exposure, as well.  

 Further important implications deal with potential impediments to exposure therapy. 

One of the most important hindrances that Foa and Kozak (1986) emphasize is a lack of atten-

tion towards the fear-provoking stimulus material, as this is assumed to lead to insufficient 

activation of the fear structure, which is thought to be the key requirement for emotional pro-

cessing to occur. Therefore, it is regarded as highly detrimental when during exposure pa-

tients apply strategies to distract themselves from the frightening stimulus or situation. Alt-

hough not explicitly mentioned by Foa and Kozak, the same holds for safety seeking behavior 

(e.g. Salkovskis, 1991) applied during exposure, since it also interferes with fear activation.  

What follows from this is the general treatment rationale for how exposure therapy is 

delivered until today, which is termed habituation rationale in order to distinguish it from 

other rationales that will be dealt with later. In short, this rationale, which can be applied to a 

great variety of anxiety disorders, involves having the patient confront herself with the fear-

provoking stimulus or situation and encouraging her to refrain from all subtle (e.g. mental 

distraction) and overt safety behaviors to ensure that the stimulus is paid full attention and the 
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fear structure is sufficiently activated (IFA). The exposure exercise is ended as soon as fear 

(ideally indexed by physiological parameters) has naturally declined to a sufficiently low lev-

el (WSH). Then, the patient repeatedly confronts herself with the same situation until the ini-

tial fear response at the beginning of each session has decreased to a level low enough to cope 

with (BSH).  

 

2.3.4 Desynchrony of Fear 

 A topic that has received a great deal of attention in the past decades is the generally 

little correspondence between various indicators of fear measured during exposure treatment, 

which is commonly summarized under the label desynchrony of fear. Leitenberg, Agras, 

Butz, and Wincze (1971) were among the first to provide evidence that within a sample of 

phobic patients heart rate changes were independent of behavioral changes. Meanwhile, nu-

merous other studies demonstrate that correlations between physiological indicators of fear 

(mostly heart rate and skin conductance) and self-report measures of fear – with the latter 

mostly being obtained by applying the subjective units of distress scale (SUDs, Wolpe, 1969) 

– are commonly very low (Gerew, Romney, & Leboeuf, 1989; Grey, Rachman, & Sartory, 

1981; Nesse et al., 1985). However, this finding does not seem to be robust, as some studies 

report comparably high correlations that in part even assume values beyond r = .50 (Lande, 

1982; Grey, Sartory, & Rachman, 1979).  

 Yet, there appear to be certain moderating variables that affect the degree of syn-

chrony among different indices of fear. As shown by Gerew et al. (1989), for instance, desyn-

chrony between SUDs ratings and skin conductance was only evident in the group displaying 

low arousal, whereas high arousal led to a small, but significant positive correlation – a point 

that had already been suggested by Hodgson and Rachman (1974). Moreover, desynchrony 

itself has been discussed as a predictor of negative outcome to exposure therapy. This moder-

ating role of synchrony was highlighted e.g. by Grey et al. (1981), whose analysis revealed 

that return of fear subsequent to the end of treatment was more likely for patients who during 

treatment had displayed desynchrony between subjective and physiological indicators of fear.  

Whereas there is plenty of literature dealing with the existence of desynchrony of fear, 

literature dealing with explanations for this phenomenon is sparse. Hodgson and Rachman 

(1974) suggest that desynchrony ist most likely to arise from the fact that fear and anxiety 

represent complex interactions of three “imperfectly coupled response-systems“ (p. 325), i.e. 

the psychophysiological system, the subjective (or experiential) system and the behavioral 

system. Also, they emphasize that a considerable amount of desynchrony is probably due to 
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measurement artifacts such as insufficient reliability. Bradley and Lang (2007) differentiate 

between the same three response systems while focusing on the differences between various 

physiological indicators of unpleasant emotions, among which desynchrony is often being 

observed, as well. One of the central ideas represented by their Defense Cascade model is that 

fear, while being driven by the defense motivational system, is not reflected by a single auto-

nomic response but rather by a “cascade of physiological responses, changing in different 

ways as activation increases” (p. 596). Specifically, this model outlines that the two most 

prominent physiological measures of fear – heart rate and skin conductance – respond differ-

ently to different degrees of arousal: While skin conductance rises gradually as a function of 

arousal, heart rate decelerates at a medium degree of arousal, signaling attentional focusing 

and orienting, and then accelerates as arousal further rises, leading to overt behavior (“fight or 

flight”). Importantly, Bradley and Lang propose that phobic patients are qualitatively distinct 

from healthy controls in a way that their reactions to frightening stimuli lack the decelerative 

element, thus indicating a sort of overshooting response. 

What follows from this, after all, is the conclusion that due to its obvious multidimen-

sionality, fear and anxiety are inadequately represented if measured only via one of these sys-

tems. Therefore, research should generally aim at taking into account all the various facets of 

this construct in order to preclude inappropriate conclusions.  

 

2.5 Assessment of EPT  

As process-outcome research became increasingly prominent among scientists, the 

number of studies investigating the link between the three process variables suggested by EPT 

and treatment outcome grew larger. However, results concerning all three variables (IFA, 

WSH and BSH) are extremely heterogeneous and fail to create a clear picture. So far, there 

has been one literature review (Craske et al., 2008) and one very recently published book 

chapter (Crits-Christoph et al., 2013) addressing this issue, both of which arrive at the conclu-

sion that the available evidence is too contradictory to finally assess the role of these three 

variables with respect to treatment outcome and that, taken together, evidence in that field 

suggests that all three variables neither constitute necessary nor sufficient conditions for ther-

apeutic improvement.  

Both of the above-mentioned texts present a number of studies that differ on various 

characteristics, such as disorder, sample and – very importantly, type of measure. For in-

stance, most studies only found an association between IFA and treatment outcome if IFA 

was measured via heart rate, but hardly if other physiological indices or self-reported fear 
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ratings were applied (Craske et al., 2008). With respect to WSH, Craske et al. draw an even 

more disillusioning conclusion, listing only three studies in support of an association between 

WSH and outcome, as opposed to four studies who do not. Furthermore, whereas there are a 

number of studies showing that those patients displaying the most WSH also show the best 

outcome, there are also studies showing the opposite pattern or demonstrating that, in spite of 

a lack concerning WSH, improvement takes place (and vice versa). Another important argu-

ment put forward by Craske et al. is that there is evidence for the efficacy of exposure that 

stops at the point of elevated fear instead of waiting for habituation to occur – and that some 

studies even indicate that continuing exposure beyond this point does not affect outcome to 

treatment. Indeed, these findings do question the alleged necessity of WSH. 

A similar conclusion holds for the case of BSH, whose role as a necessary prerequisite 

for therapeutic improvement has also been challenged by findings indicating that overall im-

provement may occur in the absence of clearly evident habituation across sessions (Craske et 

al., 2008). Additionally, a study by Jaycox, Foa, and Morral (1998) provided evidence against 

the idea that WSH is an indispensable requirement for BSH, as their results revealed no asso-

ciation between the degree of WSH and the degree of BSH.  

While Craske et al. (2008) arrive at the conclusion that, taking all evidence together, 

“the premises of EPT are only weakly supported” (p. 11), Crits-Christoph et al. draw a con-

clusion more in favor of EPT, especially with regard to the role of IFA and WSH. Yet, Crits-

Christoph and his colleagues raise certain important questions concerning the conceptualiza-

tion of BSH. For instance, they emphasize that it is questionable if habituation across sessions 

really constitutes a mechanism in the sense of a mediating variable (cf. Kazdin, 2007), i.e. 

whether the assumed process variable really causally predicts subsequent change when con-

trolling “for prior change in the outcome measure” (Crits-Christoph et al., p. 312), or whether 

a third variable is responsible for both BSH and treatment outcome. While especially warning 

about this potential tautology in terms of BSH, Crits-Christoph et al. also highlight that for 

neither of the three process variables a causal role has been shown, since correlations do not 

allow causal inferences. Apart from that, it is worth mentioning that a number of further crite-

ria for mechanisms of therapeutic change (as proposed by Kazdin) do not apply to any of the 

three process variables, such as evidence for a strong association between the intervention and 

the presumed mechanism and evidence showing that the experimental manipulation of the 

mechanism influences outcome.  

Moreover, Crits-Christoph et al. (2013) highlight that it remains unclear whether posi-

tive treatment outcome requires the activation of the specific fear or rather of fear in general, 
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and whether the link between and IFA and treatment outcome might actually be better de-

scribed by a curvilinear instead of a linear association – as shown e.g. for experiential therapy 

of depression (Carryer & Greenberg, 2010). Finally, they also state that it is yet totally un-

nown to what extent the mechanisms proposed by Foa and Kozak (1986) are specific to expo-

sure therapy, raising the question whether they equally apply to other psychotherapeutic 

treatments such as cognitive therapy. 

Apart from the evidence summarized by Craske et al. (2008) and Crits-Christoph et al. 

(2013), EPT is also being challenged by findings calling into question the necessity of an at-

tentional focus on the frightening stimulus, which is an implication strongly emphasized by 

Foa and Kozak (1986). As summarized by Schmid-Leuz, Elsesser, Lohrmann, Jöhren, and 

Sartory (2007), the findings concerning the relative efficacy of attentional focus versus dis-

traction are very heterogenous and seem to depend on whether fear is measured physiologi-

cally or via self-report, with heart rate showing better habituation under attentional focus and 

self-reported fear displaying more habituation under attentional distraction. Similarly, a meta-

analysis by Podină, Koster, Philippot, Dethier, and David (2013) comes to the conclusion that 

in the case of specific phobias, “distraction in contrast to focused exposure could be less 

counterproductive and even useful to exposure when [the] distraction task is interactive and 

exposure is spread over the course of multiple sessions“ (p. 1182). These findings cast further 

doubt upon the fundamental meaning of fear activation as suggested by Foa and Kozak 

(1986) and thus correspond to the above-mentioned results that combine to create a confusing 

picture of emotional processing theory. 

 

2.6 Objective of This Meta-Analysis  

The major shortcoming of the literature reviewed in the preceding section is that the 

authors’ conclusions are based on hardly more than merely counting out the number of stud-

ies that find evidence for an association between the three process variables and outcome – 

and those that do not. However, this sort of evaluation is anything but satisfying, neither from 

a statistical point of view nor with respect to content, as large pieces of information are lost 

when dichotomously sorting studies this way. This is especially relevant in the light of the 

prominent custom of not mentioning results that failed to reach significance possibly only due 

to a lack of statistical power – a problem that is common in many areas of psychological re-

search. A meta-analysis, by contrast, is usually blessed with very high statistical power and 

offers the possibility of paying significant and non-significant results equal amounts of atten-

tion. Moreover, when drawing conclusions on the basis of merely sorting results according to 
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their significance, authors are usually ignoring a set of potential moderating variables (Boren-

stein, Hedges, Higgins, & Rothstein, 2009, pp. 9 ff.). Such moderating variables, for instance 

disorder, type of measure, and duration of treatment, seem anything but irrelevant with regard 

to the questions Craske et al. (2008) and Crits-Christoph et al. (2013) address.  

The arguments listed in the preceding paragraph strongly suggest that a systematic 

meta-analysis is the approach of first choice to eradicate the numerous shortcomings of a lit-

erature review. There are a couple of good reasons why a meta-analysis can yield much more 

meaningful and statistically balanced results than any other form of analysis. First, a meta-

analysis takes into account the different sample sizes and computes a weighted estimate of the 

mean effect (much in contrast to calculating an unweighted mean, as done by Crits-Christoph 

et al., 2013), so that the weight of a study increases as a function of its sample size. Second, 

as mentioned above, a meta-analysis does not only focus on significant results, but instead 

offers the possibility of including non-significant effect sizes, thereby eradicating an im-

portant source of reporting bias. Third, a meta-analysis makes it possible to investigate the 

influence of various moderating variables on the effect size, thus accounting for heterogeneity 

in the results. This enables us to identify important influential factors that otherwise would be 

overlooked. In summary, these arguments make clear why a meta-analysis seems to be a very 

promising way of addressing the controversy brought about by the contradictory results on the 

working mechanisms proposed by Foa and Kozak (1986).  

 

2.6.1 Research Questions  

Several research questions can be derived from the preceding literature review. First 

and most importantly, this meta-analysis is supposed to provide a valid estimation of the 

weighted mean correlation between each the three process variables (IFA, WSH, and BSH) 

and outcome to exposure treatment, which goes far beyond the narrative accounts provided by 

Craske et al. (2008) and Crits-Christoph et al. (2013). Second, as the results are expected to 

be heterogenous, the analysis will deal with a number of potential moderating variables, 

which, according to theoretical considerations, may exhibit an influence on the size of the 

correlation coefficient. Ten moderating variables were chosen on the basis of the previously 

reviewed literature and further theoretical considerations. Please see section 3.3 for a detailed 

description of how these variables were operationalized.  

Sample. Based on the fact that in their theory, Foa and Kozak (1986) explicitly refer 

to pathological fear structures as opposed to non-pathological ones, sample was chosen as the 

first moderating variable in order to distinguish between clinical and subclinical samples. The 
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interesting question implied by this is whether the suggested process variables prove to be 

equally important for both sorts of samples or not. 

Diagnosis. Derived from Foa and Kozak’s (1986) considerations concerning the dis-

tinction between more coherent (i.e. simple) and less coherent (i.e. complex) fear structures, 

diagnosis was chosen as another important moderator in an effort to examine whether the 

extent to which the proposed mechanisms are related to outcome depends on the complexity 

of the fear structure. Second, this moderator was considered with regard to specific character-

istics of more complex anxiety disorders (such as panic disorder, social phobia and GAD), 

which are generally thought to require a more cognitive approach instead of the classic habit-

uation rationale (cf. section 2.1.4). From this point of view, diagnosis was included as a mod-

erator in order to see whether the mechanisms of EPT apply to these disorders equally.  

Sort of exposure treatment. Another moderating variable that directly follows from 

Foa and Kozak’s (1986) theory is the sort of exposure applied, whereas the distinction high-

lighted by Foa and Kozak is the one between in vivo exposure on the one hand and imaginal 

exposure on the other. As they argue that imaginal exposure might be less effective in activat-

ing the fear structure, it seems reasonable to assume that the link between IFA and outcome is 

of smaller size when treatment only involves imaginal exposure.  

Duration of treatment. Also directly derived from Foa and Kozak’s (1986) consider-

ations (especially concerning WSH), duration of treatment was included as a moderator to see 

whether the suggested mechanisms are equally effective for short and long exposure treat-

ments. This is particularly interesting in the light of Foa and Kozak’s advice to conduct pro-

longed exposure, which, though primarily affecting WSH, may be of importance for IFA and 

BSH, as well. 

Purity of exposure treatment. This moderating variable was thought to reflect the 

extent to which treatment was restricted to elements of classic behavioral therapy, i.e. expo-

sure treatment delivered according to Foa and Kozak (1986). It was chosen in order to inves-

tigate whether the link between the three process variables and outcome only holds for pure 

behavioral therapy employing the habituation rationale or also for treatments that e.g. involve 

cognitive elements such as hypothesis testing (as in behavioral experiments, see sections 2.1.4 

and 5.5.1). This moderating variable is therefore directly linked to a question raised by Crits-

Christoph et al. (2013): Are the mechanisms proposed by EPT specific to classic exposure 

therapy or not? 

Process measure. Derived from the concept of desynchrony of fear and from Foa and 

Kozak’s (1986) focus on physiological indices of fear, the sort of process measure applied 
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was seen as one of the most important moderating variables. The most interesting question to 

be addressed here is whether the relationship between the three process variables and outcome 

indeed only holds for physiological parameters or for others, as well. 

Time of measurement. This moderating variable only refers to IFA and deals with 

the question when fear activation was measured. It was e.g. expected that it may make a dif-

ference whether IFA is really measured in the first exposure session, as derived from Foa and 

Kozak’s (1986) theory, or before the actual treatment, e.g. in the course of pre-assessment.  

 Outcome measure. Just as the operationalization of the process measure was assumed 

to influence the size of the correlation, the same aspect was considered in terms of the out-

come measure. As Foa and Kozak (1986) emphasize that outcome should be operationalized 

following a broad definition of fear and anxiety, this moderating variable was included to 

examine whether the correlation varies as a function of the outcome measure employed.  

Degree of overlap. Although the list of moderators already involves both the sort of 

process and outcome measure, this additional variable was designed in order to investigate 

whether a potential correlation between one of the three process variables and outcome was 

merely an artifact of the overlap between the two measures. The same aspect could have been 

examined by means of an interaction between process measure and outcome measure, how-

ever, statistical power was expected to be too small for such an analysis to yield a valid result. 

Study quality. In order to account for both the studies’ general quality and their valid-

ity in terms of providing a test of the predictions derived from EPT, a composite scale reflect-

ing various corresponding variables was assembled. This scale is described in detail in section 

3.3.5. 
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3. Method 

 

3.1 Criteria for Inclusion of Studies  

3.1.1 Primary Diagnosis  

In order to be included in this meta-analysis, it was first of all required that an anxiety 

disorder according to DSM-IV-TR (APA, 2000)4 or corresponding subclinical phenomena 

constitute the primary diagnosis (or subclinical problem, respectively) of the participants in 

the study. Hence, only naturally occurring symptoms were included, implying the exclusion 

of experiments on fear conditioning. Also, this led to the exclusion of studies applying cue 

exposure to addictive disorders (e.g. Drummond et al., 1995), as well as body image exposure 

as a treatment element for eating disorders (e.g. Vocks & Legenbauer, 2010).  

 

3.1.2 Treatment Characteristics 

 Second, exposure therapy had to be at least the core element of treatment, whereas 

ideally, the correlation between a process variable and treatment outcome was computed only 

across participants who had actually been treated with exposure. For the case of designs com-

paring various treatment conditions, however, the criterion for inclusion was set more liberal-

ly, so that studies were included as long as more than half of all participants the correlation 

was computed for had actually been treated with exposure.  

A crititcal issue concerning this second criterion was the way to deal with studies em-

ploying exposure in virtual reality and WED instead of classical forms of exposure treatment. 

With regard to exposure in virtual reality, it was decided to include studies applying this form 

of exposure to simple phobias and related subclinical phenomena, as in this case, there is firm 

evidence for this treatment’s equivalence to in vivo exposure (as demonstrated in the meta-

analysis by Powers & Emmelkamp, 2008). And based on the evidence reviewed in section 

2.1.3, it also seemed reasonable to regard WED as a form of exposure treatment (whose puri-

ty, though, is reduced due to the additional features), so that studies examining this sort of 

treatment were decided to be included in this meta-analysis.  

By contrast, however, studies employing systematic desensitization were excluded be-

cause the mechanism assumed to underlie this treatment, i.e. reciprocal inhibition (Wolpe, 

1958, 1968) was considered to be diametrically opposed to those assumed by Foa and Kozak 

(1986), as the first emphasizes the importance of relaxation during exposure, while the latter 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Note that this, in contrast to DSM-5 (APA, 2013), also comprises OCD, PTSD, and Acute Stress Disorder 
(ASD).  
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would regard this as an impediment to the activation of the fear structure. Similarly, studies 

dealing with EMDR were excluded on the basis of convincing evidence displaying that 

EMDR and exposure do not share the same working mechanism (as reviewed by van den 

Hout & Engelhard, 2012).  

 

3.1.3 Operationalization of Process Variables 

 Third, inclusion of course required that a correlation between at least one of the three 

process variables and outcome to exposure therapy had been computed and that sufficient 

statistical information (correlation coefficient and corresponding sample size) could be re-

trieved from the text or from a table. A broad range of operationalizations for each of the 

three process variables was accepted. In the case of IFA, this comprised physiological 

measures such as heart rate (peak, mean, reactivity5, and variability), skin conductance (peak, 

mean, reactivity, spontaneous fluctuations), self-report ratings (such as the SUDs scale pro-

posed by Wolpe, 1969), external ratings of fear (e.g. on the basis of facial expressions) and 

several parameters of behavioral approach tests (BATs), e.g. the number of steps completed 

or fear ratings during the BAT. Another important requirement was that IFA had either been 

measured within the actual treatment situation (ideally in one of the first exposure sessions) or 

during a situation before treatment that, however, involved an initial confrontation with the 

feared stimulus or situation that was intense enough to activate the fear structure (as proposed 

by Foa and Kozak, 1986). Corresponding operationalizations were accepted in terms of WSH 

and BSH, whereas there were no a priori criteria formulated concerning the exact way of cal-

culating the particular difference scores (i.e. concerning the particular sessions used for com-

puting these two process measures). 

It should be noted that some studies also used cortisol (e.g. the salivary cortisol con-

centration) as an indicator of fear activation. However, it was decided to exclude such studies 

with regard to evidence demonstrating that cortisol is a rather invalid indicator of fear as op-

posed to e.g. self-report measures (Alpers, Abelson, Wilhelm, & Roth, 2003; Kellner, 

Wiedemann, Yassouridis, & Muhtz, 2012).  

 

3.1.4 Operationalization of Treatment Outcome  

 Fourth, the particular process variable was required to be correlated with a reasonable 

measure of treatment outcome. Ideally, this was a pre-post difference score concerning either 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Reactivity refers to all measures reflecting a change (generally concerning fear or anxiety) relative to a baseline 
measurement. 
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self-report ratings or external ratings on standardized symptom scales. However, also physio-

logical operationalizations of treatment outcome (such as heart rate or skin conductance 

measured posttreatment during another confrontation with the feared stimulus or situation) 

were accepted, as well as the above-mentioned parameters from a BAT. In the initial search, 

no difference was made concerning whether process variables were correlated with pre-post 

difference scores or raw post-scores. As described in detail in section 4.1.1, however, a strict-

er criterion was applied subsequently.  

Importantly, studies using the degree of return of fear as a definition of outcome were 

excluded due to the fact that return of fear is rather not dependent on the three process varia-

bles suggested by Foa and Kozak (1986), but instead on the variability of the situations se-

lected for exposure exercises (e.g. Bouton, 2002; Mineka et al., 1999). With respect to BSH, 

it was also required that BSH was not merely operationalized as the pre-post difference score 

concerning symptom severity, in order to avoid tautological conclusions. 

 

3.1.5 Study Design and Available Information 

 Finally, there were certain prerequisites concerning the studies’ design and the extent 

to which important information was retrievable. First, it was required that the text include a 

sufficiently precise description of how and when exactly process variables were measured, in 

order to be able to assess whether the operationalization applied by the authors was in line 

with the one derived from Foa and Kozak’s (1986) theory. Furthermore, it was an absolute 

requirement that the text include sufficient information to calculate each effect size’s weight 

for the meta-analysis, i.e. either the exact N this effect size was based on or the corresponding 

p value (since under certain circumstances, the latter suffices to infer the sample size). In or-

der to find as many studies as possible, the mininum sample size was set at the rather low 

value of 5. As implied by this decision, case studies were basically excluded.  

Moreover, it was decided not to include studies that only conducted group compari-

sons, dichotomizing for instance high versus low IFA and then exploring which group experi-

enced the greatest improvements. Theoretically, it would have been possible to transform t 

values into correlation coefficients, however, this would have had two major shortcomings: 

First, a large amount of informative data is lost when artificially dichotomizing a continuous 

variable, and second, this would have created the undesirable statistical consequence of the 

effect size depending on the cutoff value chosen for dichotomization, whose choice may de-

pend on the authors’ wish to minimize or maximize the t value.  
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3.2 Literature Search 

The search for literature comprised four successive steps, starting with a keyword-

based search in established databases (PsycINFO, PSYNDEX, PsycARTICLES, ERIC, and 

PubMed). This step was followed by a reverse search on the basis of the review by Craske et 

al. (2008) and the chapter by Crits-Christoph et al. (2013), i.e. by checking all the studies 

which subsequently cited these two documents. The next step involved searching the refer-

ence lists of all 18 articles6 included until then. Finally, the search was amended by written 

correspondence with authors of studies that met most inclusion criteria, but either lacked cru-

cial statistical information or were not accessible via the internet or the university library (e.g. 

dissertations). All of the following steps are described in more detail in the following sec-

tions. Moreover, Figure 1 schematically displays the search process and the results optained 

by each step in detail.  

 

3.2.1 General Search Strategy 

 All documents yielded by the various search steps were examined in several hierar-

chical steps. First, the abstracts of all documents (journal articles, dissertations, and books) 

were screened for keywords and phrases suggesting that the link between one of the three 

process variables and treatment outcome had been investigated. With respect to books, atten-

tion was directed to any cues suggesting that the particular book might contain unpublished 

research findings. If the abstract included any such hint, the full text was examined7, whereas 

special attention was paid to the Methods and Results sections and, in particular, to the tables 

presented there. Additionally, the full text (which was a PDF document in most cases) was 

screened by means of searching certain keywords, such as “correlat”, “emotional process”, 

“predict”, “fear activation”, “within-session”, and “between-session”. Documents including 

correlation coefficients that seemed appropriate at least at first sight were then selected for 

closer examination. The final step involved eventually deciding about whether or not to in-

clude the particular document in the meta-analysis and comprised the thorough scrutiny of 

that document. If a document seemed appropriate but lacked central pieces of information, it 

was considered to contact its authors via written correspondence.  

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 Note that this number includes three studies that were subsequently excluded for reasons described in section 
4.1.1. 
7 Promising journal articles and books that were not available online were obtained via intralibrary loan.  
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Figure 1. Flowchart displaying the literature search process. For each of the six steps, the number of search 
results is listed, followed by the number of studies selected for closer examination and/or for written correspond-
ence with the study authors. Finally, each box lists the number of studies that were eventually included in the 
meta-analysis. Note that this last number does not include studies that initially met most inclusion criteria but 
were subsequently excluded according to certain exclusion criteria (see section 4.1.1). The numbers given in 
brackets refer to the numbers assigned to the included studies (see Table 3, first column) and are meant to indi-
cate which studies were found by means of which search step. Also note that the step labeled Reverse Search 
summarizes the reverse searches performed on the basis of both the review article by Craske et al. (2008) and the 
book chapter by Crits-Christoph et al. (2013), as the latter was only cited by four subsequently published arti-
cles, none of which could be included in the meta-analysis.  
 

 

3.2.2 Keyword-Based Search in Databases 

 The keyword-based literature search was conducted between November 2013 and 

February 2014 and applied the search terms presented in Appendix A. The major part of this 

search step was performed with the help of EBSCO, an aggregator making it possible to 

search several databases at once. For this meta-analysis, the databases PsycINFO,            

EBSCO	  

• 2004	  results	  in	  total	  
• 1867	  results	  
excluding	  duplicates	  
• 105	  documents	  
selected	  for	  closer	  
examination	  
• 8	  journal	  articles	  
and	  4	  dissertations	  
selected	  for	  
correspondence	  
• 17	  journal	  articles	  
and	  1	  dissertation	  
included	  	  (1-‐8,	  
10-‐16,	  20-‐22)	  

ERIC	  

• 202	  results	  
• 4	  journal	  articles	  
selected	  for	  closer	  
examination	  
• 2	  journal	  articles	  
selected	  for	  
correspondence	  
• 1	  additional	  journal	  
article	  included	  (17)	  

PubMed	  

• 230	  results	  
• 2	  journal	  articles	  	  
selected	  for	  closer	  
examination	  
• No	  additional	  
journal	  article	  
included	  or	  selected	  
for	  correspondence	  

Reverse	  Search	  

• 226	  results	  
• 10	  journal	  articles	  	  
selected	  for	  closer	  
examination	  
• 1	  journal	  article	  
selected	  for	  
correspondence	  
• 1	  additional	  journal	  
article	  included	  (9)	  

Search	  in	  Reference	  
Lists	  

• Reference	  lists	  of	  all	  
previously	  included	  
documents	  were	  
searched	  	  
• 32	  journal	  articles	  	  
selected	  for	  closer	  
examination	  
• 2	  journal	  articles	  	  
selected	  for	  
correspondence	  
• 2	  additional	  journal	  
articles	  included	  	  
(18,19)	  

Correspondence	  with	  
Authors	  

• 13	  authors	  of	  13	  
journal	  articles	  and	  
4	  dissertations	  
selected	  for	  written	  
correspondence	  
• 12	  authors	  of	  13	  
journal	  articles	  and	  
3	  dissertations	  
contacted	  online	  
• No	  relevant	  answers	  
obtained	  
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PSYNDEX, and PsycARTICLES were selected, and dissertations and books were included in 

addition to journal articles. The search mode applied was the Boolean value. In an effort to 

check whether adding the operators “electrodermal activity" and “EDA“ (as synonyms for 

“skin conductance“) yields any additional hits, the search term used for the EBSCO databases 

and the     ERIC8 database (searched especially for the purpose of finding unpublished, “grey” 

literature) was supplemented by these two operators. However, this modified search term nei-

ther yielded any further hits nor documents selected for closer examination, so that the search 

results reported in Figure 1 all refer to the original search term excluding these two operators. 

Accordingly, Appendix A only displays this original search term.  

 In addition to these search steps, an exploratory search was performed with the help of 

the database PubMed in order to estimate the possibility of finding a study not yet found in 

the other databases. As the original search term yielded more than 3000 results in PubMed, 

however, a reduced search term (see Appendix A) was applied, which was predominantly 

made up by operators that had produced the most hits in the other databases. Importantly, the 

results yielded by this search largely overlapped with those found by means of the other data-

bases, and no additional studies were included. 

 

3.2.3 Reverse Search and Search in Reference Lists 

 The next search step, termed reverse search, dealt only with the two documents that 

gave the impetus for this meta-analysis (Craske et al., 2008; Crits-Christoph et al., 2013). By 

means of the search engine Google scholar, it was investigated which subsequently published 

journal articles, studies or books have since cited these two documents. Next, the reference 

lists of these two documents as well as of the previously included documents were searched, 

whereas this search was guided by the context within which these references appeared in the 

text. These results were then screened and examined the same way as all previous ones.  

