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In order to test the predictions derived from emotional processing theory (EPT), this meta-analysis
examined correlations between outcome of exposure therapy and three process variables: initial fear
activation (IFA), within-session habituation (WSH) and between-session habituation (BSH). Literature
search comprised a keyword-based search in databases, a reverse search and the examination of refe-
rence lists. Of the 21 studies included in the analyses, 17 provided data concerning IFA (57 endpoints,
total N= 490), five concerning WSH (7 endpoints, total N=116) and eight concerning BSH (22 endpoints,
total N=304). Owing to this data structure, analyses were performed using robust variance estimation
with random-effects models being assumed a priori.
Results indicated that WSH and BSH are positively related to treatment outcome. By contrast, the
statistical association between IFA and outcome of exposure was not confirmed, whereas our moderator
analysis suggested that physiological process measures lead to higher correlations than non-
physiological ones. The results for IFA and BSH were affected by selective reporting. In sum, our
results do not specifically strengthen EPT while matching other theoretical perspectives such as inhi-
bitory learning and reality testing. Further research is needed to provide recommendations concerning
the best way of delivering exposure therapy.

Key Practitioner Message:
• This meta-analysis examined three variables of emotional processing theory (EPT).
• Initial fear activation was not linearly related to outcomes of exposure therapy.
• Habituation within and between sessions were shown to correlate with outcome.
• Outcome reporting bias was shown to play a crucial role in this meta-analysis.
• Results do not specifically support EPT. Copyright © 2016 John Wiley & Sons, Ltd.
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The efficacy of exposure therapy for anxiety disorders,
posttraumatic stress disorder (PTSD) and obsessive–
compulsive disorder (OCD) has been demonstrated in a
large number of randomized controlled trials and
meta-analyses (e.g., Bisson et al., 2007; Hofmann & Smits,
2008; Mitte, 2005; Powers, Halpern, Ferenschak, Gillihan,
& Foa, 2010). It is considered to be the treatment of first
choice for pathological fear and avoidance (e.g.,
Emmelkamp & Ehring, 2014). Yet, the working mecha-
nisms of effective exposure therapy are still a subject of

debate, with conditioning, learning and cognitive
appraisal theories being the most prominent approaches
(Telch, Cobb, & Lancaster, 2013). A seminal and frequently
cited model to explain how exposure treatment for anxiety
disorders works is emotional processing theory (EPT) put
forward by Foa and Kozak (1986). Referring back to
Lang’s (1977) analysis of cognitive structures underlying
emotions, the authors suggest that fear is represented as
a memory structure that can be understood as a
programme for escape and avoidance. Importantly, EPT
specifies how this fear memory can be modified through
emotional processing. Fear memory is suggested to
consist of three types of information: information about
the feared stimulus, about the individual’s verbal, beha-
vioural and physiological response to the stimulus, and
about the meaning ascribed to both the stimulus and the
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individual’s responses. According to Foa and Kozak, there
are two key requirements for emotional processing (and
as a consequence therapeutic change) to take place. First,
the fear memory needs to be activated so that second,
new information, which is incompatible with the original
fear memory, can be integrated into this memory structure
A challenge to empirical tests of EPT is the fact that the

processes described above are not directly observable.
However, Foa and Kozak (1986) have made specific and
testable suggestions regarding three key indicators of
successful emotional processing in exposure treatment.
They regard initial fear activation (IFA) as an indicator of
activation of the fear structure, as well as both (2)
within-session habituation (WSH) of fear, and (3)
between-session habituation (BSH) of fear as indicators
of the integration of corrective information. Importantly,
Foa and Kozak consider physiological parameters of fear
activation and habituation, such as heart rate (HR) and
skin conductance (SC), to be the most important indica-
tors. They are assumed to be the basis of all other facets
of fear (see also Lang, 1977; 1979). According to EPT, the
initial activation of the fear structure is a necessary
requirement for change. In turn, WSH is assumed to
reflect the incorporation of corrective information about
the reaction to the stimulus, or in other words, the learn-
ing experience of being confronted with the stimulus
without being fearful or anxious, so that the preexisting
association between stimulus and response in weakened.
Second, WSH is assumed to provide corrective informa-
tion for the common belief that fear will never decline
unless one escapes from the frightening situation. Both
aspects provide information that is incompatible with
the fear structure and therefore facilitates its modification
(Foa & Kozak, 1986).
According to EPT, the incorporation of new information