  

3.2.4 Written Correspondence With Study Authors 

 In a final step, the authors of 13 journal articles and four dissertations found by means 

of one of the preceding search steps were contacted if the particular document appeared to 

meet most inclusion criteria while lacking certain pieces of information necessary for being 

included in the meta-analysis. In order to be selected for correspondence, documents had to 

meet two further criteria. First, they had to be published in the year 2003 or later, based on the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 This is an abbreviation for “Education Resources Information Center“. 
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guideline supported by various international research associations to file research findings for 

ten years before discarding the data. Second, it was required that the link between one of the 

three process variables and outcome to exposure treatment had been investigated directly, 

whereas mere hints that one of these variables had been measured were not regarded as suffi-

cient. In the great majority of cases, the documents meeting these criteria (listed in Table 1) 

reported multiple regression analyses involving one or more of the three process variables as 

predictors of treatment outcome, whereas the corresponding (partial) correlation coefficients 

were missing and the conditions necessary for interpreting the standardized regression coeffi-

cients as correlation coefficients were not fulfilled. In two further cases, a number of correla-

tion coefficients had been computed, but the particular correlations relevant for this meta-

analysis were missing, either because only the intercorrelations of the three process variables 

were being reported (Baker et al., 2010) or because only the highest correlation coefficient 

was being reported without clearly indicating which outcome variable it referred to (Epstein 

et al., 2005). In addition, the authors of three dissertations were contacted because the ab-

stracts suggested that the text might include the desired sort of correlation coefficients. In one 

case, however, it was impossible to contact the author of the dissertation (Amy Rubenstein), 

since there was no contact information available. 

 In all cases except for one, the authors were contacted via email, whereas Jasper A. J. 

Smits was contacted via researchgate (www.researchgate.net), a social network for scientists 

of all disciplines, for his email address appeared to be no longer valid. In general, the authors 

were kindly asked to provide the required correlation coefficients or, in terms of dissertations, 

to either provide the data required for this meta-analysis or to provide a PDF version of their 

dissertation via email. All messages were sent in the last week of February, 2014, and the 

authors were asked to, if possible, provide the necessary data until April 4th. Unfortunately, 

this final search step did not lead to the inclusion of any further document, as none of the au-

thors eventually provided the information asked for (although some of them actually an-

swered signalizing that it probably would be difficult to access the data). Appendix B shows 

two examples of such an email, one referring to a journal article and one asking for additional 

information on a dissertation. For an overview of the studies and dissertations affected by this 

search step, please address Table 1. 
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Table 1 

Studies and Dissertations Selected for Written Correspondence 

Reference Reason for  
correspondence 

Author  
contacted 

Baker, Mystkowski, Culver, Mortazavi, and Craske (2010) Incomplete data A. S. Baker 

Berry, Rosenfield, and Smits (2009) Regression computed A. J. Smits 

Culver, Stoyanova, and Craske (2012) Regression computed N. J. Culver 

Epstein, Sloan, and Marx (2005) Incomplete Data D. Sloan 

Gleiser (2003) Abstract of dissertation K. A. Gleiser 

S. A. Hayes (2008) Abstract of dissertation S. A. Hayes 

S. A. Hayes, Hope, and Heimberg (2008) Regression computed S. A. Hayes 

Hedtke, Kendall, and Tiwari (2009) Regression computed P. C. Kendall 

Kiehl (2011) Abstract of dissertation M. Kiehl 

Kircanski et al. (2012) Regression computed K. Kircanski 

Kircanski, Wu, and Piacentini (2014) Regression computed K. Kircanski 

Meuret, Seidel, Rosenfield, Hofmann, and Rosenfield (2012) Regression computed A. E. Meuret 

Norton, Hayes-Skelton, and Klenck (2011) Regression computed P. J. Norton 

Rubenstein (2004) Abstract of dissertation No contact 
information 

D. Sloan, Marx, Epstein, and Lexington (2007) Regression computed D. Sloan 

Smits, Rosenfield, McDonald, and Telch (2006) Regression computed A. J. Smits 

Telch et al. (2004) Regression computed M. J. Telch 
 
Note. “Incomplete data” refers to the case that all necessary variables have obviously been measured, but rele-
vant correlations are not being sufficiently reported. “Regression computed” indicates that the study includes 
multiple regression analyses for predicting treatment outcome by means of the relevant process variables, 
whereas correlations are missing. “Abstract of dissertation” describes the case that the abtracts of dissertations 
(which were not otherwise available) included keywords suggesting that relevant correlations may have been 
computed. 
 

   

3.3 Development of Coding Sheet and Coding Guide 

 To facilitate the coding of the included studies, a detailed coding sheet (see Appendix 

C) was created, which lists all variables in the data set and (for categorical variables) the cor-

responding factor levels along with the abbreviated codes used for data analyses (with the 

latter printed in green italics). In addition, Appendix D displays the coding guide, which gives 

further information on the definitions of the various factor levels. In order not to overlook any 

information which later might turn out to be crucial, studies were coded very broadly, i.e. the 

coding sheet includes far more variables than were eventually investigated in the moderator 
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analysis. However, a number of variables (especially a number of treatment characteristics) 

were also deliberately chosen fur the purpose of giving a detailed description of all the in-

cluded studies. The actual coding process then involved extracting all correlation coefficients 

fulfilling the inclusion criteria from each of the included studies, listing each of these effect 

sizes in a separate row and then coding each row according to the variables defined by the 

coding sheet. 

 Generally speaking, the coding sheet was made up by 12 different sections, beginning 

with general characteristics (such as year of publication and design of the study) and followed 

by sample and treatment characteristics. The next three sections were dedicated to the details 

concerning the measures applied to the three process variables, followed by two sections deal-

ing with the characteristics of the outcome measures and details about the correlations com-

puted, respectively. The last three sections included the results themselves, three different 

measures of potential bias (purity of exposure treatment, degree of overlap between process 

and outcome measure, and estimated amount of outcome reporting bias). The last section 

dealt with a composite measure of studies’ overall quality and validity in the light of the main 

research questions of this meta-analysis, which was termed study quality for reasons of sim-

plicity. In the course of data analysis, another small section was added with respect to the ag-

gregated data set that was created for certain analyses addressing publication bias (see section 

4.5.1). For economic reasons, the following text will only deal with the variables to be exam-

ined concerning their moderating role in line with the research questions (see section 2.6.1.) 

 

3.3.1 Sample Characteristics  

 The first moderating variable belonging to this category was the type of sample, ap-

plying the two labels clinical and subclinical. The second variable was the category of diag-

nosis, whereas this generally referred to the primary diagnosis only (the degree of comorbidi-

ty was coded, too, but not subject to further analyses due to a high number of missing values). 

Three factor levels were chosen for this variable: simple (including simple phobias and agora-

phobia), complex (referring to all other anxiety disorders, PTSD, ASD and OCD) and subclin-

ical (to represent subclinical phenomena such as fear of spiders). The distinction between 

simple and complex was made with regard to both the assumptions by Foa and Kozak (1986) 

and the idea that specific phobias are comparably easy to treat with behavioral therapy as 

compared with more complex disorders such as OCD, PTSD, or GAD, taking into account for 

instance the high effectiveness of one-session treatment for specific phobias (Zlomke & Da-

vis, 2008), which has not been reported for other anxiety disorders. Agoraphobia, meanwhile, 
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was subsumed under this label because this sort of disorder may be conceptualized as a sort of 

generalized situational phobia. As only one study (Roth, Telch, Taylor, & Agras, 2004) dealt 

with a sample exhibiting agoraphobia with panic attacks and since in that study agoraphobia 

was conceptualized as the primary diagnosis, it was decided to also assign this study the label 

simple in order to avoid confusion. In this context, however, it is worthwhile mentioninig that 

until the 1980s, behavioral therapy mainly dealt with phobias and OCD, while hardly focus-

ing directly on panic attacks, which of course often co-occurred with agoraphobia (Schneider 

& Margraf, 1998). 

 

3.3.2 Treatment Characteristics  

 This category first of all included as a variable the sort of exposure treatment applied 

in the particular study, whereas the coding sheet differentiated between in vivo exposure, im-

aginal exposure, the combination of both in vivo and imaginal exposure, exposure in virtual 

reality, and WED. The second moderating variable belonging to treatment characteristics was 

the total duration of exposure treatment, whereas total time was calculated by multiplying the 

(average) duration of a single session with the (average) number of sessions. Based on the 

total number of hours, four different labels were assigned, beginning with short (if total expo-

sure time was less than one hour), medium (between one hour and five hours), long (between 

five and 15 hours) and very long (more than 15 hours). Finally, this category comprised the 

purity of exposure treatment, whereas the factor levels introduced here were high, medium 

and low, depending on the extent to which the exposure treatment was amended by further 

elements such as cognitive restructuring, relaxation or psychoactive medication. Importantly, 

WED was assigned the label medium for the reasons described in section 2.1.3. Please see the 

coding guide in Appendix D (section 10.01) for a detailed definition of the three factor levels.  

 

3.3.3 Operationalization of Process and Outcome Variables 

 Concerning the operationalization of the process measure, three categories were dis-

tinguished: self-report (meaning self-ratings of fear or anxiety, e.g. by using the SUDs scale 

developed by Wolpe, 1969), physiological (heart rate or skin conductance), and external rat-

ing (referring to fear ratings by the therapist or independent assessors). In terms of the applied 

outcome measures, the identical labels were used, along with two further labels called compo-

site (meaning measures that were e.g. composed of both self-ratings and external ratings) and 

BAT. This latter label was introduced to account for certain parameters of behavioral approach 

tests, whereas self-report ratings of fear during such a BAT were coded as self-report and not 
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as BAT. Also, it is important to note that in the context of outcome measures, self-report was 

used to refer both to specific questionnaires and to self-ratings of anxiety during a BAT.  

 Moreover, a variable subsumed hereunder is the time of measurement concerning IFA, 

whereas five different labels were chosen: first, second, later (i.e. measured during the first, 

second or a later exposure session), outside (referring to measures of IFA made outside the 

actual treatment situation), and average (for the case that IFA was computed as an average 

across various sessions). The last variable belonging to this category was the degree of over-

lap between process measure and outcome measure concerning each effect size. This variable 

was designed to distinguish between high, medium, and low overlap, whereas the detailed 

definitions of each factor level are given in the coding guide (Appendix D, section 10.02).  

 

3.3.4 Outcome Reporting Bias 

 This last moderating variable was designed to account for the varying extent to which 

outcome reporting bias (i.e. selective reporting of certain effect sizes at the expense of others, 

cf. Sterne, Egger, & Moher, 2008) was evident in the studies included, since this was regard-

ed as a potential source of bias and as an important indicator of study quality. The three factor 

levels chosen were clearly evident (used for the case that there was firm evidence that rele-

vant correlation coefficients had been omitted), possible (representing the case that the way 

results were reported raised at least some suspicion concerning selective reporting), and none 

(in case no such suspicion was justified). Please see Appendix D (section 10.03) for a more 

detailed description of these three labels and section 3.4.4 for a general discussion of outcome 

reporting bias.  

 

3.3.5 Study Quality 

 This composite scale was developed in order to operationalize the studies’ quality both 

concerning established quality criteria and with respect to the major research question of this 

meta-analysis, i.e. the size of the mean correlation between the three process variables sug-

gested by Foa and Kozak (1986) and outcome to exposure therapy. Thus, this scale was large-

ly designed to reflect the studies’ validity and fit in terms of what emotional processing theory 

has been formulated for. The scale was composed of eight categorical variables from the data 

set, of which one variable only applied to IFA. Due to the fact that four of the eight variables 

were characterized by three factor levels each, variables were assigned values between 1 and 

3, with 3 indicating the highest degree of validity. In order to ensure that each variable receive 

the same weight, the variables with only two factor levels were also assigned the labels 1 and 
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3. Taken together, the sum score of this scale varied between 8 and 24 in terms of IFA and 

between 7 and 21 with regard to WSH and BSH. Importantly, even though the scale was 

termed study quality, its values may vary within studies, as some of the eight variables it is 

assembled of need not necessarily assume identical values for all the data points extracted 

from a single study. Thus, this scale rather reflects the validity of the particular effect size, 

however, the term study quality was maintained for reasons of simplicity. The following par-

agraphs deal with these eight variables in more detail. 

 Sort of publication. The first variable referred to a standard criterion of quality, i.e.  

to whether the results were derived from a peer-reviewed journal article (coded as 3) or from 

a dissertation or book chapter (coded as 1), both of which are not subject to as many control 

mechanisms as journal articles. 

 Sample. Studies reporting on subclinical samples were coded as 1, whereas clinical 

samles received the label 3. This was done based on the argument that Foa and Kozak’s 

(1986) theory deals with pathological as opposed to non-pathological fear structures, so that a 

study dealing with a clinical sample exhibits higher validity in terms of EPT.  

 Purity of exposure treatment. Foa and Kozaks’s (1986) theory of emotional pro-

cessing is supposed to explain how pure exposure therapy works, i.e. a treatment character-

ized by repeated confrontation with the same feared stimulus or situation, excluding any other 

elements such as cognitive restructuring or medication. Therefore, studies employing this 

pure sort of exposure treatment were seen as more appropriate for testing predictions derived 

from EPT, so that high purity was coded as 3, medium purity as 2, and low purity as 1.  

 Time of measurement. This variable only applies to IFA and was included because 

following Foa and Kozak (1986), initial fear activation is best measured at the very beginning 

of exposure treatment, so that studies using this operationalization were coded as 3, whereas 

studies measuring IFA outside the actual treatment situation (i.e. pretreatment) were coded as 

1. Meanwhile, studies measuring IFA within treatment, either doing so in a later session or by 

computing an average across sessions, were coded as 2.  

 Operationalization of outcome. Based on Foa and Kozak’s (1986) line of argumenta-

tion that outcome to exposure treatment is best defined as broadly as possible, e.g. as a change 

concerning various symptoms, studies using this definition were coded as 3, whereas studies 

employing physiological operationalizations of outome (such as reductions concerning heart 

rate while being confronted with the feared stimulus) were coded as 1, since this definition is 

highly specific and generally uncommon in studies investigating treatment efficacy. As pa-

rameters derived from a BAT (number of steps completed, self-ratings of fear during the 
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BAT) can be seen as an intermediate category (for they do not directly reflect symptom re-

ductions, but are still closer to the concept of therapeutic change than physiological parame-

ters), such studies were coded as 2. 

 Results. This heading is used to summarize two variables relevant with respect to 

general study quality. First, it was taken into account whether process variables were correlat-

ed with pre-post-difference scores or with post-scores from which the pre-scores had been 

partialled out. Since the first option was regarded as the trustworthier one (and as the one that 

is much more common in psychotherapy outcome research), the corresponding studies were 

coded as 3, while those employing post-scores were coded as 1. A similar procedure was ap-

plied to whether the correlation was computed only across participants treated with exposure 

(coded as 3) or across a sample that included patients not at all treated with exposure, which is 

sometimes the case in outcome studies comparing several active treatments, such as medica-

tion and exposure. This latter possibility was coded as 1. 

 Outcome reporting bias. The last ingredient of the study quality scale was the 

amount of outcome reporting bias, reflecting another indicator of general study quality. Here, 

studies exhibiting clearly evident outcome reporting bias were coded as 1, followed by those 

at least raising some suspicion (coded as 2) and those with no visible bias (coded 3). 

  

3.4 Data Analysis   

3.4.1 Software and Analytic Method 

All subsequent analyses were performed with the help of various packages for the sta-

tistical software R and dealt with a reduced data set, from which irrelevant variables had been 

removed for reasons of simplicity and clarity. Instead of performing the analyses on the raw 

correlation coefficients retrieved from the included studies, all values were transformed to the 

Fisher’s z scale prior to data analysis for the purpose of producing values whose variance is 

independent from the value of the estimate itself, as is the case with correlation coefficients 

(Borenstein et al., 2009). Besides, all analyses employed an alpha value of 5 %.   

In the light of the heterogenous results concerning the correlation between the three 

process variables and treatment outcome as evident from the literature reviewed (especially 

with respect to the sort of measure), it was decided a priori to compute random-effects models 

in all three cases. The important difference between such a random-effects model and a fixed-

effects model is that while in the first “a single effect (…) is assumed to be common to every 

study” (Borenstein et al., 2009, p. 85), the latter implies the assumption of a distribution of 

effects, whose mean is being estimated. Therefore, in a random-effects model, the computa-
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tion of the study weights includes the variance between studies (τ2)9 in addition to the vari-

ance within studies (vi), which influences all point estimates to an extent proportional to the 

amount of between-study variance.  

 The major challenge posed with respect to the statistical data analysis was the complex 

data structure due to the fact that a varying number of effect sizes (referred to as data points 

from now on) were extracted from the various studies, leading to statistical dependencies 

within the data. One well-established option for dealing with these dependencies would have 

been to compute aggregated values for those studies with more than one data point, by simply 

calculating an arithmetic mean per study. In fact, such an aggregated data set was created, 

however, all major data analyses were based on the original (i.e. non-aggregated) data set. 

This decision was made for two main reasons. First, the aggregated data set would have im-

plied an enormous loss of information, especially concerning moderating variables that large-

ly varied within studies (such as the process and outcome measure applied). Second, the use 

of the larger original data set involved higher statistical power as compared with the aggregat-

ed one. 

 In order to take account of this data structure, all analyses except for those dealing 

with publication bias were performed by means of the just recently developed R package 

robumeta (Fisher & Tipton, 2014), which takes into account the above-mentioned statistical 

dependencies and applies the necessary adjustments to the data output. The set of algorithms 

suggested by Fisher and Tipton (n.d.), referred to as robust variance estimation (RVE), is 

largely based on the article by Tipton (in press) and on the preceding work by Hedges, Tip-

ton, and Johnson (2010), who were the first to offer a procedure making it possible to com-

pute “valid standard errors, point estimates, confidence intervals, and significance tests” 

(Fisher & Tipton, n.d., p. 2) for the case that effect sizes are not independent from each other, 

as is the case when various effect sizes are retrieved from a single study dealing with the same 

sample. Thus, the key element of this procedure is the adjustment of the standard errors of the 

intercept and the regression coefficients, which are corrected to assume higher values than in 

an equivalent analysis treating all data points as independent values.  

Importantly, robumeta does not require any knowledge of the true covariation of effect 

sizes within a study. Instead, this parameter (referred to as ρ or rho) is set to a certain value in 

all analyses, whereas the default value is 0.8 (thus, a very high correlation). This default value 

was applied to all analyses subsequently reported, whereas the impact of the values set for 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Please see section 3.4.2 for a detailed explanation of this statistic. 
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this parameter will also be examined in the course of a sensitivity analysis as suggested by 

Fisher and Tipton (n.d.). Based on this procedure, the models reported in the next section are 

referred to as Correlated Effects models. What is new in robumeta is the additional adjust-

ments for the case that a meta-analysis is made up by only a small number of studies (see also 

Tipton, in press). These “small-sample adjustments“ (Fisher & Tipton, n.d., p. 5) involve cor-

rections affecting the covariance structure and the degrees of freedom, the latter of which typ-

ically results in non-integer estimates. According to Fisher and Tipton (n.d.), these small- 

sample adjustments are of particular importance for meta-regressions performed on a sample 

of less than 40 studies. As this was the case for all of the three process variables, the small-

sample adjustments were applied to all analyses subsequently reported.  

 

3.4.2 Heterogeneity 

Another important topic to be addressed in the light of the a priori defined moderating 

variables is heterogeneity, for which three different statistics shall be briefly described. First 

of all, τ2 was computed as a statistic that represents an estimate of  “the variance of the effect 

size parameters across the population of studies”10 (Borenstein et al., p. 72), whereas it uses 

the same metric as the effect size itself, which facilitates its interpretation. Importantly, in a 

Correlated Effects model, τ2 reflects the variance between studies, not the variance between 

data points. The second statistic, termed I2, represents the percentage of variation due to true 

heterogeneity between studies (i.e. τ2) in relation to the total variation. Hence, I2 constitutes a 

sort of “signal-to noise ratio” (Borenstein et al., 2009, p. 117). Its disadvantage, however, lies 

in the fact that it depends on both the variation within and between studies, so that it has to be 

interpreted with caution (Borenstein et al., 2009).  

The third statistic, Q, is also sometimes referred to as weighted residual sum of 

squares, as its calculation includes each effect size’s deviation from a fixed mean effect size 

(Fisher & Tipton, n.d.). As such, it has got the great advantage of being based on a standard-

ized scale, thus offering the possibility of testing its significance by means of a chi-square 

test. Its disadvantage, however, is that it largely depends on the number of studies, which is 

why its power is limited when the number of studies is small. Thus, while a non-significant Q 

value should not be taken as evidence for a consistent (i.e. fixed) effect size, a significant Q 

value can actually be interpreted as evidence that effect sizes do vary across studies (Boren-

stein et al., 2009). In order to assess whether a random-effects model is appropriate and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 Please note that τ2  is used in this whole text to refer to the sample estimate of the corresponding parameter, 
not to the parameter itself.  
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whether a moderator analysis is justified, all three statistics were combined to arrive at a rea-

sonable conclusion. 

 

3.4.3 Moderator Analysis 

Based on the research questions formulated in section 2.6.1, ten variables were exam-

ined concerning their moderating influence on the effect size, i.e. the Fisher-transformed cor-

relation coefficients. Ideally, this procedure would have involved the stepwise selection of 

models based on fit indices such as AIC or BIC, in order to arrive at a model that reflects the 

best compromise between precision and economy. However, such a stepwise selection ap-

proach is not implemented in robumeta (Fisher & Tipton, 2014), which is the only package 

that makes it possible to control for dependencies in the data. Therefore, in an effort to ap-

proximate the procedure applied in classical stepwise selection, model selection was imple-

mented by starting with an unconstrained model including all of the ten predictors and then 

discarding in each following step the predictor with the highest p value. This stepwise selec-

tion was stopped when all remaining predictors exhibited a p value smaller than 0.05. Hence, 

this moderator analysis can be best described as exploratory, since there have not been formu-

lated any precise hypotheses in advance.  

With respect to the estimation of R2, it is important to note that this figure was com-

puted in a way different from that applied in classical regression because the moderators only 

address the between-study variance (τ2) while leaving the within-study variances (vi) unaf-

fected. Therefore, an adjusted formula was used, producing a ratio of the amount of between-

study variance explained by the set of moderating variables and the total amount of between-

study variance evident in the intercept-only model (Borenstein et al., 2009).  

In an effort to maximize statistical power, all moderators except for study quality 

(which is a numerical variable and therefore not listed in Table 2) were dichotomized and 

dummy-coded if originally they comprised more than two factor levels. All moderators and 

their factor levels are listed in Table 2. For all moderator analyses, the first factor level of 

each variable was used as reference category. 
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Table 2 

Factor Levels of Dichotomized Moderating Variables  

Moderator First factor level Second factor level 

Sample Clinical Subclinical 

Sort of exposure treatment Classical (in vivo/in sensu) Non-classical (VR/WED) 

Purity of exposure treatment Low (low/medium) High 

Duration of exposure treatment Short (short/medium) Long (long/very long) 

Diagnosis Complex Simple (simple/subclinical) 

Time of measurement First session Outside treatment situation 

Process measure Rating (self/external) Physiological (HR/SC) 

Outcome measure Rating (self/external/BAT) Physiological (HR/SC) 

Degree of overlap High (high/medium) Low 

 
Note. VR = virtual reality, WED = written emotional disclosure, HR = heart rate, SC = skin conductance. 
 
 

 In the course of dichotomization, sort of exposure treatment was divided into the two 

categories classical (comprising in vivo and imaginal exposure) and non-classical (including 

exposure in virtual reality and WED). Note that the initially planned comparison between in 

vivo and imaginal exposure was not possible, as only a small minority of studies employed 

pure forms of either sort. Concerning purity of exposure treatment, the factor levels low and 

medium were summarized to low, as there was only one study that was assigned the label low. 

In terms of duration of treatment, the levels short and medium were summarized to short, and 

the levels long and very long were summarized to long. With respect to diagnosis, the factor 

levels simple and subclinical were summarized to simple. Concerning process measure and 

outcome measure, the factor levels self-report, external rating and BAT were summarized to 

rating in order to distinguish them from the two physiological measures (heart rate and skin 

conductance). With regard to degree of overlap, meanwhile, the factor levels high and medi-

um were summarized because the most relevant question was whether the effect size depends 

on whether process and outcome measure belong to same category (which is the case for all 

factor levels except low).  

 

3.4.4 Reporting Bias 

The key idea behind addressing the issue of reporting bias was that the weighted mean 

effect may reflect an overestimation due to the fact that studies or data points with effect sizes 

close to zero are missing because they are less likely to be published - which is particularly 
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the case if these are based on small sample sizes (Borenstein et a., 2009). In an effort to pre-

vent such bias from the start, the literature search for this master thesis included the search for 

dissertations, which form a major part of the so-called “grey” literature. Neither was the 

search for literature restricted to any particular languages, so that a small number of studies 

written in languages other than German and English were also subject to screening (mostly 

comprising articles written in Spanish and French). All articles not using one of these four 

languages were assessed on the basis of their English abstracts, so that in sum, no article had 

to be excluded due to insufficient understanding. Consequently, it seems reasonable to con-

clude that any systematic language bias can be ruled out. 

 Thus, the following analyses will deal with two different forms of reporting bias as 

defined by Sterne et al. (2008, p. 298), which are publication bias (the dependency of publica-

tion on the nature of the results) and outcome reporting bias (the fact that within a single 

study, certain results are being omitted, mostly due to non-significance). The latter type of 

bias is also commonly known as selective reporting. Whereas the issue of publication bias has 

received a lot of attention in meta-analytic research, outcome reporting bias has long been 

neglected, even though it has been demonstrated to constitute a severe problem concerning 

the conclusions drawn from meta-analyses and systematic reviews (Kirkham et al., 2010).  

The question whether the three meta-analyses are affected by publication bias was in-

vestigated in two steps. First, a graphic approach was made by examining the corresponding 

funnel plots for each of the three process variables. In a funnel plot, the effect size (here, the 

Fisher’s z transformed correlation coefficients) are plotted on the horizontal axis, while the 

vertical axis lists a statistic that reflects the sample size of the study. Here, the standard error 

was used for graphical reasons, as it allows to display the smaller studies at the bottom of the 

plot, which seems more intuitive and makes it easier to assess asymmetry (Borenstein et al., 

2009). Thus, the funnel plot offers a graphical test of whether small studies (i.e. such with 

large standard errors) are missing or underrepresented in the meta-analysis. The logic behind 

this is that small studies reporting insignificant results are less likely to be published than 

studies of equal size reporting significant results, so that in the case of publication bias the 

bottom-left part of the funnel is underrepresented, leading to obvious asymmetry. 

 In contrast to all other analyses, funnel plots were created on the basis of aggregated 

values, i.e. on a data set containing only one value per study and per process variable. These 

values were computed as the arithmetic means of all correlation coefficients extracted from a 

study and then subject to a random-effects meta-analysis using the R package metafor  

(Viechtbauer, 2010). This aggregation process was performed in order to preclude potential 
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adverse effects due to the fact that studies varied largely concerning the number of data points 

included – a circumstance for which metafor does not offer any control tools (in contrast to 

robumeta, which, however, does not offer the possibility of creating funnel plots). Second, the 

funnel plot is used to make statements about whether whole studies are missing, which is why 

the aggregated values appeared more appropriate than the original ones. In a second step, the 

degree of funnel plot asymmetry was tested with the help of the Egger test (Egger, Smith, 

Schneider, & Minder, 1997; Harbord, Egger, & Sterne, 2006), which is a linear regression test 

used to assess the degree of funnel plot asymmetry. 

The question concerning individual data points, meanwhile, was addressed with re-

spect to outcome reporting bias. As to the author’s knowledge there does not exist any estab-

lished method of addressing this topic in a meta-analysis, the influence of selective reporting 

on the results of this meta-analysis was examined in two ways. The first step involved exam-

ining the total weight made up by studies with clearly evident outcome reporting bias. As this 

assessment would have been difficult by means of the forest plots shown in Figures 2 to 4 

(due to the fact that they do not offer direct information on the weight of a whole study as 

opposed to a single data point), this analysis was done with the help of forest plots based on 

the aggregated data. These were ordered according to the relative weights of the aggregated 

effect sizes for purposes of better visualization (see Appendix K). In an effort to provide a 

measure of the total weight assigned to such studies, their relative weights were summed sep-

arately for each process variable in order to arrive at a figure that can be interpreted as the 

percentage of effect sizes (in each meta-analysis) that bear some risk of overestimation due to 

unreported results. Of course, the nature of this statistic is purely descriptive. 

The second step consisted of investigating the direct influence of the degree of out-

come reporting bias on the effect size through another meta-regressional model. The logic 

behind this was that if selective reporting leads to the omission of insignificant results close to 

zero, studies without clearly evident bias should on average report smaller effect sizes – an 

effect that has for instance been demonstrated by Furukawa, Watanabe, Omori, Montori, and 

Guyatt (2007). This model was again based on the original data set and was computed with 

robumeta (Fisher & Tipton, 2014) in order to maximize power. For the same reason, the addi-

tional moderating variable outcome reporting bias was dichotomized, whereas the factor lev-

els none and possible were summarized, which is in line with the previous line of argumenta-

tion that emphasized the level clearly evident in contrast to the other two. Therefore, clearly 

evident was also the factor level used as reference category. 
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3.4.5 Power Analysis 

Prior to literature search, a power analysis was conducted in order to estimate the pos-

sibility of finding a correlational effect of a particular size. The effect sizes listed by Crits-

Christoph et al. (2013, pp. 309 ff.) served as an orientation guide concerning the size of the 

correlation coefficient and the sample size to be expected. The values used in the power anal-

ysis were obtained via calculating unweighted arithmetic means from the data provided by 

Crits-Christoph et al., whereas all values were deliberately rounded down in order to ensure a 

conservative estimation. Thus for IFA, an effect size of r = .30 and a sample size of N = 25 

(per study) were set for the power analysis (values based on Crits-Christoph et al.: r = .37 and 

N = 29). With regard to WSH and BSH, the corresponding values were r = .35 and N = 28 

(values based on Crits-Christoph et al.: r = .44, N = 28, and r = .41, N = 43, respectively). The 

number of studies expected to be found was set to 10 in terms of WSH and BSH and to 20 

with respect to IFA, which roughly reflects the ratio evident in the data presented by Crits-

Christoph et al. To assure a conservative estimation, the power analysis thus dealt with the 

number of studies and not with the number of individual data points, which was impossible to 

foresee. 

The power analysis was applied to Fisher’s z transformed values and employed an al-

pha level of 5%. A two-tailed test was chosen, so that the critical z value was 1.96. Since a 

large degree of heterogeneity was expected for all three variables, the convention suggested 

by Hedges and Pigott (2001) was applied to the within-study variances. This convention im-

plies that the values of the within-study variances (vi) are doubled, as the additional between-

study variance (τ2) is assumed to be just as large as vi. 

 

3.4.6 Sensitivity Analysis  

 In order to check whether any of the results depend on the value set for ρ, a sensitivity 

analysis was performed on the three intercept-only models (presented in Table 14) and on 

selected meta-regressional models. Following Fisher and Tipton (n.d.), these analyses model 

the regression coefficient (bi), the standard error (SE), and τ2  as a function of different values 

set for ρ. 
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4. Results 
 

4.1 Description of Studies  

 In sum, 22 studies were included in the meta-analysis. 18 of these studies reported 

correlations between IFA and outcome to exposure therapy, comprising 58 individual data 

points. Five studies reported correlations between WSH and outcome, with a total of seven 

data points, while eight studies included a total of 22 suitable effect sizes between outcome 

and BSH. The total sample sizes were N = 513 in the case of IFA, N = 116 concerning WSH, 

and N = 304 in terms of BSH. Note, however, that these sample sizes partly consist of arith-

metic means that were computed whenever various data points were extracted from a study 

and the exact sample size varied across these data points. Table 3 lists the complete references 

of all studies that were included, with the fourth column displaying in which database or 

through which additional search step the study was found. Note that in the reference list, these 

studies are indicated with an asterisk.  

 

Table 3 

List of Studies Included in the Meta-Analysis  
Study No. Reference Type of document Source 

1 Alpers and Sell (2008) Journal article EBSCO 

2 Bluett, Zoellner, and Feeny (2014) Journal article EBSCO 

3 Boulougouris, Rabavilas, and Stefanis (1977) Journal article EBSCO 

4 Busscher, Spinhoven, van Gerwen, and de Geus (2013) Journal article EBSCO 

5 Foa et al. (1983) Journal article EBSCO 

6 Foa, Riggs, Massie, and Yarczower (1995) Journal article EBSCO 

7 Freyth (2009) Dissertation EBSCO 

8 Gallagher and Resick (2012) Journal article EBSCO 

9 Konig, Eonta, Dyal, and Vrana (2014) Journal article Reverse Search 

10 Kozak, Foa, and Steketee (1988) Journal article EBSCO 

11 Mathews and Shaw (1973) Journal article EBSCO 

12 Muehlberger, Petrusek, Herrmann, and Pauli (2005) Journal article EBSCO 

13 Orenstein and Carr (1975) Journal article EBSCO 

14 Pitman, Orr, Altman, and Longpre (1996a) Journal article EBSCO 

15 Rauch, Foa, Furr, and Filip (2004) Journal article EBSCO 

16 Roth, Telch, Taylor, and Agras (1988) Journal article EBSCO 

17 D. Sloan, Marx, and Epstein (2005) Journal article ERIC 

18 Stern and Marks (1973) Journal article Reference Lists 
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19 Telch, Valentiner, Ilai, Petruzzi, and Hehmsoth (2000) Journal article Reference Lists 

20 Van Minnen and Hagenaars (2002) Journal article EBSCO 

21 Watson and Marks (1971) Journal article EBSCO 

22 Woodward et al. (1997) Journal article EBSCO 

 
Note. The third column displays the kind of document the study was reported in. The fourth column lists the 
database or other search step by which the study was found. No. = number. 
 
 

4.1.1 Exclusion of Initially Included Studies  

In a number of cases, studies meeting the initial inclusion criteria were subsequently 

excluded after closer examination. The two most prominent criteria for subsequent exclusion 

were an inappropriate operationalization of the particular process variable and the fact that the 

process variable was correlated with raw post-scores, from which pre-scores had not been 

partialled out. The latter criterion was based on the argument that raw post-scores do not re-

flect an adequate measure of outcome, unless there is some form of statistical control applied 

to the pre-scores, whose variance would otherwise be ignored. Even though under certain 

conditions, a t test on a pre-post difference score may substantially differ from a correspond-

ing ANCOVA including the pre-values as a covariate (referred to as Lord’s Paradox, e.g. van 

Breukelen, 2013; Wright, 2006), the two variants can be regarded as sufficiently equivalent 

with respect to the research questions this meta-analysis deals with. In order to be subject to 

meta-analysis together with the other values, though, the algebraic sign was reversed in terms 

of partial correlations with post-scores. In a few cases, studies were excluded only concerning 

one process variable, while they were included in terms of another. Tables 4 and 5 present the 

studies excluded for these reasons. 

 

Table 4 

Studies Excluded Due to Inappropriate Operationalization of Process Variables 
Reference 

Boulougouris, Marks, and Marset (1971) 

Marks, Boulougouris, and Marset (1971) 

Van Minnen and Hagenaars (2002)11 

 

 

The first study (Boulougouris et al., 1971) was excluded because IFA was measured 

during “neutral fantasy” (p. 9) and therefore not during an initial confrontation with the feared 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 This study was only excluded concerning its measure of IFA, not concerning the other two process variables.  
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stimulus. A similar reason holds for the study by Marks et al. (1971), in which the corre-

sponding measurement was made during a “minor phobic phantasy” (p. 366), i.e. not during 

exposure to the actually feared object. The IFA measure applied in the study by van Minnen 

and Hagenaars (2002) was excluded because IFA was measured directly at the beginning of 

the exposure session, thus reflecting rather anticipatory anxiety than fear activation. 

 

Table 5 

Studies Excluded Due to Insufficient Control of Raw Post-Scores 
Reference 

Baker et al. (2010) 

Kamphuis and Telch (2000) 

Olatunji, Ciesielski, Wolitzky-Taylor, Wentworth, and Viar (2012) 

Rauch, Foa, Furr, and Filip (2004)12 

Rudestam and Bedrosian (1977) 

Van Minnen and Foa (2006) 

 
 

All studies listed in Table 5 were excluded because process variables were correlated 

with raw post-scores lacking any form of statistical control concerning the pre-scores. In the 

study by Kamphuis and Telch (2000), the exact correlation coefficient was additionally miss-

ing, as it was not significant.  

 In addition to the studies listed above, a book chapter (Foa, Grayson, & Steketee, 

1982) was excluded for two reasons. First, there was strong evidence to assume that the sam-

ple reported on in this chapter largely overlapped with the sample that was the basis of the 

article by Foa et al. (1983), given the year of publication, as well as various sample and treat-

ment characteristics. Second, the descriptions included in this chapter lacked several im-

portant pieces of information, such as the number and duration of exposure sessions.  

 Furthermore, two studies were excluded because the relevant correlation was not re-

ported, even though it had obviously been computed. In the case of Michelson et al. (1990), 

correlations between physiological reactivity and treatment (N = 73) were not reported due to 

non-significance, and in the study by Epstein, Sloan, and Marx (2005), the text lacked crucial 

information, as only the hightest correlation (r = 0.10, N = 51) was reported and since it re-

mained unclear which operationalization of treatment outcome had been applied. Whereas the 

authors of the first study were not contacted because the study was more than 10 years old, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 This study was only excluded concerning its measure of IFA, not concerning BSH. 
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the last author of the latter study (D. Sloan) was asked via email to provide the missing values 

(as described in section 3.2.4). However, no answer has been received to date, so that both 

studies were finally excluded from the meta-analysis. 

 

4.1.2 Descriptive Statistics Concerning Categorical Variables 

 First of all, descriptive statistics are given concerning variables that did not vary with-

in studies. For economic reasons, only the most relevant variables were evaluated for the three 

process variables separately, as the respective information can also be retrieved from Tables 9 

and 10. Whenever this sort of separate evaluation is not clearly indicated, the values reported 

refer to all studies taken together. Please see the coding sheet in Appendix C and the coding 

guide in Appendix D for the exact operationalizations of the following variables. 

Journals. Concerning the different journals, the one in which the largest number of 

studies13 was published was “Behavior Research and Therapy” (5 studies), followed by “Be-

havior Therapy” (4), “Journal of Consulting and Clinical Psychology“ and “Journal of Trau-

matic Stress“ (2 each). Of the remaining 8 journal articles, each was published in a different 

journal.  

Sample and treatment characteristics. With regard to study design, clinical trial 

was the most frequent (12 studies), followed by randomized controlled trial, and experi-

mental design (5 each). In total, 17 studies reported on clinical samples, compared to only 5 

studies focusing on subclinical samples. The most frequent category of diagnosis was trauma-

related (including PTSD, ASD, and subclinical phenomena following trauma, 10 studies), 

followed by simple (comprising simple phobia and agoraphobia with and without panic disor-

der, 9 studies) and OCD (3 studies). Of the 22 studies, eight included both in vivo and imagi-

nal exposure, seven employed only imaginal exposure, and four of them comprised in vivo 

exposure only. In two studies, treatment consisted of WED (both dealing with subclinical 

samples), and one study involved exposure in virtual reality. All three studies dealing with 

OCD patients furthermore included ritual prevention as an adjunct to exposure therapy. In 

three cases, exposure treatment was delivered in a group setting, whereas all other 19 studies 

employed individual treatment settings. With respect to total duration of exposure treatment, 

long was the most frequent category (8 studies), followed by very long and short (5 each), and 

medium (4). In 18 studies, exposure therapy was therapist-assisted, while in four cases it was 

not.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13 The term “studies“ is generally used to refer to both the journal articles and the dissertation that were included 
in this meta-analysis.  
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Second, a number of descriptive statistics is given concerning variables that varied 

within studies and additionally varied across the three process variables, so that the total sam-

ple size referred to varies accordingly. 

Process variables. In 38 cases, IFA was measured physiologically (in 24 cases via 

heart rate and in 14 cases via skin conductance), whereas in 17 cases, IFA was measured via 

self-report. In another three cases, IFA was measured via external rating. 20 of these measures 

were taken outside the actual therapy setting, but during an initial confrontation with the 

feared situation or object, while 38 of them were taken during the first exposure session. With 

respect to WSH, there were three physiological measures (all heart rate) and four self-report 

ones. Six of these measures were taken during the first exposure session, in contrast to one 

that referred to homework exposure sessions. In terms of BSH, there were ten physiological 

(7 heart rate and 3 skin conductance) and 12 self-report measures. 

 Outcome. The most frequent operationalization of outcome was via self-rating (29 

cases), followed by external rating (14), composite measures (8), physiological measures (4 

heart rate and 7 skin conductance), and parameters from a BAT (3). In 61 cases, process vari-

ables were correlated with pre-post difference scores, whereas in four cases they were corre-

lated with post-scores, from which the pre-scores had been partialled out. 

Measures of potential bias. In 41 cases, purity of exposure treatment was categorized 

as high, 23 cases were classified as medium, and one case as low. The degree of overlap be-

tween process measure and outcome measure was high in 11 cases, medium in 16 cases and 

low in 38 cases. In eight studies, outcome reporting bias was clearly evident, and nine studies 

gave at least rise to some suspicion (labeled possible). Only five studies did not raise any sus-

picion concerning reporting bias. Taken together, 38.9% of all studies reporting IFA were 

affected by clearly evident outcome reporting bias, as well as 40% of all studies on WSH and 

50% of those reporting BSH. In 33.3% of all studies reporting IFA, there was at least some 

suspicion, just as in 40% of all WSH studies and in 37.5% of all BSH studies. 27.8% of all 

IFA studies, 20% of all WSH studies and 12.5% of all BSH studies were free of any evidence 

for selective reporting. 

 

4.1.3 Descriptive Statistics Concerning Numerical Variables 

In addition to the categorical variables described above, Tables 6 to 8 display infor-

mation on a set of numerical variables characterizing the studies included in the meta-

analysis. In contrast to most data reported in the preceding section, the following data are giv-

en separately for each of the three process variables.  
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Table 6 

Characteristics of Studies Reporting IFA 
 
 
 

 

Average 
age 

Percent 
female 

(%) 

Number of 
exposure 
sessions 

Duration of 
sessions 
(min.) 

Sample size  Study quality  

Min 17.9 0.0 1.0 3.3 6 16 
Max 48.4 100 15 200.0 95 24 
Mean 35.6 65.3 6.4 70.4 21.8 20.9 

Median 36.6 72.0 7.0 55.0 16.0 21.5 
NA 3 1 0 0 0 0 

 
Note. The first four variables were computed on the basis of the 18 aggregated values in order to maintain equal 
weights for each study and because these variables differed only marginally within studies. By contrast, the last 
two variables were computed on the basis of the 58 original data points because aggregated values would have 
precluded valuable information, since these variables differed substantially within studies. Min. = minute, NA = 
missing value. 
 
 
Table 7 

Characteristics of Studies Reporting WSH 
 
 
 

 

Average 
age 

Percent 
female 

(%) 

Number of 
exposure 
sessions 

Duration of 
sessions 
(min.) 

Sample size  Study quality  

Min 34.0 0.0 1.0 39.0 8 18 
Max 42.5 100 11.5 120.0 35 19 
Mean 37.2 60.0 6.5 71.4 22.7 18.4 

Median 35.1 50.0 9.0 60.0 20.0 18 
NA 2 1 0 0 0 0 

 
Note. The first four variables were computed on the basis of the five aggregated values in order to maintain equal 
weights for each study and because these variables differed only marginally within studies. By contrast, the last 
two variables were computed on the basis of the seven original data points because aggregated values would 
have precluded valuable information, since these variables differed substantially within studies. Min. = minute, 
NA = missing value.  
 
 
Table 8 

Characteristics of Studies Reporting BSH 
 
 
 

 

Average 
age 

Percent 
female 

(%) 

Number of 
sessions 

Duration of 
sessions 
(min.) 

Sample size  Study quality  

Min 19.0 0.0 1.0 3.3 14 16 
Max 43.9 100 15 200.0 88 20 
Mean 34.0 64.8 6.4 70.4 24.6 19.1 

Median 34.2 65.9 7.0 55.0 17.5 19.0 
NA 0 0 0 0 0 0 

 
Note. The first four variables were computed on the basis of the eight aggregated values in order to maintain 
equal weights for each study and because these variables differed only marginally within studies. By contrast, 
the last two variables were computed on the basis of the 22 original data points because aggregated values would 
have precluded valuable information, since these variables differed substantially within studies. Min. = minute, 
NA = missing value. 
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4.1.4 General Characteristics of the Included Studies 

 Tables 9 and 10 display a broad description of the 22 studies included in the meta-

analysis. Whereas these are restricted to variables not varying within studies, Tables 11 to 13 

list only those studies reporting IFA, WSH and BSH, respectively, thus offering more detailed 

information concerning the origin of the correlation coefficients. Further notes on each of the 

studies are given in Appendix E. Note, however, that additional information is only given on 

studies that otherwise would be insufficiently described by means of Tables 9 and 10. 

 

Table 9 

Basic Characteristics of the Included Studies: Description of Sample and Treatment  

Study Study 
design Sample 

Mean 
age 

(yrs) 

Perc. 
female 

(%) 

Dropout 
rate (%) 

Diagnosis 
(diagnostic 

system) 

Type of 
exposure 

Other 
treatment 
elements  

 
Alpers & Sell 

(2008) 
 

CT Clin 48.4 80.0 44.2 
Claustro-

phobia 
(DSM-IV) 

IV  
(TA) No 

Bluett et al. 
(2014) 

 
CT Clin 36.6 75.9 24.1 PTSD 

(DSM-IV) 
IV+IS 
(TA) Yes 

Boulougouris 
et al. (1977) 

 
CT Clin 30.3 33.3 0.0 OCD 

(NA) 
IV+IS 
(TA) Yes 

Busscher et 
al. (2013) 

 
CT Clin 38.4 56.0 36.7 Aviophobia 

(NA) 
IV  

(TA) NA 

Foa et al. 
(1983) 

 
RCT Clin 34.0 50.0 51.2 OCD 

(DSM-III) 
IV+IS 
(TA) Yes 

Foa et al. 
(1995) 

 
RCT Clin 39.4 100 NA PTSD 

(DSM-III-R) 
IS 

(TA) No 

 
Freyth (2009) 
 

RCT Clin 38.9 62.5 25.0 ASD 
(NA) 

IS 
(TA) Yes 

Gallagher & 
Resick (2012) 

 
RCT Clin 32.0 100 27.3 PTSD 

(DSM-IV) 
IV+IS 
(TA) Yes 

Konig et al. 
(2014) 

 
EXP Sub 21.5 72.0 21.1 Traumatic 

experience 
WED  
(NTA) No 

Kozak et al. 
(1988) 

 
CT Clin 34.4 57.1 17.6 OCD 

(DSM-III) 
IV+IS 
(TA) Yes 

Mathews & 
Shaw (1973) 

 
EXP Clin NA 100 NA Fear of  

spiders 
IS 

(NTA) No 

 
Muehlberger 
et al. (2005) 

 

 
CT 

 
Clin 43.9 86.7 25.0 Aviophobia  

(DSM-IV) 
VR 

(TA)  Yes 
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Note. The seventh column presents in brackets the diagnostic system applied to make the particular diagnosis. 
Perc. female = percentage of female participants, yrs = years, CT = clinical trial, RCT = randomized controlled 
trial, EXP = experimental design, clin = clinical, sub = subclinical, IV = in vivo, IS = in sensu, WED = written 
emotional disclosure, VR = virtual reality, TA = therapist-assisted, NTA = non-therapist-assisted, NA = missing 
value. 
 
 

Table 10 

Further Information Concerning Study Characteristics 

Orenstein & 
Carr (1975) 

 
EXP Sub NA 100 0.0 Fear of rats IS 

(NTA) No 

Pitman et al. 
(1996a) 

 
CT Clin 42.5 0.0 42.9 PTSD 

(DSM-III-R) 
IS 

(TA) Yes 

Rauch et al. 
(2004) RCT Clin 31.0 100 1.4 PTSD 

(DSM-IV) 
IV+IS 
(TA) Yes 

Roth et al. 
(1988) RCT Clin 42.0 95.7 37.8 

 
Agoraphobia 

with panic 
attacks  

(DSM-III) 

IV 
(TA) Yes 

D. Sloan et al. 
(2005) 

 
EXP Sub 19.0 74.7 2.5 Traumatic 

experience 
WED 
(NTA) 

No 
 

Stern & 
Marks  (1973) 

 
CT Clin 36.0 56.3 NA Agoraphobia 

(NA) 
IV+IS 
(TA)  

No 
 

Telch et al. 
(2000) 

 
EXP Sub 17.9 85.2 10.0 Claustro-

phobic fear  
IV 

(NTA) No 

Van Minnen 
& Hagenaars 

(2002) 
 

CT Clin 35.1 50.0 24.4 
PTSD 

(DSM-IV or 
DSM-III-R) 

IS 
(TA) Yes 

 
Watson & 

Marks (1971) 
 

CT Clin 30.3 NA 0.0 
Agoraphobia 
and simple 

phobia (NA) 

IS 
(TA) No 

Woodward et 
al. (1997) CT Clin 

 
NA 

 
0.0 25.0 PTSD 

(DSM-III-R) 
IS 

(TA) 
Yes 

 

Study 
Duration of 

exposure 
treatment 

Purity of  
exposure 
 treatment 

Setting 
Outcome 
reporting 

bias 
Process measures reported 

 
Alpers & Sell 

(2008) 
 

Medium High I None IFA (P and SR) 

Bluett et al. 
(2014) 

 
Long Medium I None IFA (SR) 

 
Boulougouris et 

al. (1977) 
 

Very long High I Clearly 
evident IFA (P) 
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Busscher et al. 

(2013) 
 

Medium Medium G Possible IFA (P) 

 
Foa et al. (1983) 

 
Very long High I Clearly 

evident 

IFA (SR) 
WSH (SR) 
BSH (SR) 

 
 

Foa et al. (1995) 
 

Long High I None IFA (ER and SR) 

Freyth (2009) Medium Medium I Possible IFA (P and SR) 

 
Gallagher & 

Resick (2012) 
 

Long Medium I Possible BSH (SR) 

 
Konig et al. 

(2014) 
 

Short Medium I Possible IFA (P) 

 
Kozak et al. 

(1988) 
 

Very long High I Clearly 
evident 

 
IFA (P and SR) 
BSH (P and SR) 

 
 
 
 
 
 

BSH (physiological and self-
report) 

 

 
Mathews & Shaw 

(1973) 
 

Short High I Possible 
 

IFA (SR) 
WSH (SR) 

 
 

Muehlberger et 
al. (2005) 

 

Medium Medium I None 
 

IFA (P and SR) 
BSH (P and SR) 

 
 

Orenstein & Carr 
(1975) 

 

Short High I None 
 

IFA (P and SR) 
WSH (P) 

 
 

WSH (physiological) 
 

 
Pitman et al. 

(1996a) 
 

Very long Medium I Clearly 
evident 

IFA (P) 
WSH (P) 
BSH (P) 

 
 

Rauch et al. 
(2004) 

Very long Medium I Possible BSH (SR) 

Roth et al. (1988) Long Low G Clearly 
evident IFA (P) 

 
D. Sloan et al. 

(2005) 
 

Short Medium I Clearly 
evident BSH (SR) 

 
Stern & Marks  

(1973) 
 

Long High I Clearly 
evident IFA (P) 

 
Telch et al. 

(2000) 
 

Short High I Possible IFA (P) 
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Note. I = individual, G = group, P = physiological, SR = self-report, ER = external rating. 
 

 

4.1.5 Characteristics Concerning Studies’ Operationalization of Process Variables   

The following three tables present information on the operationalization of and 

measures taken concerning the three process variables, as well as on study quality and the 

number of data points extracted from each study. Note that Tables 11 to 13 only include one 

row per study and thus preclude data concerning variables that varied within studies. Appen-

dices F, G, and H, however, provide further information describing each data point in detail.  

 

 

Table 11 

Operationalization and Measures of IFA in the Different Studies 

 
Van Minnen & 

Hagenaars (2002) 
 

Long High I Possible WSH (SR) 
BSH (SR) 

 
Watson & Marks 

(1971) 
 
 

Long High G Clearly 
evident IFA (P) 

Woodward et al. 
(1997) Long Medium G Possible IFA (P) 

Study Process 
measures 

Time of 
measure-

ment  

Sample 
size 

Outcome  
measures 

Correlated 
with 

Degree 
of  

overlap 

Study 
quality  

No. 
of 

data 
points 

Alpers & Sell 
(2008) HR, SR First  

session 10 SR Pre-post Low, 
medium 24 3 

Bluett et al. 
(2014) SR First  

session 88 ER Pre-post Low 23 2 

Boulougouris 
et al. (1977) SC, HR Outside 12 HR, SC Pre-post High, 

medium 18 5 

Busscher et 
al. (2013) HR Outside 50 SR Pre-post Low 20 4 

Foa et al. 
(1983) SR First  

session 36 ER Pre-post Low 22 1 

Foa et al. 
(1995) 

ER, SR 
 

First  
session 9* ER, SR, 

CM Pre-post Low, 
medium 24 6 

Freyth (2009) SR, SC, 
HR Outside 20* ER Pre-FU Low 18 4 

Konig et al. 
(2014) HR First  

session 95 SR Pre-FU Low 20 2 
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Note. Whenever several measures were applied within one study, this is indicated by a comma. The sixth column 
lists what the process measures were correlated with (either a pre-post difference score or post-scores from 
which the pre-scores were partialled out). The last column refers to the number of individual data points extract-
ed from the particular study. An asterisk (*) is used to indicate that the value is an arithmetic mean calculated 
from the various data points of a study (rounded down to the next round value). No. = number, SR = self-report, 
ER = external rating, HR = heart rate, SC = skin conductance, BAT = behavioral approach test, CM = composite 
measure, FU = follow-up, outside = IFA was measured outside the actual treatment setting, NA = missing value. 
 
 

Table 12 

Operationalization and Measures of WSH in the Different Studies 

 
Note. The annotations and abbreviations are the same as for Table 11.  

Kozak et al. 
(1988) SR, HR First 

 session 14 CM Pre-post Low, 
medium 22 6 

Mathews & 
Shaw (1973) SR First  

session 20 BAT Pre-post Low 20 1 

Muehlberger 
et al. (2005) 

SR, SC, 
HR 

First  
session 16* SR 

 
Pre-post,  
Pre-FU 

 

Low, 
medium 23 9 

Orenstein & 
Carr HR, SR First  

session 8 BAT, SR Pre-post Low, 
high 21 4 

Pitman et al. 
(1996a) HR First  

session 20 SR Pre-post Low 21 1 

Roth et al. 
(1988) HR Outside 23 SR Pre-post Low 16 1 

Stern & 
Marks (1973) HR, SC Outside 16 HR Pre-post High 18 4 

Telch et al. 
(2000) HR First trial 54 SR Post-scores Low 19 2 

Watson & 
Marks (1971) HR, SC Outside 16 ER, SR, 

SC Pre-post Low, 
high 19* 5 

Woodward et 
al. (1997) HR NA 6 SR Pre-post Low 20 1 

Study Process 
measure 

Time of  
measurement 

Sample 
size  

Outcome 
measure 

Correlated 
with 

Degree 
of over-

lap  

Study 
quality 

No. 
of 

data 
points Foa et al. 

(1983) 
 

 
SR 

 
First session 

 
34* 

 
ER 

 
Pre-Post  

 
Low 

 
19 2 

Mathews  
& Shaw 
(1973) 

 

SR First session 20 SR Pre-Post High 18 1 

Orenstein & 
Carr (1975) 

 
HR First session 8 BAT, SR Pre-Post Low 18 2 

Pitman et al. 
(1996a) HR First session 20 SR Pre-Post  Low 18 1 

Van 
Minnen & 
Hagenaars 

(2002) 
 

SR 
Homework 
exposure  
exercises 

34 SR Post-scores Medium 18 1 
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Table 13 

Operationalization and Measures of BSH in the Different Studies 

Study Process 
measure 

Sample 
size 

Outcome 
measure 

Correlated 
with 

Degree of 
overlap  

Study  
quality  

No. of data 
points 

Foa et al. 
(1983) 

 
SR 36 ER Pre-post Low 19 1 

Gallagher & 
Resick 
(2012) 

 

SR 88 ER Pre-post Low 19 1 

Kozak et al. 
(1988) 

 
SR, HR 14 CM Pre-post Low,  

medium 19 6 

Muehlberger 
et al. (2005) 

 

SR, HR, 
SC 16* SR Pre-post Low,  

medium 20 9 

Pitman et al. 
(1996a) 

 
HR 20 SR Pre-post Low 18 1 

Rauch et al. 
(2004) 

 
SR 68 ER Pre-post Low 19 1 

D. Sloan et 
al. (2005) 

 
SR 

 
28 SR Pre-post Medium 16 1 

Van  
Minnen &  
Hagenaars 

(2002) 
 

 
SR 

 
54 SR Post-scores Medium 18 2 

 
Note. The fifth column lists what the process measures were correlated with (either a pre-post difference score or 
post-scores from which the pre-scores were partialled out). All other annotations and abbreviations are the same 
as for Table 11.  
 

 

4.2 Power Analysis 

 The power analysis yielded very high values in all three cases. While for WSH and 

BSH there resulted a value of 0.95, the power analysis for IFA even yielded a value of 0.99. 

Hence, there was sufficient statistical power for detecting the expected effect sizes under the 

conditions (sample size, number of studies) described in section 3.4.5. 

 

4.3 Meta-Analysis 

 First of all, three separate random-effects meta-analyses were performed on each of 

the three process variables. All meta-analyses were based on the data set with all individual 

data points, so that the meta-analyses subsequently reported all reflect Correlated Effects 

models. Table 14 displays the results from the three meta-analyses using the metric of     

Fisher’s z transformed values. For purposes of easier interpretation, the results affected by this 

transformation (intercept and confidence interval) are additionally given in the metric of regu-
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lar correlation coefficients in Table 15. Furthermore, Figures 2 to 4 present the corresponding 

forest plots.  

As can be seen from the results displayed, there emerged significant weighted mean 

effect sizes of r = .39 and r = .34 for WSH and BSH, respectively, as neither of the corre-

sponding confidence intervals covered the value zero. In terms of IFA, however, there result-

ed an effect size of r = .11, whose confidence interval did include the value zero. Consequent-

ly, the weighted mean effect size was non-significant in this case.  

 

 

Table 14 

Results From the Random-Effects Meta-Analyses on the Three Process Variables  

PV b0 SE t df p (t) 
95% CI 

τ2 I2 Q df* p (Q) 
    LL           UL 

IFA 0.11 0.12 0.85 16.20 0.407 -0.16  0.37 0.19 81.61 92.86 17.08 <0.001 

WSH 0.41 0.09 4.65 3.06 0.018 0.13 0.69 0.00 0.00 2.47 4.04 0.381 

BSH 0.35 0.05 6.95 4.42 0.002 0.22 0.49 0.00 0.00 6.27 7.03 0.425 

 
Note. All figures are given in the metric of Fisher’s z transformed values. b0  represents the intercept of the mod-
el and thus the weighted mean effect size. I2 reflects a percentage. PV = process variable, SE = standard error, df 
= degrees of freedom (numbers represent small-sample corrected, approximate values), CI = confidence interval, 
LL = lower limit, UL = upper limit, df* = degrees of freedom for Q and I2 (also representing small-sample cor-
rected, approximate values), p (Q) = p value for the chi-square test on whether the amount of variation between 
studies is significant. α = 5 %.  
 
 
 
 
Table 15 

Central Results of the Meta-Analyses Re-Transformed to Correlation Coefficients  

Process Variable b0 
95% CI 

LL UL 

IFA 0.11 -0.16 0.35 

WSH 0.39 0.13 0.60 

BSH 0.34 0.22 0.45 

 
Note.  b0  represents the intercept of the model and thus the weighted mean effect size. PV = process variable, CI 
= confidence interval, LL = lower limit, UL = upper limit. α = 5 %. 
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Figure 2. (Continued on page 56) 
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Figure 2. Forest plot displaying the random-effects meta-analysis (Correlated Effects model) on IFA in the met-
ric of Fisher’s z transformed values. The column left to the actual forest plot lists the studies included in the 
analysis, whereas capital letters indicate the different data points (please confer Appendix F for a detailed de-
scription of these). In the forest plot itself, the size of the black boxes is equivalent to each data point’s relative 
weight in the meta-analysis, whereas the lines indicate the limits of the corresponding confidence intervals. 
Note, however, that the black boxes represent the weight of each data point and not the weight of the study it 
belongs to, which is why their size is not proportional to the study’s sample size. This is because the weights 
here are computed by dividing the study’s weight (based on its sample size) by the number of data points be-
longing to that study. The first column on the right additionally lists the Fisher’s z transformed correlation coef-
ficients, followed by the weight assigned to each data point and the limits of the confidence intervals. With re-
gard to the upcoming moderator analysis, three additional columns were added, showing the sort of process 
measure (PM) and the sort of outcome measure (OM) applied (phys = physiological, comprising heart rate and 
skin conductance, rating = self-report, external rating or BAT), as well as the score from the composite measure 
for study quality (SQ). The polygon (“diamond”) at the very bottom visualizes the weighted mean effect, with its 
left and right corners representing the limits of the corresponding confidence interval. Unfortunately, the R 
package robumeta (Fisher & Tipton, 2014) does not offer a possibility of graphically listing the exact figures 
concerning the mean effect size, so that these values (mean effect size and limits of confidence interval) can be 
retrieved only from Tables 14 and 15.  
 

 

 
Figure 3. Forest plot displaying the random-effects meta-analysis (Correlated Effects model) on WSH in the 
metric of Fisher’s z transformed values. For all further annotations please see the legend below Figure 2.  
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Figure 4. Forest plot displaying the random-effects meta-analysis (Correlated Effects model) on BSH in the 
metric of Fisher’s z transformed values. For all further annotations please see the legend below Figure 2. 
 
 

4.3.1 Heterogeneity  

Importantly, Table 14 shows that the three meta-analyses differed with respect to the 

amount of heterogeneity, i.e. variance between studies. Whereas τ2 and I2 were zero for both 

WSH and BSH, these two statistics assumed very high values in the case of IFA. Also, Q as-

sumed a very high – and statistically significant – value in terms of IFA, while the opposite 

was true for WSH and BSH.  

The major implication of these findings is that the meta-analysis on IFA should be 

complemented by a moderator analysis in order to explain at least in part the large variance 

between studies. By contrast, there was no moderator analysis conducted for WSH and BSH. 

Whereas the first reason for this decision was the lack of evidence for a distribution of effect 

sizes (as explained above), the second reason was the low power such a moderator analysis 

would have had, given the comparably small number of data points extracted from an even 

smaller number of studies. For the sake of avoiding any false-positive findings, moderator 
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analyses were left out for these two process variables. The only exception to this was the add-

tional moderating variable outcome reporting bias, which will be dealt with in section 4.5.2. 

 

4.4 Moderator Analysis Concerning Initial Fear Activation 

 While Table 16 presents the results from the unconstrained model employing all ten 

moderating variables as predictors of the effect size, Table 17 gives an overview of the  (aux-

iliary) stepwise selection process that led to the final model presented in Table 18. This model 

includes the three significant moderators process measure, outcome measure, and study quali-

ty and has the great advantage of displaying the unique influence all of these predictors have 

on the effect size. According to this model, the effect size increases by 0.51 points when a 

physiological process variable is used instead of a variable based on ratings (with all other 

variables held constant), whereas the use of a physiological outcome variable as opposed to 

one based on ratings leads to an increase of even 1.05 points. Additionally, the effect size 

rises by 0.16 points as study quality (which ranges from 8 to 24) rises by one point. To facili-

tate interpretation, Table 19 displays a number of model calculations of effect size estimates 

depending on different values for the three moderating variables. Note that these estimates 

have already been re-transformed to correlation coefficients. 

 With regard to the R2 estimates displayed in the following table notes, it is fairly sur-

prising is that the unconstrained model exhibits a higher τ2 value than the intercept-only model 

presented in Table 14, making it impossible to even compute R2 for the model displayed in 

Table 16. In order to check whether the reason for this phenomenon lies in the programming 

of robumeta, Elizabeth Tipton was contacted for advice. However, there has been no answer 

until today. Therefore, the moderator analysis was once again conducted by means of the R 

package robustmeta (Anderson & Byrnes, 2013), which largely constitutes the previous ver-

sion of robumeta and is based on the approach suggested by Hedges et al. (2010). As these 

analyses yielded nearly identical results, concerning both the order of the stepwise selection 

process and the τ2 values of the different models, it was assumed that the phenomenon can 

most probably be traced back to an artifact concerning the first selection step, especially be-

cause only the first model including all ten moderators yielded a τ2  value larger than the one 

belonging to the intercept-only model. 
 

 

 

 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   59 

Table 16 

Results From the Unconstrained Model Including Ten Moderating Variables 

 
Intercept / Moderator 

 
Est. SE t df p (t) 

95% CI 

LL UL 

Intercept -3.13 2.95 -1.06 6.22 0.328 -10.92 4.027 

Sample -0.25 0.68 -0.36 4.90 0.732 -2.01 1.51 

Sort of exposure  
treatment -0.65 0.50 -1.30 4.31 0.259 -1.99 0.70 

Time of measurement -0.23 0.79 -0.29 5.44 0.783 -2.20 1.75 

Purity of exposure 
treatment 0.27 0.32 0.86 4.06 0.437 -0.60 1.15 

Duration of treatment -0.08 0.48 -0.17 3.35 0.879 -1.51 1.35 

Diagnosis 0.28 0.39 0.71 3.83 0.516 -0.83 1.39 

Process measure 0.54 0.25 2.16 6.14 0.073 -0.07 1.14 

Outcome measure 0.93 0.47 1.97 6.45 0.093 -0.20 2.06 

Degree of overlap -0.14 0.21 -0.66 5.81 0.533 -0.67 0.39 

Study quality 0.14 0.13 1.05 6.00 0.335 -0.19 0.47 

 
Note. Study quality is a continuous variable. Est. = estimate, SE = standard error, df = degrees of freedom (num-
bers represent small-sample corrected, approximate values), CI = confidence interval, LL = lower limit, UL = 
upper limit. τ2  = 0.20, I2  = 73.30 %. α = 5 %. 
 
 
 
Table 17 

Stepwise Selection Process 

Step Predictor discarded p Number of remaining predictors 

1 Duration of exposure treatment 0.879 9 

2 Sample 0.650 8 

3 Time of measurement 0.962 7 

4 Diagnosis 0.449 6 

5 Degree of overlap 0.297 5 

6 Purity of exposure treatment 0.256 4 

7 Sort of exposure treatment 0.191 3 

 
Note. Each row presents the number of the step concerning model reduction, the predictor discarded in that step, 
the p value of this predictor in the preceding (unconstrained) model, and the number of remaining predictors for 
the next model. In terms of step 1, the unconstrained model is the one reported in Table 16. α = 5 %. 
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Table 18 

Results From the Final Meta-Regressional Model With Three Moderators 
 

Intercept / Moderator 
 

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

LL UL 

Intercept -3.59 0.97 -3.72 4.75 0.015 -6.11 -1.07 

Process measure 0.51 0.19 2.60 9.06 0.029 0.07 0.95 

Outcome measure 1.05 0.29 3.65 2.99 0.036 0.13 1.96 

Study quality 0.16 0.04 3.60 4.80 0.017 0.04 0.27 
 
Note. The results concerning outcome measure should be treated with caution due to the small number of df (< 3, 
according to the robumeta model output). Est. = estimate, SE = standard error, df = degrees of freedom (numbers 
represent small-sample corrected, approximate values), CI = confidence interval, LL = lower limit, UL = upper 
limit. τ2  = 0.11, I2  = 70.54 %, R2 = 41.38 %. α = 5 %. 
 
 

Table 19 

Model Estimates for Six Different Scenarios  

Scenario Estimated correlation coefficient  

1) Physiological PM, non-physiological OM, SQ = 18 -0.20 

2) Physiological PM, non-physiological OM,  SQ = 22 0.41 

3) Physiological PM, physiological OM,  SQ = 22* 0.90 

4) Non-physiological PM, non-physiological OM,  SQ =  16 -0.77 

5) Non-physiological PM, non-physiological OM,  SQ =  20 -0.37 

6) Non-physiological PM, non-physiological OM,  SQ =  24 0.24 

 
Note: PM = process measure, OM = outcome measure, SQ = study quality. *Mind that when a physiological 
outcome variable is applied, the maximum score for study quality is 22 (since two points are subtracted in this 
case). 
 

 

4.5 Reporting Bias 

4.5.1 Publication Bias 

Appendix L shows the funnel plots for the three process variables, which were com-

puted on the basis of the aggregated data set. All three funnel plots seem sufficiently symmet-

ric. Concerning the Egger test, neither of the results concerning IFA (z = 0.62, p = 0.539), 

WSH (z = 0.52, p = 0.604), and BSH (z = 0.248, p = 0.804) was significant. 
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4.5.2 Outcome Reporting Bias 

 Contrary to publication bias, this sort of bias, also referred to as selective reporting, 

constituted a considerable issue in this meta-analysis. As described in section 4.1.2 and as 

displayed in Table 10, 38.9% of all studies reporting IFA were affected by clearly evident 

reporting bias, as well as 40% of all studies on WSH and 50% of those reporting BSH. An-

other strikingly high share of studies at least gave rise to some suspicion concerning reporting 

bias. In most studies coded as clearly evident, it was also obvious from the text that the par-

ticular results had indeed been left out because they did not reach significance – which is ex-

actly what constitutes a major problem in meta-analysis because these omitted values are 

more likely to be close to zero than the ones reported. 

As described in section 3.4.4, the the issue of selective reporting was first addressed 

via calculating the sum of the relative weights assigned to studies that exhibited clearly evi-

dent outcome reporting bias. In all three cases, this figure was below 50%, with the highest 

value calculated for WSH (47.52 %), followed by IFA (39.44 %) and BSH (30.72 %). The 

second step involved the computation of another meta-regressional model using outcome re-

porting bias as a predictor of the effect size. The results of this analysis are displayed in Table 

20. Obviously, the influence of this moderator on the effect size was not significant in terms 

of IFA and WSH. The opposite, however, was true for BSH, for which a significant modera-

tor effect emerged, demonstrating that for studies with clearly evident outcome reporting bias 

as compared to those without, the estimate of the weighted mean effect size was 0.20 points 

higher (i.e. z = 0.49 instead of z = 0.29). However, another random-effects meta-analysis con-

ducted on the subset of effect sizes from studies without clearly evident outcome reporting 

bias still yielded a significant main effect of z (2.19) = 0.29 (p = 0.022, 95% CI 0.10; 0.49). 

 

Table 20 

Meta-Regression Examining the Influence of Outcome Reporting Bias 

 
Note. All columns except for the first refer to bi only. The results concerning WSH should be treated with cau-
tion due to the small size of df (< 3, according to the robumeta model output). PV = process variable, b0  =  inter-
cept, bi = estimate of the regression coefficient of the moderating variable, SE = standard error, df = degrees of 
freedom (numbers represent small-sample corrected, approximate values), CI = confidence interval, LL = lower 
limit, UL = upper limit. α = 5%.  

PV b0 bi SE (bi) t (bi) df (bi) p (bi) 
95% CI (bi) 

LL            UL 

IFA 0.28 -0.29 0.29 -1.02 12.75 0.326 -0.91 0.33 

WSH 0.48 -0.14 0.17 -0.81 2.28 0.494 -0.79 0.52 

BSH 0.49 -0.20 0.06 -3.18 4.25 0.031 -0.36 -0.03 
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4.6 Sensitivity analysis 

As planned, sensitivity analyses were performed on the three intercept-only models 

(presented in Table 14), on the restricted meta-regressional model for IFA (presented in Table 

18) and on the three meta-regressional models investigating the influence of the degree of 

outcome reporting bias on the effect size (presented in Table 20). For economic reasons, the 

tables presenting these results are displayed in Appendix M, as in none of all the cases any 

substantial influence of ρ was evident. In all cases except for one, changes affected only the 

third decimal place; only in one case, the second decimal place was altered slightly. Taken 

together, it appears that the value set for ρ does not exhibit any noticeable impact on the effect 

sizes reported in this text, thus suggesting that all estimates are fairly robust. 
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5. Discussion 
 

5.1 The Issue of Reporting Bias 

 Since it greatly affects the interpretation of all subsequently discussed results, the issue 

of reporting bias shall be addressed first. Notably, important sources of reporting bias have 

already been ruled out a priori by not restricting the search for literature to certain languages 

and by deliberately extending the search to dissertations (which constitute a large part of the 

so-called “grey” literature) and book chapters instead of restricting it to articles published in 

peer-reviewed journals. Yet, only one dissertation was included, which was partly due to the 

fact that several other dissertations, whose abstracts seemed promising, were not available, 

with written correspondence via email being unsuccessful in all cases. In fact, the same prob-

lem also applies to the choice of included studies as such, for a considerable number of stud-

ies that met the majority of the inclusion criteria had to be excluded because crucial infor-

mation was missing and could not be provided by the study authors. Hence, the possibility 

that those studies systematically differ from those that were included in the meta-analysis, 

thus leading to meaningful publication bias, cannot be fully ruled out. Yet, this seems rather 

unlikely for the fact that only in two cases, studies were actually excluded because the neces-

sary data had been omitted owing to non-significance – in contrast to the vast majority of 

studies selected for written correspondence, which most often included regressionas on the 

three process variables while lacking correlational data. 

However, even within the set of included studies, there was hardly any sign of system-

atic publication bias. Graphic evidence for this comes from the three funnel plots, which look 

fairly symmetric, indicating that there is no substantial publication bias in neither of the meta-

analyses on the three process variables. This graphical impression is supported by the results 

of the Egger test, which was not significant for neither of the three process variables, suggest-

ing that the funnel plots do not exhibit any considerable asymmetry. Notably, this result is 

highly unlikely to be changed when taking into account the two studies that were excluded 

because the necessary correlational data were indeed not being reported due to non-

significance (Epstein et al., 2005; Michelson et al., 1990, see section 4.1.1). Thus, it seems 

just to conclude that the set of studies included in the three meta-analyses is sufficiently rep-

resentative of all the studies dealing with this topic.  

By contrast, outcome reporting bias constituted a major issue in this meta-analysis, 

and its influence on the effect size was investigated in two steps. The first result was that the 
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sum of the relative weights assigned to studies that were affected by clearly evident outcome 

reporting bias was below 50% for all of the three process variables. Although these figures 

only represent an auxiliary tool, they at least allow the conclusion that the results of the meta-

analyes conducted are very unlikely to be a mere artifact of selective reporting. However, the 

second step that involved a meta-regression examining the influence of the degree of selective 

reporting on the effect size yielded even more illustrative results. Even though the results 

concerning WSH have to be interpreted with caution due to the small number of degrees of 

freedom14, this analysis is likely to allow the conclusion that the degree of outcome reporting 

bias is not related to the effect size in terms of IFA and WSH. Thus, in these two cases it 

seems reasonable to conclude that studies exhibiting clearly evident outcome reporting bias 

are not characterized by substantially higher effect sizes, which would be the case if selective 

reporting involved the systematic omission of correlation coefficients close to zero (as shown 

by Furukawa et al., 2007). The positive conclusion drawn from these results is that obviously, 

selective reporting is evident in a great number of studies, but fortunately, this does not signif-

icantly influence the results of this meta-analysis. 

In terms of BSH, the moderator effect turned out to be substantial, however, is does 

not seem to broadly influence the conclusions concerning the weighted mean effect size, as 

there still resulted a significant mean effect size for the subset of studies not affected by clear-

ly evident outcome reporting bias. Nevertheless, this subset analysis should also be treated 

with caution because of the very small number of degrees of freedom. Importantly, also note 

that the meta-regressional analysis reported in Table 20 is limited concerning its interpreta-

tion, since potential confounds between the degree of outcome reporting bias and other mod-

erating variables influencing the effect size cannot be ruled out in a model employing only 

one predictor. 

Finally, the interpretation of the findings concerning outcome reporting bias are lim-

ited by the fact that studies raising at least some suspicion concerning selective reporting were 

treated the same way as studies raising no suspicion at all. Thus, the above-mentioned results 

reflect a very conservative and therefore optimistic perspective on the impact of selective re-

porting. Taking into account this aspect and the statistical limitations mentioned above, it 

cannot be fully ruled out that the results of this meta-analysis are biased – yet, there are good 

reasons to assume that this is rather unlikely.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 According to the robumeta model output, this applies to the case of df < 3. 
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5.2 Mean Effect Sizes 

5.2.1 Within- and between-session habituation  

 The first main research question of this meta-analysis concerned the weighted mean 

effect sizes, i.e. the correlations between each of the three process variables suggested by 

emotional processing theory and outcome to exposure therapy. As indicated by the results of 

the power analysis, all intercept-only models were characterized by very high statistical pow-

er in terms of detecting the mean effect. With regard to WSH and BSH, the results were fairly 

clear-cut, since both meta-analyses yielded a considerable and significant weighted mean cor-

relation coefficient of 0.39 and 0.34, respectively, thus supporting the predictions derived 

from EPT. As demonstrated by the sensitivity analysis, these results were only marginally 

influenced by the value set for ρ, so that they can be regarded as fairly robust. Applying Co-

hen’s (1988) conventions for the size of correlation coefficients, these figures can be classi-

fied as medium to high. However, it has to be emphasized that these weighted mean effect 

sizes are based on a comparably small number of studies, although in the case of BSH, the 

number of individual data points is relatively high. Yet, based on the fact that there is no evi-

dence for publication bias and that outcome reporting bias does not exhibit a pivotal influence 

on the size of the correlation coefficient, this small number of studies can nevertheless be re-

garded as representative of all studies dealing with the link between WSH, BSH, and outcome 

to exposure therapy.  

 Importantly, the meta-analyses on WSH and BSH differed from the one on IFA in one 

crucial point, which is heterogeneity. Even though in terms of WSH and BSH, Q and the re-

sult of the corresponding chi-square test have to be interpreted with caution because of the 

small number of studies, strong evidence against the assumption of heterogeneity also comes 

from the estimates of τ2 and I2 (which do not depend on the number of studies). Both of these 

suggest that there is no substantial variance between studies and that there is a single effect 

size – a point that is being supported graphically by the corresponding forest plots. In order to 

provide a point estimation that is as conservative as possible, however, the random-effects 

models assumed a priori were maintained for both WSH and BSH because it cannot be totally 

ruled out that a higher number of studies would have created a more heterogenous picture, as 

suggested by Craske et al. (2008) and Crits-Christoph et al. (2013). Concerning potential 

moderators such as the type of process measure applied, the analyses do not allow a definite 

conclusion, since no moderator analyses were performed for WSH and BSH due to a lack of 

statistical power. Yet, although it cannot be ruled out, the fact that there is no evidence for 

systematic variation between studies suggests that the correlation between WSH, BSH, and 
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outcome to exposure therapy is not influenced by any of the moderating variables. This holds 

e.g. for the duration of exposure sessions, which was assumed by Foa and Kozak (1986) to be 

of essential meaning for WSH to occur. However, the results preclude any definite conclusion 

concerning this aspect.  

 Admittedly, the finding of a medium correlation between BSH and treatment outcome 

is anything but surprising when taking into account the large conceptual overlap between this 

process variable and typical outcome measures. Yet, this correlation appears to be higher than 

expected on the basis of the literature reviewed by Craske et al. (2008). The same is true for 

the case of WSH, which is the variable derived from EPT that has been critized most in terms 

of its relevance. This is especially true in the light of the rather pessimistic conclusion drawn 

by Craske et al., who emphasize the meaning of studies demonstrating that exposure sessions 

ending at the point of maximum fear are just as effective as sessions ended after a substantial 

reduction of fear has occurred, suggesting that WSH is not a necessary prerequisite for thera-

peutic change. However, the results of this meta-analysis anything but contradict the perspec-

tive assumed by Craske et al., since a correlation of medium size must not be taken as evi-

dence that the process variable constitutes a necessary requirement or a sufficient condition 

for therapeutic improvement. Rather, the correlations concerning WSH and BSH can be inter-

preted in a way that both facilitate change or – applying the vocabulary used by Foa and 

Kozak (1986) – emotional processing, whereas this sort of therapeutic gain can also be 

achieved in the absence of these two processes. In sum, thus, the results concerning the role of 

WSH rather support the view of Crits-Christoph et al. (2013). Unfortunately, this meta-

analysis did not offer the possibility of examining the intercorrelation between the three pro-

cess variables, so that no answer can be provided concerning the question whether WSH is a 

necessary requirement for BSH, as proposed by Foa and Kozak.   

 Certainly, an important limitation of these results is the fact that they are based on a 

restricted number of diagnoses, comprising OCD, PTSD, simple phobia and related subclini-

cal phenomena. Yet, this restriction holds for all three process variables equally (except for 

the fact that among the studies reporting IFA, some also dealt with agoraphobia), implying 

that any conclusions drawn from this meta-analyis are limited to these diagnoses and cannot 

automatically be generalized to other anxiety disorders such as social phobia, panic disorder, 

or GAD. Another considerable limitation lies in the fact that in contrast to IFA, WSH and 

BSH do imply some (and in the case of BSH, even remarkable) overlap with common defini-

tions of treatment outcome – which is generally operationalized as the reduction of fear over 
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time. Thus, it cannot be fully ruled out that the comparably high correlation coefficients found 

in this meta-analysis are at least in part artifactual.  

 

5.2.2 Initial Fear Activation 

 In contrast to the other two process variables, the results concerning the variable that 

Foa and Kozak (1986) regard as the pivotal requirement for emotional processing – initial fear 

activation – are sobering. This is especially noteworthy in the light of the fact that in contrast 

to the two habituation variables, IFA does not have any conceptual overlap with any measures 

of treatment outcome. Being based on 58 data points from 18 studies, the meta-analysis on the 

correlation between IFA and treatment outcome was the one with the highest statistical pow-

er, and, at the same time, the only one that yielded a weighted mean effect size that was not 

significantly different from zero – whereas this result can also be regarded as robust in the 

light of the sensitivity analysis. This finding is consistent with Craske et al.’s (2008) conclu-

sion that IFA is not substantially associated with outcome to exposure treatment, while con-

tradicting the perspective assumed by Crits-Christoph et al (2013). Moreover, it is in line with 

the findings summarized by Schmid-Leuz et al. (2007) and Podină et al. (2013), which sug-

gest that distraction is not necessarily detrimental with regard to therapeutic gains – whereas 

Foa and Kozak strongly emphasize that the activation of the fear network requires the patient 

to focus her attention on the fear-provoking stimulus. Although one explanation for this is that 

distraction does not interfere with the activation of this network, another one is that the acti-

vation of the fear network is indeed not necessary for therapeutic change to occur – or that 

actually no such fear network exists.  

However, this conclusion is premature for two reasons. First, as with WSH and BSH, 

it has to be noted that the results of this meta-analysis are limited to only three groups of di-

agnoses. Second, whereas heterogeneity was not an issue in terms of the habituation varia-

bles, it constituted an important topic with respect to IFA, as all relevant statistics (τ2, I2, and 

Q) assumed very high values. This indicates that only a small share of the total variance can 

be traced back to the variance within studies. Taking into account the significant chi-square 

test for the case of IFA (displayed in the last three columns of Table 14), it seems reasonable 

to conclude that the assumption of a single effect size has to be rejected in favor of a distribu-

tion of effect sizes, so that the a-priori assumed random-effects model proves to be appropri-

ate, as well as the subsequently performed moderator analysis. Since in terms of IFA we are 

are obviously faced with a distribution of effect sizes, the important question for the modera-

tor analysis was whether some of the a priori defined moderator variables would be able to 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   68 

explain at least in part the large variance between studies, thus shedding light on potential 

conditions under which IFA might be significantly related to outcome.  

 

5.3 Non-Significant Moderators 

 Surprisingly, a high number of moderating variables derived from EPT were shown 

not to exhibit any significant influence on the effect size, i.e. the correlation between IFA and 

outcome to exposure therapy. This was especially true for the moderators sample, diagnosis 

and duration of treatment, which Foa and Kozak (1986) had suggested to critically influence 

the link between IFA and therapeutic improvement. In fact, the moderator analysis, which 

was designed to examine each moderator’s unique influence on the effect size while control-

ling for the influence of the others, suggested that these variables were not significantly relat-

ed to the effect size. Thus, it seems to be irrelevant whether we are dealing with a clinical or 

subclinical sample, which contradicts Foa and Kozak’s assumption that pathological fear 

structures are qualitatively distinct from non-pathological ones. Similarly, the complexity or, 

respectively, the coherence of the fear structure – as reflected by the dichotomized moderator 

diagnosis – did not exhibit any effect on the size of the correlation between IFA and outcome. 

Neither did the total duration of exposure treatment prove to be influential, which, however, is 

rather not surprising since this variable would rather be assumed to moderate the link between 

the two habituation variables and outcome, as longer exposure sessions might facilitate more 

WSH, whereas a higher number of sessions could be advantageous in terms of BSH. Yet, the 

association between IFA and outcome does not seem to be in any way restricted to prolonged 

exposure treatment, which was a central idea put forward by Foa and Kozak.  

 Equivalent conclusions can be drawn with regard to two further moderator variables 

dealing with treatment characteristics, as neither sort of exposure treatment nor purity of ex-

posure treatment exhibited any significant influence on the effect size. The most important 

prediction derived from Foa and Kozak’s (1986) theory, affecting the comparison between in 

vivo and imaginal exposure, could not be investigated, for only very few studies employed 

pure versions of either sort. Thus, it remains unresolved whether, as suggested by them, imag-

inal exposure is less effective in activating the fear structure, which might lead to a weaker 

link between IFA and treatment outcome. The only conclusion that may be drawn from this 

result is that the role of IFA does not seem to differ between classical forms of exposure ther-

apy (i.e. in vivo, imaginal and combinations of both) and non-classical forms, comprising 

WED and exposure in virtual reality. Although this evidence should be treated with caution 

due to the small number of studies in this meta-analysis that dealt with such non-classical 
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forms of exposure, it at least suggests that WED and exposure in virtual reality constitute fair-

ly equivalent variants of exposure therapy. A variable that partly overlapped with this was 

purity of exposure treatment, which did not have any significant influence on the effect size, 

either. This is a very important result, since it illustrates that the meaning of IFA does not 

differ depending on whether treatment is restricted to mere exposure or includes additional 

elements such as cognitive interventions, relaxation, medication or, in the case of OCD, ritual 

prevention. Hence, this finding can be cautiously taken as preliminary evidence that the 

mechanisms proposed by EPT may not be limited to classic, “pure” exposure therapy. How-

ever, an important limitation to this result is that in order to be included in the meta-analysis, 

studies had to employ exposure as the principal treatment element, so that even the range be-

tween high and low purity was not very large. What adds to this limited range is that only one 

study was assigned the label low, whereas this label certainly would have been assigned more 

often if this meta-analysis had included studies dealing primarily with GAD, panic disorder 

and social phobia – for which exposure generally constitutes only one intervention among 

others (see section 2.1.4). In sum, thus, the reduced variance concerning purity precludes any 

far-reaching conclusions concerning the specifity of the mechanisms suggested by EPT. 

 Interestingly, the moderator analysis also revealed that, concerning the link between 

IFA and outcome, it does not make difference whether IFA is measured within the actual 

treatment session or before the onset of treatment, but during an initial confrontation with the 

feared stimulus or situation. This may be taken as evidence that the aspect that matters is in-

deed this initial confrontation, and rather not the therapeutic setting. Most importantly, the 

moderator analysis also showed that the size of the correlation between IFA and outcome was 

not merely a function of the extent to which process and outcome measure overlapped, so that 

it can be ruled out that the findings of very high correlations in some of the studies only re-

flect a methodological artifact. However, whereas this is true when taking into account all 

possible operationalizations of IFA and outcome, a different picture emerges when focusing 

on physiological measures only – a topic to be dealt with in the next section. 

 Before turning to the final meta-regressional model, the discussion shall briefly deal 

with some crucial limitations affecting the non-significant moderating variables. First, as with 

the weighted mean effect sizes, all conclusions are again limited to three broad groups of dis-

orders, which are ODC, simple phobia, and agoraphobia (mostly without panic disorder), 

trauma-related disoders (PTSD and ASD), as well as related subclinical problems. Hence, the 

non-significant effect of diagnosis needs to be interpreted with caution, since a significant 

effect might have emerged if further complex disorders (such as GAD, social phobia, and pan-
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ic disorder) had been among the included studies. Second, the results are limited by the fact 

that the majority of all moderating variables were artificially dichotomized to maxime statisti-

cal power, which generally implies a loss of information. As for economic reasons, a sensitiv-

ity analysis investigating this aspect has not been performed, it cannot be ruled out that di-

chotomizing differently might have led to different results. However, all variables were di-

chotomized according to a logic that generally followed the research questions derived from 

EPT, so that hardly any other way of dichotomization would have made sense in the light of 

these theoretical considerations. Therefore, even if a different way of dichotomization would 

lead to different results, it is questionable if these results would make sense in the light of the 

research questions this meta-analysis aims at answering.  

Finally, it has to be emphasized that the fact that none of the moderators dealt with in 

the preceding paragraphs was significant does not necessarily mean that they really do not 

have an influence on the effect size. Apart from the fact that such an influence may hold for 

disorders not represented in this analysis, the other explanation one generally has to take into 

account is that insignificant results may have arisen due to a lack of statistical power. Based 

on the specific data structure of this meta-analysis (varying numbers of data points extracted 

from each study) it would have been nearly impossible to estimate the statistical power of the 

meta-regression performed. Yet, it seems plausible that its power was by far lower than the 

one of the intercept-only models, so that insignificant results should not be treated as definite 

evidence that a variable indeed does not exhibit any influence on the effect size.  

 

5.4 Final Meta-Regressional Model 

 The stepwise selection process yielded three significant moderating variables, which 

in sum explained 41.38 % of the variance between studies. On the one hand, this figure is 

notably high when compared with common values of R2 in typical regressional analyses. On 

the other hand, it implies that another considerable amount of variance remains unexplained, 

which suggests that there may be more potential moderating variables than those examined in 

this meta-analysis. For instance, this remaining variance may have arisen from differences 

concerning aspects of the studies’ methodology that were not explicitly mentioned and there-

fore not included in the coding sheet. A second explanation for this remaining amount of het-

erogeneity is that some of the other moderators that were discarded actually do have an influ-

ence on the effect size, but the meta-regressional model applied here lacked the necessary 

statistical power to detect it. Third, the remaining heterogeneity might also be due to mere 

noise, thus constituting nothing more than an artifact.  
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5.4.1 Process and Outcome Measure 

 Interestingly, the three moderators that reached significance were process measure, 

outcome measure, and the composite scale termed study quality. As proposed by Foa and 

Kozak (1986), who strongly emphasized the physiological operationalization of initial fear 

activation, the size of the correlation between IFA and outcome was indeed significantly in-

fluenced by whether a physiological measure (heart rate or skin conductance) or a measure 

based on fear ratings (self-report or external rating) was chosen. However, the influence of the 

sort of outcome measure applied was even twice as large, with a physiological one leading to 

a marked increase in the correlation. The third significant moderator variable was – quite sur-

prisingly – study quality, i.e. the composite scale reflecting the study’s general quality and the 

data point’s validity with regard to testing the predictions of EPT.  

 The fact that the size of the correlation between IFA and treatment outcome was 

shown to increase when applying a physiological as compared to a non-physiological process 

measure is consistent with Foa and Kozak’s (1986) central idea that the fear structure’s acti-

vation is best indicated by physiological parameters. Furthermore, it is in line with the find-

ings concerning desynchrony of fear (reviewed in section 2.3.4), which imply the conclusion 

that the construct of fear is a very heterogenous one consisting of at least three different facets 

that are to a large extent independent from one another. According to Hodgson and Rachman 

(1974), these three facets are represented by three different response systems, comprising the 

experiential system (which is involved when using self-report ratings of fear), the behavioral 

system (whose involvement is reflected e.g. by behavioral approach tests), and the psycho-

physiological system, for which heart rate and skin conductance are prominent indicators. As 

Table 19 displays, only physiological indicators of initial fear were able to predict outcome to 

exposure therapy at least to some extent, while parameters belonging to the other two re-

sponse systems rather led to correlations close to zero or even to negative ones, unless study 

quality reached its maximum value (as in scenario 6).  

Importantly, the same direction of effect was evident for outcome measure, even 

though it has to be noted that this result should be treated with caution due to the small num-

ber of degrees of freedom. Yet, the interesting thing about this moderator is that its effect on 

the size of the correlation is most likely to reflect an artifact due to the circumstance that both 

process and outcome variable were measured the same way, leading to a statistical association 

that is probably mainly due to this sort of methodological overlap. However, since the moder-

ator degree of overlap was not significant, this effect is indeed limited to physiological 

measures of fear and does not reflect a general problem of conceptual overlap. In sum, thus, 
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the correlation between IFA and outcome to exposure therapy was shown to rise if a physio-

logical process measure was applied instead of one based on fear ratings, however, it in-

creased even more markedly when additionally applying a physiological measure of outcome 

– a phenomenon that is likely to be an artifact and that does not hold for measures based on 

ratings. Notably, the high correlations between physiological process and outcome measures 

are not really in line with EPT, as Foa and Kozak (1986) strongly emphasize that outcome to 

exposure therapy should be operationalized as broadly as possible, including a wide range of 

symptoms and the patient’s overall level of functioning – in contrast to mere physiological 

parameters, which are not very close to these concepts.  

In spite of this probably artifactual effect, the question that arises from this result is: 

What makes physiological indicators of fear so special? Literature suggests that this area of 

research is marked by controversy and inconsistent results. Not only are physiological 

measures of fear often unrelated to measures addressing the other two response systems (see 

section 2.3.4); also, the same applies to different physiological indicators of fear. Berntson, 

Cacioppo, and Quigley (1991) provide a very detailed account on the frequently described 

dissonance between various physiological correlates of unpleasant emotions. One of their 

major conclusions concerning autonomic indicators of fear is that heart rate is a comparably 

unspecific one, since it is influenced by two antagonistic systems – the sympathetic system 

and the vagal (i.e. parasympathetic) system, whereas skin conductance is only influenced by 

sympathetic activity and therefore a more valid indicator of fear. As suggested by Aue, Hoep-

pli, and Piguet (2012), another difference lies in the intensity of fear these two measures are 

sensitive to. While in their study, heart rate proved to be sensitive to the whole continuum of 

subjectively rated fear (i.e. also to very high and very low levels), skin conductance was 

shown to mirror only extreme levels of fear. Also, Aue et al. found that skin conductance was 

not able to distinguish phobics from healthy controls, whereas heart rate was, thus providing 

partial evidence for the Defense Cascade model put forward by Bradley and Lang (2007, see 

section 2.3.4). By contrast, Lang, Greenwald, Bradley, and Hamm (1993) chose an even dif-

ferent approach by examining the factor loadings of different fear indicators on the factors 

arousal and valence, which are frequently used to describe different emotional states. What 

they found was that heart rate and skin conductance differed diametrically concerning their 

factor laodings, with heart rate clearly favoring the valence factor and skin conductance load-

ing predominantly on the arousal factor. Furthermore, their results revealed that neither of the 

two measures was specific to fear, with heart rate assuming similar values in the context of 
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erotic, happy and even neutral stimuli, and skin conductance exhibiting similarly high or even 

higher values for stimuli evoking sadness, disgust, and eroticism.  

In sum, this evidence suggests that physiological measures of fear can be questioned 

in terms of their specifity, their validity, and their sensitivity to varying intensities of fear, 

which in many respects holds for both skin conductance and heart rate. Thus, it remains large-

ly unexplained what exactly is being reflected by these measures, which limits the usefulness 

of autonomic indicators of fear. As a consequence, the correlation between these physiologi-

cal measures of presumed fear cannot necessarily be interpreteted as evidence that the activa-

tion of the fear network proposed by Foa and Kozak (1986) is an ultimate requirement for 

emotional processing, even though the size of the correlation coefficients already indicates 

that we are dealing with anything but a necessary condition. Instead, this association may e.g. 

simply be due to the fact that high physiological reactivity constitutes a broadly beneficial 

condition for therapeutic improvement, since it reflects a general form of flexibility, which, in 

turn, may be an especially strong predictor of long term autonomic changes as reflected by 

physiological outcome measures – even though, as discussed above, this effect is very likely 

to be a methodological or statistical artifact. In fact, this explanation seems plausible, as it is 

hard to make sense of that physiological measures are able to predict treatment outcome, 

whereas conciously reported fear is not – given the assumption of a fear structure as suggest-

ed by EPT. Yet, this idea is nothing more than a wild guess and definitely requires further 

research.  

Also, however, future research should enlarge upon the question whether desynchrony 

as such is detrimental concerning treatment outcome (as suggested by Grey et al., 1980), and, 

if so, provide interventions that foster synchrony among the different response systems. Cer-

tainly, one important practical implication of the findings concerning IFA is that when deliv-

ering exposure therapy, it should not generally be regarded as pivotal to push up the patient’s 

fear to a high level – at least as long subjective ratings of fear are applied.  

 

5.4.2 Study Quality 

 Most surprisingly, when controlling for the influences of all other moderating varia-

bles, study quality was shown to have a significant and considerable influence on the effect 

size, with the correlation coefficient rising as study quality increased. Even when taking into 

account that in the case of IFA it only varied between 16 and 24, this accounts for a range of 

1.44 in the metric of Fisher’s z values. As this variable is a composite scale made up by eight 

variables from the coding sheet, its interpretation is fairly difficult. Notably, it both comprises 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   74 

variables of general quality (such as the sort of publication and the degree of outcome report-

ing bias) and of each data point’s validity concerning the testing of the predictions derived 

from EPT (e.g. the type of sample, the purity of exposure treatment, and the use of pre-post 

difference scores versus post-scores). Importantly, this composite scale includes four varia-

bles that were also investigated separately in the course of the meta-regression reported in 

Table 16, however, the regressional design precluded any confound problems.  

 As it was made up by eight variables, it is impossible to say which variables primarily 

account for the effect of study quality. Since it included four variables whose unique influence 

had already been examined previously, it seems tempting to infer that the observed effect 

must be due to the other four variables. However, this conclusion would be inappropriate, for 

the effect may also be due to certain interactions that were not investigated in the course of 

meta-regression because of insufficient statistical power. Probably, the more promising way 

of arriving at a reasonable conclusion is to remember the construct this composite scale was 

intended to reflect. Next to quantifying a study’s general quality by applying classical criteria, 

it was meant to assign those studies a high value that seemed appropriate for testing the model 

by Foa and Kozak (1986) because e.g. they reported on a clinical sample, employed highly 

pure exposure treatment and computed a correlation that excluded any participants who did 

not receive exposure treatment at all. Thus, one may conclude that indeed, a more thorough 

consideration of these criteria was shown to lead to higher correlations between IFA and out-

come to exposure therapy, so that in the case of non-physiological measures of fear, low study 

quality even leads to negative correlations between IFA and outcome. Note, however, that 

these findings, as well as those discussed in section 5.4.1, are affected by the same limitations 

as the moderators discussed in section 5.3. 

 

5.5 General Discussion: Integration of Results 

 In sum, the results of this meta-analysis neither suffice to refute nor to confirm EPT, 

whereas the conclusions are different depending on which process variable we deal with. 

However, one conclusion that equally holds for all three variables is that neither of them con-

stitutes a necessary requirement for therapeutic improvement to occur, given the size of the 

correlation coefficients and the findings of studies that demonstrated good treatment outcome 

in the absence of these variables (as summarized by Craske et al., 2008). Notably, this analy-

sis has yielded confirmatory evidence concerning the two variables (WSH and BSH) that ac-

tually constitute mechanisms in a sense that they mediate between treatment and outcome (cf. 
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Kazdin, 2007), while failing to produce a clear picture concerning the presumed prerequisite 

for these mechanisms to occur, i.e. IFA.   

 The meta-analysis on the correlation between IFA and outcome to exposure treatment 

was marked by a weighted mean effect that was non-significant and by an enormous amount 

of heterogeneity that could only partly be explained through the three moderator variables 

dealt with in section 5.4, so that it seems just to assume that the residual variance is either 

purely artifactual or due to further moderating variables that were not considered in this anal-

ysis. It was shown, though, that the size of the correlation varied depending on the process 

and outcome measure chosen as well as on the studies’ quality and the extent to which each 

data point was regarded as valid in terms of testing the theory put forward by Foa and Kozak 

(1986). However, all evidence suggests that the pivotal role of IFA with regard to treatment 

outcome is highly questionable when taking into account the lack of substantial correlations 

for non-physiological indicators of fear and the limited validity of physiological measures. 

Meanwhile, the few very high correlations are probably all due to the artifactual effect arising 

from correlating a physiological process measure with a physiological outcome measure.  

However, concluding that initial fear activation is definitely irrelevant would not be 

correct, either, since there are at least two further explanations that could account for these 

findings, which, however, could not be investigated within the scope of this meta-analysis. 

First, it might be the case that indeed, the experience of initial fear is beneficial for therapeutic 

improvement, whereas, however, there is not necessarily a linear relationship between the 

intensity of fear and outcome. Rather, it might be that a certain level of fear is beneficial, 

while going beyond this level is no more advantageous. Second, it might in fact be the case 

that the relationship between IFA and outcome is best described by a curvilinear relationship 

(as e.g. shown for the treatment of depression by Carryer & Greenberg, 2010). Both aspects 

would be precluded by computing linear correlations, which form the basis of this meta-

analysis. Thus, a definite conclusion is yet pending; however, these two perspectives also ap-

pear promising with regard to the finding that in contrast to Foa and Kozak’s view, distraction 

from the frightening stimulus does not seem to be necessarily detrimental (Podina et al., 2013; 

Schmid-Leuz et al., 2007). 

 An entirely different picture emerges for the case of the two habituation variables, for 

which – given the limitations discussed – significant linear correlations of medium to high 

size were found. At first sight, this may seem contradictory, since evidence for the role of 

IFA, which is regarded by Foa and Kozak (1986) as the requirement for habituation, is sparse. 

However, these two mechanisms make sense even outside the borders of the framework pro-
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vided by EPT and can also be explained by means of more recent cognitive approaches to the 

treatment of anxiety disorders. This idea receives further support from the fact that in contrast 

to IFA, WSH and BSH exhibited strong associations with outcome regardless of whether they 

were measured physiologically or via fear ratings. In fact, Foa and Kozak themselves, as well 

as Foa and McNally (1996), already provided various starting points for explanations that 

strongly resemble typical cognitive theories, which shall be briefly reviewed next. 

 

5.5.1 Cognitive Theories: Hypothesis Testing and Self-Efficacy 

 As behavioral accounts of exposure therapy were increasingly being critized for rea-

sons outlined in section 2.2, cognitive theories on the efficacy of exposure treatment became 

more and more prominent. According to Clark (1999), exposure should aim at correcting pa-

tients’ faulty beliefs concerning the phobic situation or the phobic stimulus, such as the ex-

pectation that something terrible will happen when being confronted with it. In contrast to the 

habituation rationale, thus, the primary goal is not to experience fear reduction but rather to 

stay in the feared situation as long as necessary to test whether such expectations actually 

come true. This perspective draws on classical cognitive theories stating that the relevant in-

tervening variable between stimulus and response is a cognition in the form of an appraisal or 

an interpretation (e.g. Beck & Clark, 1988), which can be directly tested by means of such a 

re-designed exposure task that is generally referred to as behavioral experiment (e.g. Clark, 

1999).  

 As already mentioned, Ougrin (2011) examined the relative efficacy of CBT as op-

posed to pure behavioral therapy with regard to anxiety disorders and arrived at the conclu-

sion that generally, both approaches appeared to be similarly effective, whereas in terms of 

social phobia, CBT yielded even higher effect sizes. By contrast, McMillian and Lee (2010) 

systematically reviewed studies that directly compared exposure exercises applying the habit-

uation rationale with behavioral experiments in terms of their efficacy and concluded that 

there is preliminary evidence for the superiority of behavioral experiments.  

Within the framework of cognitive theory, WSH can be regarded as disconforming ev-

idence concerning the dysfunctional belief that fear will never decline, whereas BSH (even 

though it conceptually overlaps with treatment outcome) can be seen as reflecting long term 

changes concerning patients’ distorted threat appraisals, i.e. a correction of the belief that the 

feared stimulus is dangerous. Both aspects have already been outlined by Foa and Kozak 

(1986), however, without using the vocabulary that is typical of cognitive theories. Further-

more, Foa and McNally (1996) already suggested that exposure therapy also involves altera-
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tions concerning further propositional meanings such as the stimulus’s valence and the va-

lence of the anticipated consequences, which – from a cognitive perspective – would be con-

sidered hypothesis testing. Importantly with respect to IFA, these processes are conceivably 

independent from the amount of fear the person experiences. Also, this perspective is in ac-

cordance with the findings from extinction research, which suggest that improvement through 

exposure therapy is highly context-specific (Bouton, 2002). In fact, this makes sense when 

contemplating that dysfunctional cognitions or – applying the vocabulary suggested by Foa 

and McNally (1996) – propositions are often very detailed and do include a lot of context 

information, implying that different aspects of these propositions have to be subject to differ-

ent tests.  

Whereas there is an ongoing and yet unresolved debate on whether cognitive interven-

tions really have an independent and additive effect beyond behavioral ones, this debate is 

further complicated by the fact that there is no established definition of cognitive versus be-

havioral treatment in the case of anxiety disorders and that in practice, overlap is far too large 

to make a reasonable distinction. Whereas even an exposure task designed according to the 

behavioral fear-reduction rationale is likely to lead to the correction of the mislead expectancy 

that fear will never decline, a behavioral experiment may also make use of fear reduction pro-

cesses to correct faulty appraisals (Deacon & Abramowitz, 2004). Thus, one may conclude 

that cognitive approaches to fear and anxiety definitely offer a promising perspective for ex-

plaining why exposure therapy works. Moreover, they offer the possibility of testing many 

more dysfunctional beliefs than solely the expectation that fear will persist forever. In sum, 

this suggests that it seems reasonable to assume that behavioral (i.e. exposure) therapy and 

cognitive therapy share the same working mechanism: the testing of dysfunctional beliefs.   

 Another cognitive approach to explain why exposure therapy works affects the experi-

ence of personal control of the situation, which is closely related to the concept of self-

efficacy (Bandura, 1969, 1977) and which has already been suggested by Foa and Kozak 

(1986) with regard to BSH. According to this perspective, a key element of the efficacy of 

exposure therapy is that the patient perceives control of the frightening situation he is in. Evi-

dence for this for instance comes from a randomized controlled trial (Rachman, Craske, Tall-

man, & Solyom, 1986) dealing with agoraphobic patients who were treated with exposure. 

However, whereas exposure for one group rigorously ruled out any possibility of escaping the 

situation, participants in the second group were told that they were allowed to leave the situa-

tion if their level of fear exceeded a certain threshold. The results surprisingly indicated no 

difference concerning outcome, neither in terms of short-term nor concerning long-term ef-
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fects. Neither did the second group display an increased amount of avoidance behavior subse-

quent to treatment – even though these patients experienced less fear during exposure than 

patients from the first group.  

However, these results have to be interpreted with maximal caution due to various limitations, 

the most crucial of which are the lack of generalizability concerning other anxiety disorders, 

the fact that the long duration of sessions may have caused other working mechanisms to 

outweigh the effect of self-efficacy (Michael & Tuschen-Caffier, 2008) and, most important-

ly, the small sample size that implied an extremely low statistical power for a test of the hy-

pothesis that two treatment conditions do not differ, which was the case in this study.   

Despite these limitations, self-efficacy as the experience of coping with a frightening 

situation appears as a reasonable perspective for explaining the efficacy of exposure therapy. 

Also, it is linked to a possible interpretation of the trend towards negative correlations be-

tween non-physiologically measured IFA and outcome: Apart from being due to low study 

quality, this phenomenon might also have arisen for the fact that intensive fear reduces the 

experience of personal control and self-efficacy, thereby interfering with therapeutic change. 

Furthermore, self-efficacy serves well as an explanation for the finding that exposure therapy 

can be effective even if a session is ended at the point of maximum fear (as summarized by 

Craske et al., 2008). Even though this finding indicates that therapeutic improvement occurs 

in the absence of WSH, this seems anything but unreasonable, for WSH must not be regarded 

as a necessary requirement for change and since the experience of self-efficacy can be 

brought about equally well by habituation across sessions (BSH) – a finding, which, besides, 

calls into question that BSH cannot occur without WSH. 

 

5.5.2 Computational Network Model: What Counts is Dissonance 

 Finally, the discussion of results shall briefly turn to a very recent model proposed by 

Tryon (2005), which can be best described as a computational network model, whereas Tryon 

himself refers to his model as “connectionist learning-memory mechanism” (p. 67). The cen-

tral part of this theory is the assumption of a memory network that in the case of an anxiety 

disorder has been subject to plenty of dysfunctional learning processes leading to correspond-

ing synaptic changes at the neurobiological level. One of this network’s key characteristics is 

that it constantly strives for consonance and stability. According to Tryon, all that therapeutic 

interventions have to accomplish is to create dissonance within the model, which is done by 

having the patient exhibit behavior that is incompatible with the old network, e.g. staying in-

side a frightening situation instead of escaping from it (a behavior represented by the old net-
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work). Therapeutic improvement then results from the network’s drive towards consonance, 

by incorporating new learning experiences into the model, which is again reflected by synap-

tic changes. Behavior change is supposed to be a continuous phenomenon, as behavior is 

thought to reflect “a consensus process that emphasizes goodness of fit between current and 

cumulative prior experience“ (p. 83). The great merit of this model certainly is that it recon-

ciles many of the competing theories dealt with, as it emphasizes that the only necessary con-

dition for initiating change is the creation of dissonance – which is equally accomplished by 

systematic desensitization, exposure exercises or behavioral experiments, regardless of 

whether patients are allowed to escape, to use safety behaviors or to mentally distract them-

selves. Therefore, the results of this meta-analysis are also in line with this model, since both 

WSH and BSH arise from dissonant behavior and can be regarded as reflecting the network’s 

strive towards consonance.   

 Importantly, a central prediction derived from this model is that with each learning 

process, cognition, behavior and emotion are suggested to change simultaneously. Unfortu-

nately, this is neither in line with clinical observations (Michael & Tuschen-Caffier) nor with 

empirical results showing that for instance in cognitive therapy, emotions change subsequent-

ly to cognitions (e.g. Teachman, Marker, & Clerkin, 2010). Also, the practical implications of 

this model remain largely unresolved, as it seems hardly possible to think of interventions that 

simultaneously target behavior, cognitions, and emotions. Therefore, a definitive assessment 

of this model is yet pending.  

 

 

 

 

 

 

 

 

 

 

 

 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   80 

6. Conclusion and Outlook 

 

 To conclude, this meta-analysis has found partial evidence for emotional processing 

theory as one perspective on possible mechanisms for why exposure therapy works. The 

weighted mean correlations found for both within-session habituation and between-session 

habituation are in line with Foa and Kozak’s theory, suggesting a mediating role between 

treatment and outcome. However, the size of the correlations and previous research findings 

indicate that these two mechanisms can be regarded neither as necessary requirements nor as 

sufficient conditions for positive outcome to exposure treatment. By contrast, IFA was (on 

average) not shown to have a linear relationship with treatment outcome, whereas comparably 

high correlations were observed for physiological indicators of fear and for studies of high 

overall quality and validity in terms of testing the predictions of EPT. Since the validity and 

specifity of autonomic parameters presumed to reflect fear must be questioned, it remains 

unclear what is reflected by these correlations, whereas it cannot be ruled out that they merely 

constitute a methodological artifact. Therefore, further research is needed to shed light on this 

relationship. Specifically, future research should address the question which degree of initial 

fear is optimal to achieve therapeutic improvement and elucidate whether the relationship 

between IFA and outcome can indeed be better described by a curvilinear relationship instead 

of a linear one. Similarly, a further research question may be whether high physiological reac-

tivity constitutes a sort of overall beneficial condition for therapeutic change, which might 

account for the association between physiological measures of initial fear and outcome. Also, 

research should re-address the question whether desynchrony of fear as such has a detrimental 

effect on therapeutic improvement and, if so, develop interventions to foster synchrony 

among the different response systems involved in the experience of fear. 

 Whereas the comparably high correlations between WSH and outcome as well as be-

tween BSH and outcome can be taken as evidence in favor of EPT, doubt is cast on this by 

the fact that the presumed requirement for these two mechanisms – IFA – has not received 

strong support. In fact, this pattern of results can equally well be accounted for by the frame-

works of cognitive theory, whereas the disconfirmation of faulty appraisals – based on the 

experience of fear reduction within and between sessions – appears to be the most promising 

perspective, next to approaches emphasizing self-efficacy. In this context, it should be noted 

that the classical habituation rationale derived from Foa and Kozak’s theory can equally well 

be regarded as a behavioral experiment testing the expectation that fear will persist forever. 
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However, the great merit of cognitive theories is that they allow to design behavioral experi-

ments making it possible to even test a broad range of dysfunctional cognitions beyond that. 

Finally, the computational network model proposed by Tryon (2005) offers another perspec-

tive that is in line with much of the contradictory evidence concerning the working mecha-

nisms of exposure therapy, whereas it also has got certain shortcomings concerning its practi-

cal application. However, the imminent idea derived from integrating the results of this meta-

analysis with the other evidence reviewed is that eventually, most of the competing theories 

on how exposure therapy works actually represent different sides of the same coin, suggesting 

that the majority of different treatments developed for anxiety disorders may actually share 

the same working mechanisms – an aspect that especially holds for exposure therapy applying 

the habituation rationale and cognitive therapy stressing hypothesis testing. Yet, further re-

search is definitely needed to shed more light on this idea. 

 Importantly, the results of this meta-analysis have to be viewed in the light of various 

limitations, the most important of which is that they are based on a comparably small range of 

different disorders, comprising simple phobia, agoraphobia, OCD, trauma-related disorders 

and related subclinical phenomena. Notably, yet, the same applies to EPT itself, which is 

largely based on only two diagnoses – simple phobia and OCD. Thus, although it seems rea-

sonable to assume that similar working mechanisms also hold for other anxiety disorders, this 

has yet to be demonstrated. Note, however, that the present analysis has shown that the prin-

ciples discussed above apply to at least three disorders (PTSD, ASD, and OCD) that are in 

fact no longer subsumed under the diagnostic group of anxiety disorders in DSM-5 (APA, 

2013). The second limitation affects reporting bias, whereas publication bias was shown to be 

comparably negligible, with the only exception being that a number of studies investigating 

the link between the three process variables and outcome had to be excluded from this meta-

analysis for methodological reasons – mostly because only regressional analyses were per-

formed. Selective reporting, by contrast, did constitute an issue in this meta-analysis, but was 

not shown to influence the results in any substantial way. Third, it has to be taken into ac-

count that even WSH and BSH fail to meet all criteria of a mechanism of therapeutic change 

as defined by Kazdin (2007), even though the issue of causality can be considered a problem 

of second order, since at least in terms of WSH, it is clear that the mechanism precedes the 

outcome. Fourth, it has to be noted that the influence of further potential moderators concern-

ing the relationship between IFA and outcome might have been precluded by insufficient sta-

tistical power, implying another topic for future research. 
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 Finally, and under consideration of the limitations discussed, one of the most im-

portant practical implications derived from this meta-analysis is that the established practice 

of pushing a patient’s fear or anxiety to its limits in the course of exposure therapy should 

definitely be reconsidered. This is most strikingly the case when patients are asked to provide 

subjective ratings of their fear – since there is no evidence indicating that the common maxim 

of “the more, the better” applies to this case.   
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Appendix A: 

Search Terms Used for the Keyword-Based Literature Search 

 

 

A1. Search Term Applied to the Databases PsycINFO, PSYNDEX, PsycARTICLES,  
       and ERIC 

(”exposure therapy“ OR ”exposure treatment“ OR ”exposure session“ OR ”fear modification“ 
OR flooding OR ”in vivo exposure“ OR ”imaginal exposure“  
OR 
 ((”behavior therapy“ OR ”behaviour therapy“) AND (”anxiety disorder“ OR phobia OR 
”generalized anxiety disorder“ OR GAD OR OCD OR ”obsessive-compulsive disorder“ OR 
”posttraumatic stress disorder“ OR PTSD OR panic OR agoraphobia)))  
 
AND  
 
(activation OR process OR habituation OR ”anxiety during treatment“ OR ”fear during treat-
ment“ OR ”initial fear“ OR ”initial anxiety“ OR arousal OR within-session OR between-
session OR ”heart rate“ OR ”skin conductance“ OR “emotional processing“ OR “process var-
iable“ OR “process measure“) 
 
 

A2. Reduced Search Term Applied to the Database PubMed 

(”exposure therapy“ OR “exposure treatment“ OR flooding)  
 
AND  
(anxiety OR fear OR phobia OR ”post-traumatic stress disorder“ OR “obsessive-compulsive 
disorder“ OR OCD OR PTSD OR panic OR GAD)  
 
AND  
 
(habituation OR habituate OR ”emotional processing“ OR process OR within-session OR 
between-session OR ”initial fear“ OR ”heart rate“ OR ”skin conductance“) 
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Appendix B: 

Exemplary Email Texts Used for Written Correspondence With Study Authors 

 

 

B1. Request Concerning a Journal Article 

 

Dear Dr. Culver: 

I am a graduate student and researcher at the University of Muenster in Germany. As part of 

my master thesis in clinical psychology I am conducting a meta-analysis on the three process 

variables suggested by Foa & Kozak (1986) and their relation to therapy outcome. In the 

course of my literature research I became aware of one of your articles that I would really like 

to include in the meta-analysis because it covers exactly the topic I am dealing with (please 

see below for the exact reference).   

In the below-mentioned article (page 791, sections 3.5.1 - 3.5.4), you report regressional 

analyses using intial fear activation and within-session habituation as predictors of the "Test-

2" values in the SSPS and the PRCS. As in my thesis I only focus on correlation coefficients, 

I would kindly like to ask whether it was possible for you to compute the corresponding cor-

relation coefficients and send them to me. Alternatively, I would also be thankful if you pro-

vided me with data that enabled me to compute the correlation coefficents myself. Also, it 

would be of great importance for me to know whether in your analysis you controlled for the 

pre-treatment values.  

I would really appreciate your efforts in providing me with the relevant information. Would it 

be possible to provide me with the data and the information on whether you controlled for the 

pre-treatment values until April 4? I would be very thankful for such a quick reply as I have 

only very limited time for my thesis. Thank you very much in advance! 

 

The reference of the article I am referring to is the following:  

Culver, N. C., Stoyanova, M., & Craske, M. G. (2012). Emotional variability and sustained 

arousal during exposure. Journal Of Behavior Therapy And Experimental Psychiatry, 43(2), 

787-793. doi:10.1016/j.jbtep.2011.10.009  
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Kind regards,  

Christian Rupp 

 

B2. Request Concerning a Dissertation 

 

Dear Dr. Gleiser: 

I am a graduate student and researcher at the University of Muenster in Germany. As part of 

my master thesis in clinical psychology I am conducting a meta-analysis on the three process 

variables suggested by Foa & Kozak (1986) and their relation to therapy outcome. In the 

course of my literature search I became aware of your dissertation titled "Emotional arousal 

during therapy for posttraumatic stress disorder with childhood sexual abuse survivors", 

which caught my attention because in the Abstract it says: "Higher peak arousal (...) at the 

beginning of therapy were related to more symptom reduction".  

As in my thesis I only focus on correlation coefficients between process measures on the one 

hand and outcome variables on the other, I would kindly like to ask if you could tell me 

whether your dissertation includes any corresponding correlation coefficients. If so, I would 

be very thankful if you could provide me with a pdf-version of your dissertation via e-mail. 

Alternatively, I would also be thankful if you provided me with data that enabled me to com-

pute the correlation coefficents myself. 

I would really appreciate your efforts in providing me with the relevant information. Would it 

be possible to provide me with the data until April 4? I would be very thankful for such a 

quick reply as I have only very limited time for my thesis. Thank you very much in advance!  

   

Kind regards, 

Christian Rupp 

 

 

 

 

 

 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   100 

Appendix C: 

Coding Sheet 

 

	  

0.	  Missing	  values	  

1.	  Values	  missing	  because	  information	  concerning	  this	  point	  is	  missing	  in	  the	  text	  =	  missing	  

2.	  Values	  missing	  because	  variable	  is	  inadequate	  in	  the	  present	  case	  =	  inad	  

	  

1.	  General	  Characteristics	  

1.01	  Reference	  (name)	  

1.02	  Year	  of	  publication	  (metric)	  

1.03	  Journal	  or	  book	  title	  (name)	  

1.04	  First	  author	  (name)	  

1.05	  Type	  of	  document:	  Peer-‐reviewed	  article	  vs.	  dissertation	  vs.	  book	  chapter	  

• peer	  vs.	  diss	  vs.	  chap	  

1.06	  Type	  of	  study:	  randomized	  controlled	  trial	  vs.	  clinical	  trial	  vs.	  experimental	  design	  	  

• RCT	  vs.	  CT	  vs.	  EX	  	  

1.07	  Groups	  compared/design	  of	  study	  (describe)	  

1.08	  Hypotheses/research	  questions	  (describe)	  

	  

2.	  Sample	  Characteristics	  

2.01	  Percentage	  of	  females	  (metric,	  %)	  

2.02	  Average	  age	  (metric,	  years)	  

2.03	  Standard	  deviation	  from	  average	  age	  (metric,	  years)	  

2.04	  Type	  of	  sample:	  clinical	  vs.	  subclinical	  sample	  

• clin	  vs.	  sub	  

2.05	  Diagnosis/diagnoses	  (name)	  

2.06	  Category	  of	  diagnosis:	  simple	  vs.	  complex	  vs.	  subclinical	  

• simple	  vs.	  complex	  vs.	  sub	  

2.07	  Average	  duration	  of	  symptoms	  in	  sample	  (metric,	  years)	  
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2.08	  Average	  time	  passed	  since	  trauma	  (metric,	  years)	  

2.09	  Setting:	  inpatient	  vs.	  outpatient	  vs.	  mixed	  

• inpa	  vs.	  outpa	  vs.	  mix	  

2.10	  Randomization	  

• yes	  vs.	  no	  

2.11	  Instruments	  used	  to	  make	  diagnosis	  (name)	  

2.12	  Degree	  of	  comorbidity:	  

• low	  vs.	  medium	  vs.	  high	  

2.13	  Most	  frequent	  comorbid	  disorders	  in	  sample	  (name)	  

2.14	  Percent	  dropout	  rate	  (metric,	  %)	  

2.15	  Percent	  dropped	  out	  because	  they	  were	  non-‐responders	  (metric,	  %)	  

2.16	  Percent	  dropped	  out	  because	  they	  rejected	  or	  did	  not	  comply	  to	  treatment	  (metric,	  %)	  

-‐	  In	  case	  of	  PTSD	  or	  ASD	  -‐	  

2.17	  Sort	  of	  trauma	  (1):	  sexual	  assault	  vs.	  combat-‐related	  vs.	  accident	  vs.	  mixed	  vs.	  other	  	  

• sex	  vs.	  combat	  vs.	  acc	  vs.	  mix	  vs.	  other	  	  

2.18	  Sort	  of	  trauma	  (2):	  single	  trauma	  vs.	  multiple	  traumas	  vs.	  mixed	  

• single	  vs.	  mult	  vs.	  mix	  

2.19	  Sort	  of	  trauma	  (3):	  trauma	  occured	  during	  childhood	  vs.	  adulthood	  vs.	  both	  vs.	  mixed	  

• child	  vs.	  adult	  vs.	  both	  vs.	  mix	  

-‐	  In	  case	  of	  OCD	  -‐	  

2.20	  OCD	  subtypes	  (describe)	  

	  

3.	  Treatment	  Characteristics	  

3.01	  Setting:	  individual	  setting	  vs.	  group	  setting	  

• indiv	  vs.	  group	  

3.02	  Sort	  of	  exposure:	  in	  vivo	  vs.	  in	  sensu	  vs.	  in	  vivo+in	  sensu	  vs.	  virtual	  reality	  vs.	  

	  	  	  	  	  	  	  	  	  written	  emotional	  disclosure	  vs.	  mixed	  

• IV	  vs.	  IS	  vs.	  IVIS	  vs.	  VR	  vs.	  WED	  	  

3.03	  Inclusion	  of	  	  therapy	  elements	  other	  than	  exposure:	  yes	  vs.	  no	  

• yes	  vs.	  no	  

3.04	  Other	  therapy	  elements	  (name)	  
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3.05	  Homework	  exposure	  assignments:	  yes	  vs.	  no	  

• yes	  vs.	  no	  

3.06	  Simultaneous	  psychoactive	  medication:	  yes	  vs.	  partly	  vs.	  no	  

• yes	  vs.	  part	  vs.	  no	  

3.07	  Medication:	  substance	  and	  dose	  (name)	  

3.08	  Communication	  of	  a	  rationale:	  yes	  vs.	  no	  

• yes	  vs.	  no	  

3.09	  Rationale	  communicated	  (name)	  

3.10	  Number	  of	  exposure	  sessions	  (metric)	  

3.11	  Average	  duration	  of	  each	  exposure	  session	  (metric,	  minutes)	  

3.12	  Total	  time	  of	  exposure:	  short	  vs.	  medium	  vs.	  long	  vs.	  very	  long	  

• short	  vs.	  medium	  vs.	  long	  vs.	  vlong	  

3.13	  Title	  of	  manual	  applied	  (name)	  

3.14	  Accompaniment	  by	  therapist	  	  

• yes	  vs.	  no	  

3.15	  Treatment	  adherence	  as	  indexed	  by	  study	  authors	  

• good	  vs.	  fair	  vs.	  poor	  

3.16	  Therapists	  received	  special	  training	  	  

• yes	  vs.	  no	  

3.17	  Study	  authors	  served	  as	  therapists:	  exclusively	  vs.	  partly	  vs.	  no	  

• excl	  vs.	  partly	  vs.	  no	  

	  

4.	  Measure	  of	  Process	  Variables:	  General	  Aspects	  and	  IFA	  

4.01	  Hardware	  used	  for	  physiological	  recording	  (name)	  

4.02	  Parts	  of	  body	  used	  for	  physiological	  measurements	  (name)	  

4.03	  Sort	  of	  measure	  (broad):	  self-‐rating	  of	  fear	  vs.	  physiological	  measure	  online	  (HR	  or	  SC)	  

vs.	  external	  rating	  

	  self	  vs.	  phys	  vs.	  ext	  

4.04	  Sort	  of	  physiological	  measurement:	  heart	  rate	  vs.	  heart	  rate	  variability	  vs.	  skin	  	  

	  	  	  	  	  	  	  	  conductance	  vs.	  other	  

• HR	  vs.	  HRV	  vs.	  SC	  vs.	  other	  
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4.05	  Sort	  of	  IFA	  measurement	  (broad):	  peak	  heart	  rate	  vs.	  mean	  heart	  rate	  vs.	  heart	  rate	  

reactivity	  vs.	  heart	  rate	  variability	  vs.	  mean	  skin	  conductance	  vs.	  skin	  conductance	  reactivity	  

• pHR	  vs.	  mHR	  vs.	  HRr	  vs.	  HRV	  vs.	  mSC	  vs.	  SCr	  	  

4.06	  Sort	  of	  IFA	  measurement	  (exact)	  (describe)	  	  

4.07	  Baseline	  measurement	  conducted	  

• yes	  vs.	  no	  

4.08	  Time	  when	  IFA	  was	  measured:	  first	  exposure	  session	  vs.	  second	  exposure	  session	  vs.	  	  

	  	  	  	  	  	  	  	  	  later	  exposure	  session	  vs.	  average	  of	  various	  sessions	  vs.	  outside	  treatment	  

• first	  vs.	  second	  vs.	  later	  vs.	  avg	  vs.	  outside	  

4.09	  Sessions	  used	  to	  compute	  average	  (name)	  

4.10	  Sort	  of	  self-‐report	  measure:	  SUDs	  vs.	  other	  

• suds	  vs.	  other	  

4.11	  Range	  of	  self-‐report	  or	  external	  rating	  measure	  (metric)	  

	  

5.	  Measure	  of	  Process	  Variables:	  WSH	  

5.01	  Hardware	  used	  for	  physiological	  recording	  (name)	  

5.02	  Part	  of	  body	  used	  for	  physiological	  measurements	  (name)	  

5.03	  Sort	  of	  measure	  (broad):	  self-‐rating	  of	  fear	  vs.	  physiological	  measure	  online	  vs.	  external	  	  

	  	  	  	  	  	  	  	  	  assessment	  

• self	  vs.	  phys	  vs.	  ext	  

5.04	  Sort	  of	  physiological	  measurement:	  heart	  rate	  vs.	  heart	  rate	  variability	  vs.	  skin	  	  

	  	  	  	  	  	  	  	  conductance	  vs.	  other	  

• HR	  vs.	  HRV	  vs.	  SC	  vs.	  other	  

5.05	  Time	  when	  WSH	  was	  measured:	  first	  exposure	  session	  vs.	  second	  exposure	  session	  vs.	  	  

	  	  	  	  	  	  	  	  	  later	  exposure	  session	  vs.	  average	  of	  various	  sessions	  vs.	  other	  

• first	  vs.	  second	  vs.	  later	  vs.	  avg	  vs.	  other	  

5.06	  How	  WSH	  was	  computed	  (describe)	  	  

	  

6.	  Measure	  of	  Process	  Variables:	  BSH	  

6.01	  Hardware	  used	  for	  physiological	  recording	  (name)	  

6.02	  Part	  of	  body	  used	  for	  physiological	  measurements	  (name)	  
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6.03	  Sort	  of	  measure	  (broad):	  self-‐rating	  of	  fear	  vs.	  physiological	  measure	  online	  vs.	  external	  	  

	  	  	  	  	  	  	  	  assessment	  

• self	  vs.	  phys	  vs.	  ext	  

6.04	  Sort	  of	  physiological	  measurement:	  heart	  rate	  vs.	  heart	  rate	  variability	  vs.	  skin	  	  

	  	  	  	  	  	  	  	  conductance	  vs.	  other	  

• HR	  vs.	  HRV	  vs.	  SC	  vs.	  other	  

6.05	  How	  BSH	  was	  computed	  (describe)	  	  

	  

7.	  Operationalization	  of	  Outcome	  

7.01	  Sort	  of	  measure:	  external	  rating	  vs.	  self-‐rating	  vs.	  BAT	  parameters	  vs.	  heart	  rate	  vs.	  skin	  	  

	  	  	  	  	  	  	  	  conductance	  vs.	  composite	  score	  of	  self-‐rating	  and	  external	  rating	  

• ER	  vs.	  SR	  vs.	  BAT	  vs.	  HR	  vs.	  SC	  vs.	  comp	  

7.02	  Instrument	  (questionnaire/rating	  scale)	  or	  BAT	  parameters	  used	  (name)	  

7.03	  Physiological	  outcome	  variable	  (describe)	  

7.04	  Reliability	  of	  instrument	  (internal	  consistency)	  (metric)	  

• If	  not	  mentioned	  in	  text,	  try	  to	  find	  figure	  elsewhere	  in	  published	  articles.	  

7.05	  Total	  score	  range	  of	  symptom	  measure	  used	  (metric)	  

7.06	  Reference	  of	  article	  used	  to	  code	  7.03	  and	  7.04	  (name)	  

7.07	  Time	  of	  outcome	  measure:	  post	  vs.	  follow-‐up	  

• post	  vs.	  FU	  

7.08	  In	  case	  of	  follow-‐up:	  mean	  number	  of	  months	  since	  post-‐assessment	  (metric)	  

7.09	  Way	  of	  calculating	  outcome:	  difference	  score	  vs.	  percentage	  change	  vs.	  other	  

• diff	  vs.	  perc	  vs.	  other	  

	  

8.	  Characteristics	  of	  Results	  

8.01	  Partial	  correlation	  	  

• yes	  vs.	  no	  

8.02	  Variables	  partialled	  out	  (name)	  

8.03	  Correlated	  with:	  	  pre-‐post	  difference	  scores	  vs.	  with	  post-‐scores	  controlling	  for	  pre-‐	  

	  	  	  	  	  	  	  	  	  scores	  

• prepost	  vs.	  post	  
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8.04	  Correlation	  computed:	  only	  for	  groups	  that	  received	  exposure	  vs.	  computed	  across	  all	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  groups	  including	  such	  that	  were	  not	  treated	  with	  exposure	  

• expo	  vs.	  all	  

8.05	  If	  correlation	  was	  computed	  across	  all	  groups:	  proportion	  of	  people	  in	  the	  sample	  who	  	  

	  	  	  	  	  	  	  	  	  received	  exposure	  (metric,	  %)	  

8.06	  Type	  of	  correlation	  coefficient:	  Pearson	  vs.	  Spearman	  

• pearson	  vs.	  spearman	  

8.07	  Sample	  size	  IFA	  (metric)	  

8.08	  Sample	  size	  WSH	  (metric)	  

8.09	  Sample	  size	  BSH	  (metric)	  

	  

9.	  Results	  

9.01	  IFA	  (metric)	  

9.02	  WSH	  (metric)	  

9.03	  BSH	  (metric)	  

	  

10.	  Measures	  of	  Potential	  Bias	  

10.01	  Purity	  of	  exposure	  treatment:	  high	  vs.	  medium	  vs.	  low	  

• high	  vs.	  medium	  vs.	  low	  

10.02	  Degree	  of	  overlap	  between	  process	  and	  outcome	  measure:	  high	  vs.	  medium	  vs.	  low	  

• high	  vs.	  medium	  vs.	  low	  

10.03	  Outcome	  reporting	  bias:	  clearly	  evident	  vs.	  possible	  vs.	  no	  	  

• ce	  vs.	  pos	  vs.	  no	  

	  
11.	  “Study	  Quality“	  
	  

• General	  Characteristics	  

o 1.05:	  

" 1:	  diss	  /	  chap	  

" 3:	  peer	  

• Sample	  Characteristics	  
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o 2.04:	  

" 1:	  sub	  

" 3:	  clin	  

• Treatment	  Characteristics	  

o 10.01:	  

" 1:	  low	  

" 2:	  medium	  

" 3:	  high	  

• Measure	  of	  Process	  Variables	  

o 4.08	  (only	  for	  IFA):	  

" 1:	  outside	  /	  missing	  

" 2:	  second	  /	  later	  /	  avg	  

" 3:	  first	  

• Measure	  of	  Dependent	  Variable	  

o 7.01:	  

" 1:	  HR	  /	  SC	  

" 2:	  BAT	  (steps	  completed	  /	  anxiety	  during	  BAT)	  

" 3:	  ER	  /	  SR	  /	  comp	  (if	  it	  is	  a	  symptom	  measure	  and	  not	  only	  self-‐rated	  

fear	  during	  a	  BAT)	  

• Characteristics	  of	  Results	  

o 8.03:	  	  

" 1:	  post	  

" 3:	  prepost	  

o 8.04:	  	  

" 1:	  all	  

" 3:	  expo	  

• Measures	  of	  Potential	  Bias	  

o 10.03:	  

" 1:	  ce	  

" 2:	  pos	  

" 3:	  no	  

#	  Score	  ranges	  from	  8	  to	  24	  in	  terms	  of	  IFA	  and	  from	  7	  to	  21	  in	  terms	  of	  WSH	  and	  BSH.	  
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12.	  Additional	  variables	  for	  aggregated	  data	  set	  	  

12.01	  Aggregated	  IFA	  	  
• yes	  vs.	  no	  

12.02	  Aggregated	  WSH	  	  

• yes	  vs.	  no	  

12.03	  Aggregated	  WSH	  	  

• yes	  vs.	  no	  

12.04	  Number	  of	  values	  aggregated	  IFA	  (metric)	  	  

12.05	  Number	  of	  values	  aggregated	  WSH	  (metric)	  

12.06	  Number	  of	  values	  aggregated	  BSH	  (metric)	  

12.07	  Study	  Number	  (metric)	  
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Appendix D: 

Coding Guide 

 

	  

1.	  General	  Characteristics	  

1.03	  Journal	  or	  book	  title	  

• book	  title:	  if	  the	  study	  was	  published	  in	  a	  book	  

1.06	  Type	  of	  study	  

• RCT	  =	  clinical	  trial	  with	  at	  least	  experimental	  group	  and	  control	  group	  (i.e.	  another	  

active	  treatment,	  placebo,	  waiting	  list)	  that	  patients	  were	  randomly	  assigned	  to	  

• CT	  =	  clinical	  trial	  with	  only	  one	  treatment	  group	  

• EX	  =	  interventions	  which	  comprise	  no	  more	  1	  hour	  altogether	  and	  whose	  subjects	  

stem	  from	  a	  subclinical	  population	  

	  

2.	  Sample	  Characteristics	  

2.01	  –	  2.03	  	  

• This	  refers	  to	  the	  percentage	  of	  women,	  the	  average	  age	  and	  its	  SD	  in	  the	  whole	  

sample	  (whose	  n	  may	  differ	  from	  the	  n	  that	  the	  correlation	  has	  been	  computed	  for).	  

2.04	  Type	  of	  sample	  

• clinical	  =	  	  if	  a	  diagnosis	  according	  to	  DSM	  III,	  DSM	  III-‐R,	  DSM-‐IV	  or	  DSM-‐IV-‐TR	  is	  men-‐

tioned	  or	  if	  subjects	  are	  referred	  to	  as	  “patients“.	  

• subclinical	  =	  if	  there	  is	  no	  official	  diagnosis	  mentioned	  or	  if	  subjects	  are	  referred	  to	  as	  

“participants“	  instead	  of	  “patients“	  

2.06	  Category	  of	  diagnosis	  

• simple	  =	  any	  specific	  phobia	  and	  agoraphobia	  without	  panic	  disorder	  

• complex	  =	  all	  other	  anxiety	  disorders,	  PTSD	  and	  OCD	  

2.09	  Setting	  

• Whenever	  the	  sample	  can	  be	  categorized	  as	  subclinical,	  it	  was	  assumed	  that	  treat-‐

ment	  took	  place	  in	  an	  outpatient	  setting.	  
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2.10	  Randomization	  

• no	  =	  Also	  the	  case	  if	  the	  sample	  that	  analyses	  are	  based	  on	  is	  part	  of	  a	  larger	  study	  in	  

which	  randomization	  has	  taken	  place	  (as	  long	  as	  the	  study	  does	  not	  report	  on	  any	  

other	  treatment	  groups).	  

2.11	  Instruments	  used	  to	  make	  diagnosis	  

• Name	  either	  instruments	  such	  as	  SCID-‐IV,	  or	  the	  diagnostic	  manual	  applied	  (DSM-‐III,	  

DSM-‐IV,	  etc.).	  

2.12	  Degree	  of	  comorbidity	  

• low	  =	  at	  least	  75%	  had	  only	  one	  diagnosis	  (=	  the	  primary	  diagnosis)	  

• medium	  =	  between	  75%	  and	  25%	  had	  only	  one	  diagnosis	  

• high	  =	  less	  than	  25%	  had	  only	  one	  diagnosis	  

2.14	  Percent	  dropout	  rate	  	  

• Percentage	  of	  subjects	  who	  dropped	  out	  between	  decision	  about	  inclusion/exclusion	  

and	  data	  analysis	  	  

• If	  possible,	  choose	  the	  figure	  that	  represents	  dropout	  only	  for	  exposure	  conditions!	  

• Hence,	  the	  proportion	  of	  subjects	  who	  were	  included	  in	  the	  study	  and	  were	  excluded	  

before	  data	  analysis	  in	  comparison	  to	  the	  number	  of	  subjects	  included	  	  

• Note:	  2.14	  and	  2.15	  only	  display	  the	  most	  important	  reasons	  for	  dropout	  and	  are	  not	  

meant	  to	  be	  exhaustive	  categories,	  excluding	  e.g.	  missing	  values	  as	  a	  reason	  for	  ex-‐

clusion	  of	  participants.	  

2.16	  Percent	  dropped	  out	  because	  they	  rejected	  or	  did	  not	  comply	  to	  treatment	  

• =	  because	  they	  felt	  treatment	  was	  unsuitable	  or	  too	  intense	  for	  them	  or	  because	  

their	  treatment	  compliance	  was	  too	  low	  

2.17	  Sort	  of	  trauma	  (1)	  

• other	  =	  only	  sorts	  of	  trauma	  not	  mentioned	  here	  

• mixed	  =	  mix	  of	  traumas	  mentioned	  here	  or	  mix	  of	  traumas	  mentioned	  and	  not	  men-‐

tioned	  

2.18	  Sort	  of	  trauma	  (2)	  

• other	  =	  only	  sorts	  of	  trauma	  not	  mentioned	  here	  

• mixed	  =	  mix	  of	  traumas	  mentioned	  here	  or	  mix	  of	  traumas	  mentioned	  and	  not	  men-‐

tioned	  
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2.19	  Sort	  of	  trauma	  (3)	  

• other	  =	  only	  sorts	  of	  trauma	  not	  mentioned	  here	  

• mixed	  =	  mix	  of	  traumas	  mentioned	  here	  or	  mix	  of	  traumas	  mentioned	  and	  not	  men-‐

tioned	  

	  

3.	  Treatment	  Characteristics	  

3.02	  Sort	  of	  exposure	  

• in	  vivo	  =	  also	  „flooding“	  

• IVIS	  =	  Also	  the	  case	  when	  the	  correlation	  was	  computed	  across	  various	  treament	  

groups	  which	  all	  received	  different	  combinations	  of	  in	  vivo	  exposure	  and	  imaginal	  

exposure	  (i.e.	  e.g.	  one	  group	  received	  only	  IV,	  another	  only	  IS	  and	  a	  third	  one	  IVIS).	  

• „Exposure	  and	  ritual	  prevention“	  is	  coded	  as	  IV	  or	  IVIS,	  plus	  naming	  „ritual	  preven-‐

tion“	  under	  3.04	  

3.04	  Other	  therapy	  elements	  

• Also	  name	  response	  prevention!	  

3.05	  Homework	  exposure	  assignments	  

• Response	  prevention	  at	  home	  does	  not	  count.	  

3.06	  Simultaneous	  psychoactive	  medication	  

• partly	  =	  Some	  subjects	  of	  the	  sample	  were	  taking	  medication,	  while	  others	  were	  not.	  

3.10	  Number	  of	  exposure	  sessions	  	  

• Count	  only	  those	  that	  include	  exposure.	  

• A	  session	  that	  focuses	  on	  the	  creation	  of	  a	  trauma	  script	  is	  counted	  as	  an	  exposure	  

session	  (such	  as	  in	  in	  Freyth,	  2009).	  

• If	  the	  number	  of	  sessions	  varied	  across	  treatment	  groups	  and	  the	  correlation	  had	  

been	  computed	  across	  treatment	  groups:	  calculate	  the	  arithmetic	  mean	  of	  the	  num-‐

ber	  of	  sessions!	  

• missing	  =	  Also	  the	  case	  when	  the	  number	  of	  sessions	  varied	  across	  treatment	  groups	  

and	  when	  there	  was	  too	  little	  information	  to	  calculate	  an	  average	  number	  across	  

groups.	  

3.11	  Average	  duration	  of	  each	  exposure	  session	  

• If	  in	  the	  text	  it	  says	  e.g.	  ”30-‐45	  minutes“,	  compute	  the	  mean	  value	  (37.5).	  
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• If	  the	  necessary	  information	  is	  provided,	  only	  report	  the	  number	  of	  minutes	  dedicat-‐

ed	  to	  exposure	  treatment	  within	  each	  session.	  

• missing	  =	  Also	  the	  case	  when	  duration	  varied	  across	  treatment	  groups	  and/or	  when	  

there	  was	  too	  little	  information	  to	  calculate	  an	  average	  duration	  across	  groups.	  

3.12	  Total	  time	  of	  exposure	  

• short:	  total	  time	  ≤1	  hour	  

• medium:	  total	  time	  between	  1.01	  hours	  and	  4.99	  hours	  

• long:	  total	  time	  between	  5.01	  hours	  and	  14.99	  hours	  

• very	  long:	  ≥15	  hours	  

3.13	  Title	  of	  manual	  applied	  

• Also	  name	  reference	  of	  journal	  article	  if	  it	  includes	  instructions	  on	  how	  to	  conduct	  

treatment.	  

3.14	  Accompaniment	  by	  therapist	  	  

• yes	  =	  at	  least	  once	  

• yes	  =	  Also	  the	  case	  if	  treatment	  consisted	  only	  of	  virtual	  exposure	  or	  exposure	  to	  a	  

flooding	  scene	  via	  earphone,	  but	  nevertheless	  there	  was	  some	  interaction	  with	  a	  

therapist	  who	  gave	  instructions	  and/or	  asked	  the	  patient	  concerning	  her	  subjective	  

fear.	  

• no	  =	  No	  such	  interaction	  took	  place.	  

3.15	  Treatment	  adherence	  as	  indexed	  by	  study	  authors	  

• Use	  information	  given	  by	  study	  authors	  in	  order	  to	  assign	  one	  of	  the	  three	  catego-‐

ries.	  

3.17	  Study	  authors	  served	  as	  therapists	  

• partly	  =	  Authors	  served	  as	  therapists,	  but	  uninvolved	  people	  did	  so,	  too.	  

	  

4.	  Measure	  of	  Process	  Variables:	  General	  Aspects	  and	  IFA	  

4.05	  Sort	  of	  IFA	  measurement	  (broad)	  

• heart	  rate	  reactivity	  =	  increase	  of	  HR	  relative	  to	  baseline	  

• skin	  conductance	  reactivity	  =	  increase	  of	  SC	  relative	  to	  baseline,	  including	  the	  terms	  

“skin	  conductance	  deflections“	  and	  “skin	  conductance	  spontaneous	  fluctuations“,	  as	  

these	  necessarily	  imply	  a	  comparison	  with	  a	  baseline	  measure	  
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4.06	  Sort	  of	  IFA	  measurement	  (exact)	  

• E.g.:	  Average	  of	  what?	  How	  was	  reactivity	  computed?	  

4.08	  Time	  when	  IFA	  was	  measured	  

• first	  exposure	  session	  =	  also	  the	  case	  when:	  

o there	  was	  only	  one	  session	  

o IFA	  was	  measured	  in	  the	  session	  in	  which	  a	  patient	  was	  first	  confronted	  with	  

his	  most	  feared	  object	  (although	  there	  had	  been	  previous	  sessions	  with	  other	  

items)	  

• outside	  =	  1	  OR	  2	  

1. IFA	  was	  measured	  during	  an	  initial	  confrontation	  with	  the	  feared	  object	  /	  sit-‐

uation	  that	  took	  place	  before	  treatment.	  

2. IFA	  was	  measured	  as	  reactivity,	  using	  as	  a	  baseline	  measure	  a	  value	  after	  ex-‐

posure	  (instead	  of	  a	  value	  before	  exposure	  started).	  

	  

5.	  Measure	  of	  Process	  Variables:	  WSH	  

5.05	  Time	  when	  WSH	  was	  measured	  

• first	  exposure	  session	  =	  Also	  the	  case	  when	  there	  was	  only	  one	  session.	  

• first	  exposure	  session	  =	  Also	  the	  case	  when	  this	  was	  the	  first	  session	  in	  which	  the	  sub-‐

ject	  was	  first	  confronted	  with	  the	  most	  feared	  item	  or	  situation.	  

5.06	  How	  WSH	  was	  computed	  	  

• Difference	  between	  which	  two	  measures?	  

	  

6.	  Measure	  of	  Process	  Variables:	  BSH	  

6.05	  How	  BSH	  was	  computed	  	  

• Difference	  between	  which	  two	  measures?	  

	  

7.	  Operationalization	  of	  Outcome	  

7.01	  Sort	  of	  measure:	  	  

• external	  rating	  and	  self-‐report:	  on	  standardized	  scales	  

• BAT	  parameters:	  Name	  the	  parameters	  applied!	  



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   113 

• heart	  rate	  and	  skin	  conductance:	  as	  measured	  in	  feared	  situation	  

• composite	  =	  average	  of	  scores	  derived	  from	  different	  instruments	  or	  from	  a	  combina-‐

tion	  of	  self-‐ratings	  and	  external	  ratings	  

7.07	  Time	  of	  outcome	  measure	  

• post	  =	  the	  first	  assessment	  	  after	  completion	  of	  therapy,	  regardless	  of	  the	  amount	  of	  

time	  elapsed	  between	  end	  of	  therapy	  and	  assessment	  

	  

8.	  Characteristics	  of	  Results	  

8.03	  Correlated	  with	  

• prepost	  =	  Also	  the	  case	  when	  a	  percentage	  change	  score	  has	  been	  computed	  and	  it	  if	  

is	  a	  correlation	  with	  follow-‐up	  values.	  

8.06	  Type	  of	  correlation	  coefficient	  

• If	  information	  on	  the	  type	  of	  correlation	  coefficient	  is	  missing:	  missing	  

8.07	  –	  8.09	  Sample	  size	  IFA,	  WSH,	  BSH	  

• =	  size	  of	  the	  sample	  that	  each	  correlation	  has	  been	  computed	  for!	  

• Ideally,	  this	  equals	  the	  number	  of	  people	  who	  received	  exposure	  treatment.	  

	  

10.	  Measures	  of	  Potential	  Bias	  

10.01	  Purity	  of	  exposure	  treatment	  

• high	  =	  1	  AND	  2	  

1. Patients	  received	  pure	  or	  nearly	  pure	  exposure	  treatment,	  i.e.:	  

• no	  cognitive	  treatment	  elements	  	  

• no	  other	  treatment	  elements	  

• no	  psychoactive	  medication	  

• except:	  usual	  non-‐specific	  elements	  such	  as	  establishment	  of	  a	  thera-‐

peutic	  alliance	  	  

• except:	  response	  prevention	  (usually	  combined	  with	  exposure	  in	  the	  

treatment	  of	  OCD)	  

• except:	  Only	  a	  small	  minority	  (<	  25%	  of	  all	  participants)	  was	  taking	  

psychotropic	  medication.	  
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2. The	  correlation	  was	  computed	  only	  for	  such	  patients	  who	  indeed	  received	  expo-‐

sure	  treatment	  

• medium	  =	  1	  OR	  2	  OR	  3	  OR	  4	  

1. Patients	  received	  exposure	  treatment	  that	  was	  amended	  by	  psychotropic	  medi-‐

cation,	  cognitive	  treatment	  elements	  (including	  detailed	  cognitive	  preparation	  for	  

exposure	  that	  is	  more	  than	  the	  mere	  communication	  of	  a	  rationale),	  relaxation	  

training,	  supportive	  interventions,	  ect.,	  with	  exposure	  	  still	  	  being	  the	  core	  ele-‐

ment	  of	  treatment.	  

2. The	  correlation	  was	  computed	  across	  two	  or	  more	  groups,	  all	  of	  which	  received	  

exposure	  treatment,	  but	  only	  a	  subset	  received	  additional	  other	  interventions	  

(such	  as	  cognitive	  restructuring).	  

3. The	  treatment	  applied	  was	  written	  emotional	  disclosure.	  

4. The	  correlation	  was	  computed	  across	  all	  groups,	  that	  is,	  it	  includes	  subjects	  who	  

did	  not	  receive	  exposure	  treatment	  –	  but	  the	  proportion	  of	  subjects	  in	  the	  sample	  

who	  received	  exposure	  is	  at	  least	  two	  thirds.	  

• low	  =	  1	  OR	  2	  OR	  3	  

1. Patients	  received	  exposure	  treatment	  as	  part	  of	  a	  complex	  therapy	  program,	  with	  

exposure	  constituting	  an	  important,	  but	  not	  the	  core	  element	  of	  treatment.	  

2. The	  correlation	  was	  computed	  across	  all	  groups,	  that	  is,	  it	  includes	  subjects	  who	  

did	  not	  receive	  exposure	  treatment	  –	  and	  the	  proportion	  of	  subjects	  in	  the	  sam-‐

ple	  who	  received	  exposure	  is	  between	  half	  and	  two	  thirds	  (less	  than	  half:	  leads	  to	  

exclusion	  of	  study)	  

3. The	  correlation	  was	  computed	  across	  all	  groups,	  that	  is,	  it	  includes	  subjects	  who	  

did	  not	  receive	  exposure	  treatment,	  and	  additionally,	  a	  large	  number	  of	  patients	  

were	  under	  the	  influence	  of	  psychotropic	  medication.	  

	  

10.02	  Degree	  of	  overlap	  between	  process	  and	  outcome	  measure	  

• high	  =	  	  

1. Process	  and	  outcome	  measure	  are	  identical	  	  

a. identical	  =	  Process	  and	  outcome	  measure	  are	  exactly	  the	  same,	  e.g.	  heart	  

rate	  or	  skin	  conductance	  used	  both	  as	  process	  and	  as	  outcome	  measure.	  
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b. Also	  the	  case	  when	  subjective	  fear	  ratings	  were	  used	  as	  a	  process	  meas-‐

ure,	  and	  outcome	  was	  operationalized	  as	  the	  difference	  concerning	  sub-‐

jective	  fear	  ratings	  in	  a	  BAT.	  

• medium	  =	  	  

1. Process	  and	  outcome	  measure	  are	  not	  identical,	  but	  belong	  to	  the	  same	  category	  

a. 	  categories	  =	  physiological,	  self-‐rating,	  external	  rating,	  behavioral	  

i. physiological	  =	  heart	  rate	  and	  skin	  conductance	  

ii. self-‐rating	  =	  symptom	  questionnaires,	  fear	  ratings	  (SUDs),	  etc.	  

iii. external	  rating	  =	  symptom	  rating	  scales,	  etc.	  

iv. behavioral	  =	  BAT	  parameters	  

b. Thus,	  “medium“	  is	  also	  the	  code	  for	  the	  case	  that	  SUDs	  are	  used	  as	  a	  pro-‐

cess	  measure	  and	  self-‐report	  symptom	  scales	  as	  an	  outcome	  measure.	  

c. “Medium“	  was	  also	  used	  as	  a	  code	  for	  the	  case	  that	  SUDs	  were	  used	  as	  a	  

process	  measure	  and	  a	  combination	  of	  self-‐rating	  and	  external	  rating	  as	  

outcome	  measure	  (as	  in	  Kozak	  et	  al.,	  1988)	  

• low	  	  

1. Process	  and	  outcome	  measure	  belong	  to	  different	  categories.	  

	  

10.03	  Outcome	  reporting	  bias	  

• clearly	  evident	  =	  	  There	  is	  clear	  evidence	  that	  several	  other	  suitable	  correlations	  have	  

been	  computed	  but	  are	  not	  being	  reported,	  i.e.	  one	  of	  the	  following	  two	  conditions	  is	  

fulfilled	  (1	  OR	  2):	  

1. There	  is	  a	  correlation	  matrix	  in	  which	  non-‐significant	  correlations	  are	  missing	  

(blank	  cells).	  

2. There	  is	  a	  corresponding	  note	  in	  the	  text	  saying	  that	  no	  other	  correlations	  except	  

for	  those	  reported	  were	  significant.	  

• possible	  =	  1	  OR	  2	  

1. There	  is	  no	  direct	  evidence	  that	  correlations	  that	  have	  been	  computed	  are	  

not	  being	  reported.	  However,	  it	  seems	  likely	  that	  this	  was	  done,	  as	  there	  is	  a	  

large	  number	  of	  alternative	  measures	  that	  could	  have	  been	  used	  to	  examine	  

the	  same	  research	  question	  (Example:	  Initial	  fear	  activation	  has	  been	  meas-‐
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ured	  both	  via	  SUDs-‐ratings	  and	  heart	  rate,	  but	  only	  the	  correlation	  for	  heart	  

rate	  is	  being	  reported).	  

2. Additional	  correlations	  were	  (though	  possible)	  not	  computed	  because	  previ-‐

ous	  analyses	  (e.g.	  group	  comparisons)	  were	  not	  significant.	  

• none	  =	  No	  grounds	  for	  assuming	  reporting	  bias.	  
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Appendix E: 

Additional Information Concerning the Included Studies 

 

 

Bluett et al. (2014) 

 The sample was part of a larger trial that compared the efficacy of exposure and ser-

traline. Other treatment elements included psychoeducation about common reactions to trau-

ma, breathing retraining and homework assignments (imaginal and in vivo exposure). 

 

Boulougouris et al. (1977) 

Most patients suffered from washing compulsions and pure obsessions. Exposure in-

volved having the patient touch objects or to rehearse distressing thoughts. One patient was 

simultaneously taking chlordiazepoxide.  

 

Busscher et al. (2013). 

Exposure therapy comprised two flights of one hour each. 

 

Foa et al. (1983) 

The correlation coefficients were taken from Table 5 (p. 293). A marginally different 

value (-.40 instead of -.41) is reported in the text. Concerning dropout, 22 patients treated 

with only one therapy element were excluded from analysis because “the treatment they re-

ceived was not optimal” (p. 288). Additional dropout rates varied across the three process 

variables and across post-treatment vs. follow-up, so that an average value was computed. 

Other therapy elements included ritual prevention; there was no information concerning psy-

choactive medication. 

 

Foa et al. (1995) 

No information was given concerning psychoactive medication. 

 

Freyth (2009) 

This dissertation reports on a study comparing two active treatment groups. Group 1 

participants (64 recently traumatized participants) were randomly assigned to either exposure 

treatment (“Reizkonfrontation”, n = 25) or supportive counseling (“emotionale Unter-

stützung”, n = 23). Group 2 (27 participants) was a control group of non-traumatized subjects 
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that was only relevant for measurements at pretreatment. The dropout rate refers to the whole 

sample of treated subjects, while all other data refer only to the sample treated with exposure. 

Other therapy elements comprised relaxation training (PMR) and psychoeducation about 

ASD prior to exposure treatment; information concerning psychoactive medication was miss-

ing. All relevant correlations were retrieved from Table 4.44 (p. 168). The following 

measures were excluded because they were not recorded while viewing a trauma-related pic-

ture: “tonic heart rate”, “√SCL“ (tonic skin conductance), and  “√SCL spontaneous fluctua-

tions“ (p. 168). Follow-up assessment took place three months after end of treatment. 

 

Gallagher & Resick (2012) 

Other therapy elements comprised psychoeducation, communication of a treatment ra-

tionale and breathing retraining; moreover, 30.7% of the subjects were taking psychoactive 

medication (both groups summarized, without any substantial between-group difference ac-

cording to the study authors). A large part of all variables were coded according to another 

article that reports on the same study and that was pointed to in the original article, so that 

sample, interventions and measures were identical (Resick, Nishith, Weaver, Astin, & Feuer, 

2002). 

 

Konig et al. (2014) 

This study also dealt with the comparison of several treatment groups. Group 1 re-

ceived WED treatment, Group 2 received “neutral writing” (p. 1, control condition). Within 

each group, subjects were assigned to one of three sub-groups defined by the additional train-

ing provided (response training, stimulus training, no training). For stimulus training, subjects 

were encouraged to provide “imagery descriptions focusing on sensory detail” (p. 5). For re-

sponse training, subjects were encouraged to provide “imagery descriptions of active physio-

logical and behavioral involvement” (p. 5). During the experiment, participants wrote about 

the “most traumatic, upsetting experience of [their] entire life” (p. 6). The dropout rate refers 

to all treatment groups (percentage of participants dropped out before follow-up measure-

ment). There was no information concerning psychoactive medication. The correlations refer 

to the WED groups only (computed across all training groups). Follow-up assessment took 

place one month after end of treatment. As the article itself lacked detailed information on the 

sample size correlations were based on, the sample size reported in Table 11 stems from An-

drea Konig’s dissertation this study was part of. A PDF version of this dissertation was ob-

tained via email contact with Andrea Konig. 
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Kozak et al. (1988) 

This OCD sample only included patients exhibiting washing and checking compul-

sions. Other treatment elements only included ritual prevention; there was no information 

concerning psychoactive medication. IFA was measured during the sixth session, in which 

patients were first confronted with their most feared object. Therefore, the label “first session“ 

was chosen. 

 

Mathews & Shaw (1973) 

This study compared four between-subjects conditions concerning the way imaginal 

flooding to specified audio themes was conducted. The study was designed in an effort to 

compare continuous vs. discontinuous presentation of highly vs. less arousing material. The 

“high arousal” condition involved an audio flooding theme that was “recorded by a male ex-

perimenter, and was delivered in a rather dramatic and threatening manner” (p. 588); the “low 

arousal” condition included an audio theme “recorded by a woman speaking in a rather une-

motional and ‘matter-of-fact’ voice” (p. 588). “Continuous” presentation comprised “six con-

secutive 4 min filler stories followed by six consecutive 8 min spider themes” (p. 588), “dis-

continuous” presentation involved alternating six four-minute filler themes and six eight-

minute flooding themes. “Neutral stories” were used as “filler themes” (p. 588). Each subject 

was instructed to “involve herself as much as possible in each story” (p. 589). There was no 

information given concerning psychoactive medication. Pre-post difference scores instead of 

pre-follow-up difference scores were assumed because there was no information on the delay 

between end of treatment and post-assessment. The correlation refers to the two “low arousal” 

groups only. 

 

Muehlberger et al. (2005) 

The design of this study was categorized as “clinical trial”, since the study reports on a 

clinical sample and as treatment in sum comprised more than one hour. However, the authors 

of the study themselves called their design experimental (cf. p. 140). The group of partici-

pants reported on here was part of a larger study comparing virtual reality exposure and relax-

ation.	   Information concerning medication and a number of sample characteristics was re-

trieved from another article pointed to in the original one (Muehlberger, Hermann, 

Wiedemann, Ellgring, & Pauli, 2001). Concerning total duration of exposure, it has to be not-

ed that there were two virtual flights lasting only six minutes (first and last flight, for diagnos-

tic purposes). The other four exposure flights all lasted 16 minutes. Therefore, the average 
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length was computed (12.7 minutes). Other therapy elements involved detailed cognitive 

preparation for virtual exposure flights (a group therapy session); moreover, 60% of all sub-

jects were taking medication during the virtual flights, whereas it remains unclear whether 

this was psychotropic medication. 

 

Orenstein & Carr (1975) 

 In this study, the efficacy of three experimental conditions was compared: Group 1 

received implosion therapy, i.e. imaginal exposure to a 39-minute audio including “terrifying 

imagery” (p. 178) about rats. Group 2 received an informational placebo treatment, i.e. partic-

ipants listened to a 39-minute audio including “factual information about the life habits of 

rats” (p. 178). Group 3 received no treatment at all. Information on psychotropic medication 

was missing. 

 

Pitman et al. (1996a) 

Information concerning various treatment characteristics was retrieved from another 

article pointed to in the original one (Lyons & Keane, 1989). Concerning duration of treat-

ment, an average value was computed due to the fact that six subjects completed only the first 

flooding series (6 sessions), while 14 subjects completed both flooding series (12 sessions). 

90 minutes was chosen as an average value for session duration, as in the text it said that ses-

sion length varied between 70 and 110 minutes. Other therapy elements comprised relaxation 

training (PMR) and training of imagery skills prior to exposure treatment (but no relaxation 

during flooding sessions). There was no medication involved. All correlations were computed 

across the whole sample, including those subjects who only completed the first flooding se-

ries. In these cases (n = 6), only the process measures from the first series were correlated 

with outcome after the first series. In all other cases (n = 14), correlations were computed for 

the averaged process measures from both flooding series and outcome after the second series. 

 

Rauch et al. (2004) 

In this study, the efficacy of two treatment conditions was compared: Group 1 (n = 36) 

received prolonged exposure, Group 2 (n = 33) received prolonged exposure plus cognitive 

restructuring. Information concerning average duration of exposure sessions and concerning 

the diagnostic system applied were retrieved from another article pointed to in the original 

one (Foa, Zoellner, Feeny, Hembree, & Alvarez-Conrad, 2002). Concerning the number of 

exposure sessions, an average value (10.5) was computed on the basis of the information that 
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nine sessions had been planned, whereas a number of participants received a total of 12 ses-

sions if symptom reduction at session 8 was less than 70 %. Data from all subjects completing 

at least six exposure sessions were included in the data analyses of the study. The dropout rate 

reflects the number of people who dropped out before the sixth exposure session. Other 

treatment elements involved breathing retraining, psychoeducation “about common reactions 

to trauma” (p. 462), and cognitive restructuring (in at least 32 of 68 cases). The correlation 

was computed across both treatment groups.  

 

Roth et al. (1988) 

In this study, agoraphobic patients were randomized to three treatment groups: Group 

1 (n = 8) received only imipramine, Group 2 (n = 8) imipramine and intensive in vivo expo-

sure, and Group 3 (n = 7) was treated with a placebo pill and intensive in vivo exposure. Ad-

ditionally, there was a healthy control group (n=14), whose participants were not included in 

the relevant statistical analyses. Also, the dropout rate refers to all three treatment groups on-

ly. Information concerning several treatment characteristics was retrieved from another article 

pointed to in the original one (Telch, Agras, Taylor, Roth, & Gallen, 1985). After the thera-

pist-assisted exposure sessions, subjects were instructed to conduct daily exposure exercises 

on their own. For the remaining weeks (post-treatment assessment was conducted after 8 

weeks of therapy), participants attended weekly group sessions with the therapist in order to 

discuss homework assignments and current progress. The total duration of exposure was 

computed based on the number and average length of all therapist-assisted sessions, excluding 

all subsequent patient-directed exposure exercises. In addition to exposure therapy, two of 

three groups	  (n = 16 out of 23) were taking imipramine hydrochloride (mean dose per day: 

180-200 mg). The correlation was computed across all three groups and thus includes patients 

that did not receive exposure therapy at all. Post-treatment assessment was conducted after 

eight weeks of therapy (i.e. subsequent to all therapist-assisted sessions and a varying number 

of patient-directed exposure exercises). 

 

D. Sloan et al. (2005) 

Participants were “college undergraduates with a trauma history and at least moderate 

posttraumatic stress symptoms” (p. 549) according to the Posttraumatic Diagnostic Scale 

(PDS). These were randomly assigned to three written emotional disclosure (WED) treatment 

conditions: Group 1 was instructed to write about “the same traumatic event during each ses-

sion” (p. 550), Group 2 was told to write about “a different traumatic event during each ses-
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sion” (p. 550), and Group 3 (control group) subjects wrote about “a trivial, nontraumarelated 

topic during each session” (p. 550). Information concerning the setting was obtained from 

another article pointed to in the original one (D. Sloan & Marks, 2004a). No medication was 

involved. 

 

Stern & Marks (1973) 

This study made use of a latin square cross-over design, i.e. all participants underwent 

all four treatment conditions in a balanced order: (1) imaginal flooding, short duration; (2) 

imaginal flooding, long duration; (3) flooding in vivo (e.g. bus journey, walk through shop-

ping center), short duration; (4) flooding in vivo, long duration. Imaginal flooding was con-

ducted by having subjects listen to a tape recording (description of a typical agoraphobic situ-

ation, e.g. going by bus). Condition 1 consisted of eight ten-minute flooding segments inter-

spersed with eight five-minute segments of neutral material (i.e. information about washing 

machines); Condition 2 involved one 80-minute segment of imaginal flooding, followed by 

one 40-minute segment of neutral material; Condition 3 comprised four 30-minute periods of 

in vivo exposure to similar feared situations, interspersed with 30-minute rest periods, and 

Condition 4 included one two-hour continuous exposure session to the “actual feared situa-

tion” (p. 271). Each full-day session consisted of 80 minutes of imaginal flooding and 120 

minutes of in vivo flooding. Each patient received four such full-day sessions. Some of the in 

vivo exposure exercises were accompanied by the therapist, whereas information concerning 

imaginal exposure was missing, just as information concerning psychoactive medication. 

 

Telch et al. (2000) 

In this study, “participants were randomized to one of three 30-min exposure condi-

tions: (a) Heart-rate feedback (HRF), (b) paced tone control (PTC), and (c) exposure only 

control (EOC)” (p. 375). In the HRF condition, subjects were given feedback about their heart 

rate via corresponding tones, in the PTC condition, subjects heard tones that were unrelated to 

their heart rate, and in the EOC condition, they did not hear any tones at all. Concerning 

number and average length of sessions, arithmetic means were computed based on the infor-

mation that total duration of exposure was 30 minutes and that subjects underwent between 

six and 12 trials in order to complete these 30 minutes. Other therapy elements comprised 

psychoeducation “about PTSD symptoms, their development and maintenance” (p. 361) and 

the communication of a treatment rationale; there was no information concerning psychoac-

tive medication. 
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Watson & Marks (1971) 

This study also employed a cross-over design. Group 1 first received eight sessions of 

imaginal exposure concerning each patient’s feared objects/situations and subsequently eight 

sessions of imaginal exposure to situations “which are normally frightening to anybody” (p. 

275), e.g. being eaten by a tiger or being burnt to death. Group 2 received these two treat-

ments in the reverse order. The study’s Results section suggests that outcome was operation-

alized as the pre-post difference score after 16 treatment sessions. However, only eight of 

these included exposure to the patient’s feared objects or situations, so that this number was 

used for this meta-analysis. Ten patients had a diagnosis of agoraphobia, and six patients were 

categorized as simple phobics. There was no medication involved. 

 

Woodward et al. (1997) 

This study reports on six PTSD patients receiving imaginal exposure treatment in a 

group setting. Concerning total duration of exposure, only the number of exposure sessions 

devoted to each patient’s imaginal trauma experience was counted (not the total number of 

exposure sessions), as the other patients were not being actively engaged while each patient 

underwent the exposure to his personal trauma. Other treatment elements involved psy-

choeducation about trauma and coping strategies (before exposure) and intensive relapse pre-

vention (after exposure). In addition, most patients were taking at least one psychotropic sub-

stance: tradozone (4 patients), fluoxetine (3), buspirone (2), as well as divalproex sodium, 

carbamazepine, and amitriptyline (1 each). Unfortunately, the text lacked information con-

cerning the exact time when initial fear activation was measured. As the ranking concerning 

heart rate reactivity (explained in detail in Appendix F) was performed outside the actual 

treatment situation, the label outside was chosen with respect to variable 4.08 (see coding 

sheet in Appendix C), in an effort to avoid having to code a missing value (as this variable 

constitutes a major moderating variable according to the research questions proposed in sec-

tion 2.6.1).  

 

	  

 

 

 

 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   124 

Appendix F: 

Detailed Description of all Data Points Concerning IFA 

 

Table F1 

Description of all 58 Data Points Extracted From Studies Dealing With IFA 

 
# 
 
 

Exact measure of IFA Time of  
measurement  N Measure of Outcome 

Corre-
lated 
with 

Over-
lap  

SQ 
 

 
Alpers & Sell (2008) 

 

A 

Heart rate reactivity  
(activation during the 

first epoch of session 1 
minus baseline) 

First exposure 
session 10 

Self-report (Claus-
trophobia Question-

naire, CLQ) 

Pre-
post Low 24 

B “ First exposure 
session 10 

 
Self-report (Claus-

trophobia Question-
naire, CLQ) 

 

Pre-
post Low 24 

C 

SUDs reactivity 
(activation during the 

first epoch of session 1 
minus baseline) 

 

First exposure 
session 10 

Self-report (Claus-
trophobia Question-

naire, CLQ) 

Pre-
post Med. 24 

 
Bluett et al. (2014) 

 

A 
Peak SUDs rating 

during first imaginal 
exposure session 

First exposure 
session 88 

External rating 
(PTSD Symptom 
Scale – Interview, 

PSS-I) 

Pre-
post Low 23 

B 
Mean SUDs rating 

during first imaginal 
exposure session 

First exposure 
session 88 

External rating 
(PTSD Symptom 
Scale – Interview, 

PSS-I) 

Pre-
post Low 23 

 
Boulougouris et al. (1977) 

 

A 

Skin conductance reac-
tivity (increase of 

spontaneous fluctua-
tions relative to base-

line) 

Before actual expo-
sure treatment, 

during “obsessive 
fantasy“ (p. 227) 

12 

 
Change concerning 
skin conductance 

(spontaneous fluctua-
tions) during “flood-

ing talk“ 
 

Pre-
post High 18 

B “ “ 12 

Change concerning 
skin conductance 

(maximum deflec-
tions) during “flood-

Pre-
post High 18 
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ing in vivo“ 

 
C 

 
“ 

 
Before actual expo-

sure treatment, 
during “obsessive 

talk“ (p. 227) 

 
12 

 
Change concerning 
skin conductance 

(spontaneous fluctua-
tions) during “flood-

ing talk“ (p. 227) 
 

 
Pre-
post  

 
High 

 
18 

D “ “ 12 

Change concerning 
heart rate during 

“flooding in vivo“(p. 
227) 

Pre-
post Med. 18 

E 
Heart rate reactivity  
(increase of HR rela-

tive to baseline) 

Before actual expo-
sure treatment, 

during “flooding in 
vivo“ (p. 227) with 

feared ob-
ject/thought 

12 

Change concerning 
heart rate during 

“flooding in vivo“ 
(p. 227) 

Pre-
post High 18 

 
 

Busscher et al. (2013) 
 
 

A 

Heart rate reactivity   
(HR during taxi-in of 

flight 2 minus HR 
during taxi-out of 

flight 1) 

Before actual expo-
sure flight (during 
taxi-out of flight 1) 

50 
Self-report ("Visual 

Analogue Flight 
Anxiety", p. 100) 

Pre-
post Low 20 

 
 

Foa et al. (1983) 
 
 

A 

"Highest subjective 
anxiety level reported 
during the session in 
which patients were 
first exposed to their 
most feared stimulus 

(fifth or sixth session)" 
(p. 289) 

First exposure 
session dealing 

with “most feared 
stimulus” 

36 

External rating 
(composite score of 
symptom improve-
ment concerning 

obsessions and com-
pulsions) 

Pre-
post Low 22 

 
 

Foa et al. (1995) 
 
 

A 

Facial Action Coding 
System (FACS, see 

section F1 for annota-
tions) 

First session of 
imaginal exposure 10 

 
External rating 

(PTSD Symptom 
Scale, PSS) 

 

Pre-
post Low 24 

B “ “ 9 

 
Self-report (Rape 

Aftermath Symptom 
Test, RAST) 

 

Pre-
post Low 24 

C “ “ 9 

 
Composite score 

computed via sum-
ming percentage 

Pre-
post Low 24 
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improvement scores 
of the PSS, the 

RAST and the STAI, 
divided by 3 

 

D 
Highest SUDs rating 
during first imaginal 

exposure session 
“ 10 

External rating 
(PTSD Symptom 

Scale, PSS) 

Pre-
post Med. 24 

E “ “ 9 

 
Self-report 

(Rape Aftermath 
Symptom Test, 

RAST) 
 

Pre-
post Med. 24 

F “ “ 9 

Composite score 
computed via sum-

ming percentage 
improvement scores 

of the PSS, the 
RAST and the STAI, 

divided by 3 

Pre-
post Med. 24 

 
 

Freyth (2009) 
 
 

A 

Average self-report 
arousal score (see 

section F1 for annota-
tions) 

Before actual expo-
sure treatment, 

during presentation 
of  patient specific 
stimuli (idiosyn-

cratic trauma-
related pictures) 

23 

External rating 
(German version of 

the Acute Stress 
Disorder Interview, 

ASDI) 

Pre-FU Low 18 

B 

 
Square root from SCR 
("Skin Conductance 
Response", p. 87, see 

section F1)  
 

“ 22 “ Pre-FU Low 18 

C 

 
Heart rate reactivity 

(see section F1)  
 

“ 17 “ Pre-FU Low 18 

D Heart rate reactivity 
(see section F1) “ 20 “ Pre-FU Low 18 

 
 

Konig et al. (2014) 
 
 

A 

 
Heart rate reactivity  
(mean of heart rate 

during minutes 3-8 of 
writing minus mean of 

last five minutes of 
ten-minute baseline 

measure recorded be-
fore each writing ses-

sion) 

First writing ses-
sion 95 

Self-report 
(Davidson Trauma 

Scale,  
DTS-SEV) 

Pre-FU Low 20 
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B 

Skin conductance  
reactivity 

(mean of SC during 
minutes 3-8 of writing 
minus mean of last five 
minutes of ten-minute 
baseline measure rec-

orded before each 
writing session) 

First writing ses-
sion 95 

Self-report 
(Davidson Trauma 

Scale,  
DTS-SEV, severity 

scale) 

Pre-FU Low 20 

 
 

Kozak et al. (1988) 
 
 

A 

SUDs reactivity 
(difference between 
baseline, i.e. minute 
preceding exposure 

session, and the highest 
SUDs value "recorded 

during the first 20 
minutes of a 45-minute 

exposure period", p. 
161) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 

Composite "main 
fear score" (p. 160) 
concerning fear of 

the three most feared 
objects or situations 
(comprising the pa-
tients' self-reports 

and external ratings 
from both the thera-

pist and an independ-
ent assessor) 

Pre-
Post Med. 22 

B 

Heart rate reactivity  
(difference between 

baseline (minute pre-
ceding exposure ses-
sion) and the highest 
HR value "recorded 
during the first 20 

minutes of a 45-minute 
exposure period", p. 

161) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 “ Pre-
Post Low 22 

C (see row A) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 

Composite "avoid-
ance" (p. 160) score 

concerning avoidance 
of the three most 
feared objects or 

situations (compris-
ing the patients' self-
reports and external 
ratings from both the 
therapist and an in-
dependent assessor) 

Pre-
Post Med. 22 

D (see row B) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 “ Pre-
Post Low 22 

E (see row A) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 

Composite "compul-
sion score" (p. 160) 
concerning the pa-
tients' time spent 

ritualizing (compris-
ing the patients' self-
reports and external 
ratings from both the 
therapist and an in-

Pre- 
post Med. 22 
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dependent assessor) 

F (see row B) 

First session in-
cluding exposure to 
each patient’s most 

feared object 

14 “ Pre- 
post Low 22 

 
 

Mathews & Shaw (1973) 
 
 

A 

Average subjective 
anxiety rating during 
flooding, with anxiety 
ratings being obtained 

after each flooding 
theme 

First and only ses-
sion (experimental 

setting) 
20 BAT (see section F1 

for annotations)  
Pre- 
post Low 20 

Muehlberger et al. (2005) 

A Mean SUDs rating 
during first flight 

First virtual expo-
sure session 18 

 
Self-report  

(German version of 
the Fear of Flying 

Scale (FFS), transla-
tion made by study 

authors) 

Pre- 
post Med. 23 

B Mean SUDs rating 
during first flight 

First virtual expo-
sure session 18 “ Pre-FU Med. 23 

C Mean SUDs rating 
during first flight 

First virtual expo-
sure session 17 “ Pre-FU Med. 23 

D 

Heart rate reactivity 
(mean HR during first 
flight minus baseline 
measure, i.e. the three 
minutes preceding the 

virtual flight) 

First virtual expo-
sure session 14 “ Pre- 

post Low 23 

E “ First virtual expo-
sure session 14 “ Pre-FU Low 23 

F “ First virtual expo-
sure session 14 “ Pre-FU Low 23 

G 

Skin conductance reac-
tivity 

(mean SC during first 
flight minus baseline 
measure, i.e. the three 
minutes preceding the 

virtual flight) 

First virtual expo-
sure session 18 “ Pre- 

post Low 23 

H “ First virtual expo-
sure session 18 “ Pre-FU Low 23 

I “ First virtual expo-
sure session 17 “ Pre-FU Low 23 
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Orenstein & Carr (1975) 

A 

 
Heart rate reactivity 
("heart rate change 
score (HR-CS)" (p. 

178), see section F1 for 
annotations) 

 

First and only ses-
sion (experimental 

setting) 
8 

"Change score (BT-
CS)" (p. 178, see 

section F1 for anno-
tations) 

 

Pre- 
post Low 21 

B “ 
First and only ses-
sion (experimental 

setting) 
8 

"Behavioral test fear 
change score (BTF-

CS)" (p. 178, see 
section F1 for anno-

tations) 
 

Pre- 
post Low 21 

C 
"TQ Average" (p. 178, 
see section F1 for an-

notations) 

 
First and only ses-
sion (experimental 

setting) 
 

8 (see row A) Pre- 
post High 21 

D “ 

First and only ses-
sion (experimental 

setting) 
 

8 (see row B) Pre- 
post High 21 

Pitman et al. (1996a) 

A 

 
Heart rate reactivity 
(see section F1 for 

details)  
 

First exposure 
session 20 

Self-report 
(Impact of Events 

Scale, intrusion sub-
scale (IOES-int)) 

Pre- 
post Low 21 

Roth et al. (1988) 

A Mean heart rate level 
during BAT  

 
Before actual expo-

sure treatment, 
during a behavioral 

approach test 
(walking alone 

through a crowded 
shopping mall, 

passing a maximum 
of 12 stations) 

 

23 
"Fear Questionnaire", 
"Agoraphobia score" 

(p. 98) 

Pre- 
post Low 16 

Stern & Marks (1973) 

A 

 
Heart rate reactivity 

(increase of heart rate 
relative to baseline 

during phobic imagery) 
 

Before actual expo-
sure treatment, 

during phobic im-
agery 

16 
"Heart Rate" (p. 275) 
during phobic image-

ry 

Pre- 
post High 18 

B 

 
Heart rate reactivity 

(increase of heart rate 
relative to baseline 

“ 16 

Skin conductance 
"Deflections" (p. 

275) during phobic 
imagery 

Pre- 
post Med. 18 
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during phobic imagery) 
 

C 

 
Skin conductance 

 reactivity 
(increase of SC deflec-
tions relative to base-

line during phobic 
imagery) 

 

“ 16 

Skin conductance 
"Deflections" (p. 

275) during phobic 
imagery 

Pre- 
post High 18 

D 

Skin conductance reac-
tivity 

(increase of SC deflec-
tions relative to base-

line during phobic 
imagery) 

 

“ 16 
"Heart Rate" (p. 275) 
during phobic image-

ry 

Pre- 
post Med. 18 

Telch et al. (2000) 

A 
Heart rate reactivity 
(see section F1 for 

annotations) 
First exposure trial 54 

 
Peak subjective fear 
during the first BAT 
(long narrow corri-
dor), rated immedi-

ately after leaving the 
experimental cham-

ber 
 

Post-
scores Low 19 

B  “ First exposure trial 54 

Peak subjective fear 
during the second 
BAT (small eleva-

tor), rated immediate-
ly after leaving the 
experimental cham-

ber 
 

“ Low 19 

Watson & Marks (1971) 

A Heart rate reactivity 
 

Before actual expo-
sure treatment,, 
during “phobic 
talk” (p. 286f.) 

16 

 
External rating  

(clinicians' ratings 
concerning patient's 
anxiety, i.e. average 
from therapist's and 
independent asses-

sor's ratings) 
 

Pre- 
post Low 20 

B “ 
 “ 16 

Self-report 
(patients' self-ratings 
concerning avoidance 

behavior) 

Pre- 
post Low 20 

C 
Skin conductance reac-

tivity 
 

“ 16 (see row A) Pre- 
post Low 20 

D “ 
Before actual expo-

sure treatment,, 
during “phobic 

16 
Skin conductance 

fluctuations during 
“phobic talk“ (p. 286, 

Pre- 
post High 18 
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fantasy” (p. 286f.) no further explana-
tion) 

E “ (see row A) 16 “ Pre- 
post High 18 

Woodward et al. (1997) 

A 
Heart rate reactivity 

(see below for annota-
tions) 

NA 6 

Self-report (Missis-
sippi Scale for Com-

bat-Related PTSD 
(MISS)) 

Pre- 
post Low 20 

 
Note. The first column (labeled #) includes the label assigned to each data point of a study. The sixth column 
gives information on whether the process measure was correlated with a pre-post difference score (pre-post), a 
pre-follow-up difference score (pre-FU) or with post-scores from which the pre-scores were partialled out (post-
scores). Overlap = degree of overlap between process and outcome measure, SQ = study quality, SUDs = subjec-
tive units of distress (either ranging from 0 to 10 or from 0 to 100), HR = heart rate, SC = skin conductance, 
med. = medium, N = sample size the correlation is based on. 
 
 
 

F1. Further Notes on the Various Studies 

 

Alpers & Sell (2008) 

The correlation corresponding to data point A is a partial one “controlling differences 

in initial CLQ scores" (p. 1106). All other correlations are non-partial ones. 

 

Boulougouris et al. (1977) 

Obsessive fantasy: Patient imagined scene of his major obsession/compulsion. Flood-

ing talk: Patient listened to therapist's description of a flooding scene. Flooding in vivo: Pa-

tient was asked to touch feared object or to rehearse distressing thought. 

 

Busscher et al. (2013) 

Taxi-out: Phase before take-off. Taxi-in: phase after landing. Note concerning the 

choice of baseline measure: using a measure after exposure is reasonable, as a measure before 

treatment is always biased by anticipatory anxiety. 

 

Foa et al. (1995) 

In terms of the data points A, B, and C, the Facial Action Coding System (FACS, Ek-

man & Friesen, 1978) was applied: The emotions coded were fear and anger; however, anger 

could not be analyzed because none of the subjects displayed any. Facial movements were 
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coded from 15-sec. videotaped segments "immediately preceding the victim's highest reported 

distress level" (p. 492) during the first imaginal exposure session. The possible range of this 

measure is 0 to 45. Concerning B and E: The RAST appears as a rather unsuitable outcome 

measure because it focuses only on rape-related PTSD, while five of 12 subjects did not suf-

fer any sexual assault, at all. 

 

Freyth (2009) 

Skin conductance response (relevant for B) was defined as the highest amplitude 

measured between 900 ms and 7500 ms after stimulus presentation minus baseline measure 

(measure of SC at stimulus onset) and averaged across the first six stimuli shown. Heart rate 

reactivity ("Herzratenreaktion", pp. 86f., relevant for C & D) was defined as mean HR meas-

ured 4 (C) or 5 (D) seconds after stimulus presentation minus baseline measure (mean HR 

1000 ms before stimulus onset) and averaged across the first six stimuli shown. Arousal was 

measured on a 9-point Likert scale ranging from "relaxed" ("ruhig/entspannt") to "excited" 

("aufgeregt"/"angeregt") (p. 85). 

 

Mathews & Shaw (1973) 

The relevant criterion in the BAT was the highest hierarchy item successfully accom-

plished, with a total of 17 items ranging from approaching a spider to eventually touching it. 

 

Muehlberger et al. (2005) 

Follow-up assessment took place two weeks (B, E, H) or 3.5 months (C, F, I) after end 

of treatment. 

 

Orenstein & Carr (1975) 

The "heart rate change score (HR-CS)" (p. 178, relevant for A & B) was computed as 

((average heart rate during therapy - average heart rate during baseline) / (average heart rate 

during baseline)). The "TQ Average" (p. 178, relevant for C & D) represents a self-report 

measure of average fear during imaginal exposure, rated retrospectively after the exposure 

session and the second BAT (TQ = Therapy Questionnaire). The "change score (BT-CS)" (p. 

178, relevant for A & C) was computed as: ((number of items completed during first BAT - 

number of items completed during second  BAT) / (number of items completed during first 

BAT)). In order to compute the "behavioral test fear change score (BTF-CS)" (p. 178, rele-

vant for B & D), first, the "behavioral test fear score (BTFS)" (p. 178) was calculated per sub-
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ject and per BAT as the "sum of verbal fear ratings divided by the number of BT items suc-

cessfully completed" (p. 178), and then the BTF-CS was computed as ((BTFS on first BAT - 

BTFS on second BAT) / (BTFS on first BAT)). 

 

Pitman et al. (1996a) 

Heart rate reactivity was computed by "subtracting the mean score for the 10-minute 

relaxation segment preceding flooding from the mean score for the highest (peak) 10-minute 

flooding segment during the same session", calculated for the first session of each "flooding 

series" (p. 411). 

 

Stern & Marks (1973) 

Heart rate was measured during in vivo exposure only, whereas skin conductance was 

measured during both imaginal exposure and in vivo exposure. Information concerning meas-

urement of IFA was retrieved from another article pointed to in the original one (Marks, Mar-

set, Boulougouris, & Huson, 1971). Correlations were computed across all treatments. 

 

Telch et al. (2000) 

Heart rate reactivity was computed by subtracting the mean heart rate during baseline 

from the mean heart rate during the first exposure trial (baseline: 5 min. resting period prior to 

first exposure trial). Post-scores represent scores from which pre-scores were partialled out. 

The algebraic sign  (+/-) of the correlation coefficient was reversed, as IFA was correlated 

with post-scores instead of pre-post difference scores. This step was necessary to ensure that 

these values can be subjected to a meta-analysis together with all of the other values. 

 

Watson & Marks (1971) 

Phobic talk: Patient listened to therapist who described the patient's major phobic situ-

ation (duration: 3 min.). Phobic fantasy: Patient imagines major phobic situation (duration: 2 

x 40 sec.). Figure 3 on p. 282 suggests that the relevant measure was the increase of HR and 

SC relative to baseline, which is why the term “reactivity” was chosen in both cases.  

 

Woodward et al. (1997) 

Heart rate reactivity was operationalized the following way: Blind raters analysed the 

patients' HR-profiles from the exposure session concerning the extent to which there was a 

visible increase of HR at the moment when the patient was being confronted with the hotspot 
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of his trauma memory. The same raters then ranked the patients according to the degree of 

visible heart rate reactivity. This ranking was correlated with outcome. Concerning time of 

IFA measurement: In the text it only says that heart rate reactivity was operationalized as "HR 

elevation during the latter portions of sessions" (p. 28). 
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Appendix G: 

Detailed Description of all Data Points Concerning WSH 

 

Table G1 

Description of all Seven Data Points Extracted From Studies Dealing With WSH 

# Measure 
of WSH Way of calculating WSH 

Time of 
measure-

ment 
N Measure of  

outcome 

Corre-
lated 
with 

Over-
lap  SQ 

Foa et al. (1983) 

A SR 
(SUDs) 

 
"Percentage of change 

between the highest 
anxiety level reported 
when the most feared 
stimulus was first pre-
sented (fifth or sixth 

session) and the lowest 
level following it in the 
same session" (p. 289) 

 

First expo-
sure session 
dealing with 
“most feared 

stimulus”  
(p. 289) 

35 

External rating 
(composite score 
of symptom im-
provement con-
cerning obses-

sions and compul-
sions) 

Pre-
post Low 19 

B SR 
(SUDs) “ “ 34 “ Pre-FU Low 19 

Mathews & Shaw (1973) 

A  

"Subtracting the ratings 
for the last three themes 
from those for the first 
three themes" (p. 591) 

First and 
only session 
(experiment-
tal setting) 

20 

 
Anxiety ratings 
made by partici-

pants during BAT 
averaged across 

all 17 items, 
yielding one aver-
age anxiety score 

 
 

Pre-
post High 18 

Orenstein & Carr (1975) 

A HR 

Difference between max-
imum heart rate and 

heart rate at end of ses-
sion 

First and 
only session 

(experi-
mental set-

ting) 

8 

 
"Change score 

(BT-CS)" (p. 178, 
see section G1 for 

annotations) 
 

Pre-
post Low 18 

B HR 

Difference between max-
imum heart rate and 

heart rate at end of ses-
sion 

First and 
only session 

(experi-
mental set-

ting) 

8 

 
"Behavioral test 

fear change score 
(BTF-CS)" (p. 

178, see section 
G1 for annota-

tions) 
 

Pre-
post Low 18 

 
Pitman et al. (1996a) 
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A HR 

 
"Subtracting the mean 

[heart rate] score for the  
final (end) 10-minute 

flooding segment from 
the peak segment mean 

score" (p. 411) 
 

First expo-
sure session 20 

Self-report 
(Impact of Events  
Scale, intrusion 
subscale (IOES-

int)) 

Pre-
post Low 18 

van Minnen & Hagenaars (2002) 

A SR 
(SUDs) 

Difference score between 
each day's peak SUD 
rating and the corre-

sponding end SUD rat-
ing. These values were 
averaged for each sub-

ject. 

 
During pa-

tient-
directed 

daily home-
work imagi-
nal exposure 

exercises 
 

34 

Self-report 
(dutch version of 
the PTSD Symp-
tom Scale Self-

Report (PSS-SR)) 

Post-
scores Med. 18 

 
Note. The first column (labeled #) includes the label assigned to each data point of a study. The sixth column 
gives information on whether the process measure was correlated with a pre-post difference score (pre-post), a 
pre-follow-up difference score (pre-FU) or with post-scores from which the pre-scores were partialled out (post-
scores). Overlap = degree of overlap between process and outcome measure, SQ = study quality, SUDs = subjec-
tive units of distress (either ranging from 0 to 10 or from 0 to 100), HR = heart rate, med. = medium, N = sample 
size the correlation is based on.  
 

 

G1. Further Notes on the Various Studies 

 

Foa et al. (1983) 

No information was given on the amount of time elapsed between post-treatment and 

follow-up.  

 

Mathews & Shaw (1973) 

The self-report instrument employed had a range from 0 to 10; no additional infor-

mation was given. Pre-post was assumed because there was no information on the delay be-

tween end of treatment and post assessment. The correlation refers to the two "low arousal" 

groups only. 

 

Orenstein & Carr (1975) 

The "change score (BT-CS)" (p. 178, relevant for A & C) was computed as: ((number 

of items completed during first BAT - number of items completed during second  BAT) / 

(number of items completed during first BAT)). In order to compute the "behavioral test fear 

change score (BTF-CS)" (p. 178, relevant for B & D), first, the "behavioral test fear score 
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(BTFS)" (p. 178) was calculated per subject and per BAT as the "sum of verbal fear ratings 

divided by the number of BT items successfully completed" (p. 178), and then the BTF-CS 

was computed as ((BTFS on first BAT - BTFS on second BAT) / (BTFS on first BAT)). 

 

Van Minnen & Hagenaars (2002) 

 The algebraic sign  (+/-) of the correlation coefficient was reversed, as WSH was 

correlated with post-scores instead of pre-post difference scores. This step was necessary to 

ensure that these values can be subjected to a meta-analysis together with all of the other val-

ues. The exact variables partialled out were the pretreatment values in the PTSD Symptom 

Scale Self-Report (PSS-SR, main outcome measure)	  and the pretreatment values in the Symp-

tom Check List (SCL-90-R) depression subscale. 
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Appendix H: 

Detailed Descripton of all Data Points Concerning BSH 

 

Table H1 

Description of all 22 Data Points Extracted From Studies Dealing With BSH 

# Measure of 
BSH Way of calculating BSH N Measure of Outcome 

Corre-
lated 
with 

Over-
lap  SQ.  

Foa et al. (1983) 

A 
SR 

(SUDs) 
 

 
"Percentage of change be-
tween the highest anxiety 

level reported when the most 
feared stimulus was first 
presented and the highest 

anxiety level reported to the 
same stimulus during the 
10th exposure session" (p. 

289) 
 

36 

External rating (com-
posite score of symp-

tom improvement con-
cerning obsessions and 

compulsions) 

Pre-
post Low 19 

Gallagher & Resick (2012) 

A 
SR 

(SUDs) 
 

 
Difference between "mean 

SUDS rating in the first 
exposure session and mean 
SUDS rating in the last ex-

posure session" (p. 754) 
 

88 

External rating  
(Clinician-

Administered PTSD 
Scale, CAPS) 

Pre-
post Low 19 

Kozak et al. (1988) 

A 
SR 

(SUDs) 
 

Difference concerning peak  
SUDs ratings during ses-

sions 6 and 14 
14 

 
Composite "main fear 
score" (p. 160) con-
cerning fear of the 

three most feared ob-
jects or situations 

(comprising the pa-
tients' self-reports and 
external ratings from 
both the therapist and 
an independent asses-

sor) 
 

Pre-
post Med. 19 

B HR 

 
Difference concerning peak 
heart rate during sessions 6 

and 14 
 

14 “ Pre-
post Low 19 

 
C 

 
SR 

(SUDs) 
 

 
Difference concerning peak  

SUDs ratings during ses-
sions 6 and 14 

14 

 
Composite "avoidance" 
(p. 160) score concern-

ing avoidance of the 
three most feared ob-

 
Pre-
post 

 
Med. 

 
19 
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jects or situations 
(comprising the pa-

tients' self-reports and 
external ratings from 
both the therapist and 
an independent asses-

sor) 

D HR 
Difference concerning peak 
heart rate during sessions 6 

and 14 
14 “ Pre-

post Low 19 

E 
SR 

(SUDs) 
 

Difference concerning peak  
SUDs ratings during ses-

sions 6 and 14 
14 

 
Composite "compul-
sion score" (p. 160) 

concerning the patients' 
time spent ritualizing 
(comprising the pa-

tients' self-reports and 
external ratings from 
both the therapist and 
an independent asses-

sor) 
 

Pre-
post Med. 19 

F HR 

 
Difference concerning peak 
heart rate during sessions 6 

and 14 
 

14 “ Pre-
post Low 19 

Muehlberger et al. (2005) 

A 
SR 

(SUDs) 
 

Mean SUDs rating during 
first virtual flight minus 

mean SUDs rating during 
last virtual flight 

18 

 
Self-report  

(German version of the 
Fear of Flying Scale 

(FFS), translation made 
by study authors) 

 

Pre-
post  20 

B 
SR 

(SUDs) 
 

“ 18 “ Pre-FU Med. 20 

C 
SR 

(SUDs) 
 

“ 17 “ Pre-FU Med. 20 

D HR 

 
Mean heart rate during first 
virtual flight minus mean 

heart rate during last virtual 
flight 

 

14 “ Pre-
post Med. 20 

E HR “ 14 “ Pre-FU Low 20 

F HR “ 14 “ Pre-FU Low 20 

G SC 

 
Mean skin conductance 
during first virtual flight 

minus mean skin conduct-
ance during last virtual flight 

18 “ Pre-
post Low 20 
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H SC “ 18 “ Pre-FU Low 20 

I SC “ 17 “ Pre-FU Low 20 

Pitman et al. (1996a) 

A HR 

 
Difference concerning heart 

rate reactivity during the 
first exposure session of a 

series and the corresponding 
score during the last session 

of the same series 
 

20 

Self-report 
(Impact of Events 

Scale, intrusion sub-
scale (IOES-int)) 

Pre-
post Low 18 

Rauch et al. (2004) 

A 
SR 

(SUDs) 
 

 
Change between maximum 

SUDs rating during first 
exposure session and maxi-
mum SUDs rating during 

last available exposure ses-
sion 

 

68 
External rating  

(PTSD Symptom Scale 
– Interview (PSS-I)) 

Pre-
post Low 19 

D. Sloan et al. (2005) 

A 

SR 
(see below 
for details) 

 

SAM values after first writ-
ing session minus SAM 

values after third (i.e. last) 
writing session 

28 

 
Self-report 

(Posttraumatic Stress 
Diagnostic Scale 

(PDS), symptoms se-
verity score) 

 

Pre-FU Med. 16 

Van Minnen & Hagenaars (2002) 

A SR  
(SUDs) 

Peak SUDs rating during 
session 1 minus peak SUDs 

rating during session 2 
34 

 
Self-report 

(dutch version of the 
PTSD Symptom Scale 
Self-Report (PSS-SR)) 

 

Post-
scores Med. 18 

B 

self-rating 
(SUDs,  
0-10) 

 

Peak SUDs rating during 
session 1 minus peak SUDs 

rating at home 
34 “ “ Med. 18 

 
Note. The first column (labeled #) includes the label assigned to each data point of a study. The sixth column 
gives information on whether the process measure was correlated with a pre-post difference score (pre-post), a 
pre-follow-up difference score (pre-FU) or with post-scores from which the pre-scores were partialled out (post-
scores). Overlap = degree of overlap between process and outcome measure, SQ = study quality, SUDs = subjec-
tive units of distress (either ranging from 0 to 10 or from 0 to 100), HR = heart rate, SC = skin conductance, 
med. = medium, N = sample size the correlation is based on.  
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H1. Further Notes on the Various Studies 

 
D. Sloan et al. (2005) 

The authors provide the following description of the process measure applied:  

 

"The paper-and-pencil version of the Self-Assessment Manikin (SAM, Bradley & 

Lang, 1994) was used to obtain participants’ subjective ratings of emotion in response 

to each writing session. The SAM uses manikin figures on a 9-point scale for each of 

the affective dimensions. On the valence dimension, the SAM figures range from a 

happy, smiling figure (1 = very pleasant) to an unhappy, frowning figure (9 = very un-

pleasant). On the arousal dimension, the SAM figures range from a calm figure with 

closed eyes and an inactive body (1 =  very calm) to an excited figure with eyes wide 

open and an active body (9 = very aroused)." (p. 550) 

 

Subjects rated their emotional state immediately after each writing session. Follow-up 

assessment took place two months after end of treatment. 

 

Muehlberger et al. (2005) 

The precise sample sizes were obtained from the first author (Andreas Muehlberger) 

via email, as the values given in Table 2 (p. 140) were contradictory. According to Andreas 

Muehlberger, those values are higher than the reported sample size (n = 15) because they in-

clude subjects who were otherwise excluded due to incomplete data. Follow-up assessment 

took place two weeks (B, E, H) or 3.5 months (C, F, I) after end of treatment. 

 

Rauch et al. (2004) 

In addition to the SUDs rating, an identical correlation was computed for vividness rat-

ings; this correlation was excluded due to the inappropriateness of this process measure for 

the topic of this meta analysis. 

 

Van Minnen & Hagenaars (2002) 

 The algebraic sign  (+/-) of the correlation coefficient was reversed, as BSH was 

correlated with post-scores instead of pre-post difference scores. This step was necessary to 

ensure that these values can be subjected to a meta-analysis together with all of the other val-

ues. The exact variables partialled out were the pretreatment values in the PTSD Symptom 
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Scale Self-Report (PSS-SR, main outcome measure)	  and the pretreatment values in the Symp-

tom Check List (SCL-90-R) depression subscale. 
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Appendix K: 

Forest Plots Displaying Aggregated Effect Sizes  

 

Figure K1. Studies reporting initial fear activation. Studies with clearly evident outcome reporting bias (as well 
as the corresponding data) appear in red. Note, however, that the polygon at the bottom refers to all data points 
and not only to those colored in black. 

 
Figure K2. Studies reporting within-session habituation. For all other annotations, see legend of Figure K1. 
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Figure K3. Studies reporting between-session habituation. For all other annotations, see legend of Figure K1. 
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Appendix L: 

Funnel Plots for the Three Process Variables 

 
Figure L1. Funnel plot showing the distribution of the 18 aggregated effect sizes (Fisher’s z transformed correla-
tion coefficients) concerning initial fear activation (horizontal axis) in relation to the corresponding standard 
errors (vertical axis). 

 

 
Figure L2. Funnel plot showing the distribution of the five aggregated effect sizes (Fisher’s z transformed corre-
lation coefficients) concerning within-session habituation (horizontal axis) in relation to the corresponding 
standard errors (vertical axis). 
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Figure L3. Funnel plot showing the distribution of the eight aggregated effect sizes (Fisher’s z transformed cor-
relation coefficients) concerning between-session habituation (horizontal axis) in relation to the corresponding 
standard errors (vertical axis). 
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Appendix M: 

Results From the Sensitivity Analyses 

 

Table M1 

Sensitivity Analysis on the Intercept-Only Model Concerning IFA 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

bi 0.105 0.105 0.105 0.105 0.105 0.105 

SE 0.124 0.124 0.124 0.124 0.124 0.124 

τ2 0.185 0.185 0.185 0.185 0.186 0.186 

 
Note. All values were rounded to the third decimal place. Values representing a change to the third decimal place 
are printed in boldface. b1 = estimate of regression coefficient, SE = standard error.  
 

 

Table M2 

Sensitivity Analysis on the Intercept-Only Model Concerning WSH 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

bi 0.409 0.409 0.409 0.409 0.409 0.409 

SE 0.088 0.088 0.088 0.088 0.088 0.088 

τ2 0.000 0.000 0.000 0.000 0.000 0.000 

 
Note. All values were rounded to the third decimal place. Values representing a change to the third decimal place 
are printed in boldface. b1 = estimate of regression coefficient, SE = standard error.  
 

 

Table M3 

Sensitivity Analysis on the Intercept-Only Model Concerning BSH 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

bi 0.351 0.351 0.351 0.351 0.351 0.351 

SE 0.051 0.051 0.051 0.051 0.051 0.051 

τ2 0.000 0.000 0.000 0.000 0.000 0.000 

 
Note. All values were rounded to the third decimal place. Values representing a change to the third decimal place 
are printed in boldface. b1 = estimate of regression coefficient, SE = standard error.  
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Table M4  

Sensitivity Analysis on the Meta-Regressional Model With Three Moderators (IFA) 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

        Est.  

Intercept -3.591 -3.591 -3.591 -3.591 -3.590 -3.590 

PM 0.507 0.507 0.506 0.506 0.506 0.506 

OM 1.046 1.046 1.046 1.046 1.046 1.046 

SQ 0.158 0.158 0.158 0.158 0.158 0.158 

SE  

Intercept 0.966 0.966 0.966 0.966 0.965 0.965 

PM 0.195 0.195 0.195 0.195 0.195 0.194 

OM 0.286 0.286 0.286 0.287 0.287 0.287 

SQ 0.044 0.044 0.044 0.044 0.044 0.044 

τ2 0.105 0.106 0.107 0.108 0.109 0.110 

 
Note. All values were rounded to the third decimal place. Values representing a change to the second or third 
decimal place are printed in boldface. Est. = estimate, SE = standard error, PM = process measure, OM = out-
come measure, SQ = study quality.  
 
 
 

Table M5 

Sensitivity Analysis on the Meta-Regressional Model Examining the Impact of Outcome Re-

porting Bias on the Effect Size (IFA) 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

        Est.  

Intercept 0.283 0.283 0.283 0.283 0.283 0.283 

RB -0.293 -0.293 -0.293 -0.293 -0.293 -0.293 

SE  

Intercept 0.263 0.263 0.263 0.263 0.263 0.263 

RB 0.287 0.287 0.287 0.287 0.287 0.287 

τ2 0.195 0.196 0.196 0.196 0.197 0.197 

 
Note. All values were rounded to the third decimal place. Est. = estimate, SE = standard error, RB = reporting 
bias. 
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Table M6 

Sensitivity Analysis on the Meta-Regressional Model Examining the Impact of Outcome Re-

porting Bias on the Effect Size (WSH) 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

        Est.  

Intercept 0.482 0.482 0.482 0.482 0.482 0.482 

RB -0.138 -0.138 -0.138 -0.138 -0.138 -0.138 

SE  

Intercept 0.060 0.060 0.060 0.060 0.060 0.060 

RB 0.171 0.171 0.171 0.171 0.171 0.171 

τ2 0.000 0.000 0.000 0.000 0.000 0.000 

 
Note. All values were rounded to the third decimal place. Est. = estimate, SE = standard error, RB = reporting 
bias. 
 

 

Table M7 

Sensitivity Analysis on the Meta-Regressional Model Examining the Impact of Outcome Re-

porting Bias on the Effect Size (BSH) 
 ρ = 0 ρ = 0.2 ρ = 0.4 ρ = 0.6 ρ = 0.8 ρ = 1 

        Est.  

Intercept 0.487 0.487 0.487 0.487 0.487 0.487 

RB -0.195 -0.195 -0.195 -0.195 -0.195 -0.195 

SE  

Intercept 0.037 0.037 0.037 0.037 0.037 0.037 

RB 0.061 0.061 0.061 0.061 0.061 0.061 

τ2 0.000 0.000 0.000 0.000 0.000 0.000 

 
Note. All values were rounded to the third decimal place. Est. = estimate, SE = standard error, RB = reporting 
bias. 

 

 

 

 

 

 

 



META-ANALYSIS ON POSSIBLE MECHANISMS OF EXPOSURE THERAPY 
 

	   150 

9. Plagiatserklärung 

 
Hiermit versichere ich, dass die vorliegende Arbeit mit dem Thema “Effective, but why: A 

meta-analysis on initial fear activation and habituation as potential mechanisms for why ex-

posure therapy works” von mir selbstständig verfasst worden ist, dass keine anderen Quellen 

und Hilfsmittel als die angegebenen benutzt worden sind und dass die Stellen der Arbeit, die 

anderen Werken – auch elektronischen Medien – dem Wortlaut oder Sinn nach entnommen 

wurden, in jedem Fall unter Angabe der Quelle als Entlehnung kenntlich gemacht worden 

sind.  

  

 

 

(Datum, Unterschrift) 

 

 

Ich erkläre mich mit einem Abgleich der Arbeit mit anderen Texten zwecks Auffindung von 

Übereinstimmungen sowie einer zu diesem Zweck vorzunehmenden Speicherung der Arbeit 

in einer Datenbank einverstanden. 
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