in the fear structure due to WSH leads to a decline in the
anticipation of fear and distorted threat appraisals such
as losing control or suffering a heart-attack, which is then
reflected by BSH, i.e., the reduction of initial fear across
various exposure sessions. Additionally, BSH is suggested
to strengthen the belief that one is indeed able to cope
with the frightening situation (Foa & Kozak, 1986). A
practical implication of EPT is that exposure therapy
should be delivered in a way that IFA, WSH and BSH
are facilitated.
The predictions of the original EPT regarding an associ-

ation between the three process variables (IFA, WSH and
BSH) and treatment outcome have been tested empirically
in a number of studies. Existing narrative reviews of these
studies arrive at slightly different conclusions. For exam-
ple, Craske et al. (2008) conclude that, taking all evidence
together, ‘the premises of EPT are only weakly supported’
(p. 11). In contrast, Crits-Christoph, Gibbons, and
Mukherjeed (2013) postulate in their review of the empi-
rical literature on EPT that relatively high correlations

between IFA, WSH and BSH and exposure treatment out-
come are generally supportive of EPT. Also, it is worth
mentioning that in a reformulation of the original theory,
Foa, Huppert, and Cahill (2006) removed WSH as an indi-
cator of emotional processing as some studies had failed
to show an association between WSH and treatment out-
come (e.g., Jaycox, Foa, & Morral, 1998; Kamphuis &
Telch, 2000; Telch, Valentiner, Ilai, Petruzzi, & Hehmsoth,
2000). However, their conclusion to omit WSH as an indi-
cator of emotional processing was not based on a syste-
matic quantitative analysis. In an effort to provide an
examination of the theory’s original formulation including
all three process variables, we explicitly decided to
include WSH in our meta-analysis.
In sum, the existing reviews concerning the role of IFA,

WSH and BSH are limited by their narrative nature. The
aim of the current meta-analysis therefore was to provide
a systematic quantitative analysis of the association
between IFA, WSH and BSH on the one hand and thera-
peutic outcome on the other hand. In order to explain
possible heterogeneity in the results, we examined a
number of potential moderator variables, which are (in
descending order of importance according to the predic-
tions of EPT, Foa & Kozak, 1986) the type of process
measure, the type of outcome measure, outcome reporting
bias (ORB), diagnosis, the type of exposure, the purity of
exposure treatment and the duration of treatment. On a
descriptive level, we also coded the mean age of study
participants, the percentage of females and the drop-out
rate.

METHOD

Inclusion Criteria

Suitable studies for inclusion in this meta-analysis were
selected using the following criteria.

(1) The study population was required to have a primary
diagnosis of an anxiety disorder, either full-blown or
at a subclinical level. Studies investigating the extinc-
tion of fear conditioned in the laboratory were
excluded.

(2) Exposure had to be the core element of treatment.
Exposure in vivo, exposure in sensu, exposure in
virtual reality and written emotional disclosure
(WED) were accepted. Interventions combining an
element of exposure with an instructed use of coping
skills (e.g., systematic desensitization) or secondary
tasks (e.g., EMDR) were excluded.

(3) Inclusion further required that a correlation between
at least one of the three process variables and at least
one measure assessing outcome of exposure treat-
ment (see below) had to be reported and that
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sufficient statistical information (correlation coeffi-
cient and corresponding sample size) could be
retrieved 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 HR (peak,
mean, reactivity and variability), SC (peak, mean,
reactivity, spontaneous fluctuations), self-report rat-
ings (such as the Subjective Units of Distress Scale
[SUDS] originally proposed by Wolpe, 1969), external
ratings of fear (e.g., on the basis of facial expressions)
and several parameters of behavioural approach tests
(BAT). Another important requirement was that IFA
had been measured within a situation involving a
confrontation with the feared stimulus or situation
that was intense enough to activate the fear structure
(as proposed by Foa and Kozak, 1986). Correspon-
ding operationalizations of process measures were
accepted in terms of WSH and BSH, whereas there
were no a priori criteria formulated concerning the
exact way of calculating the particular difference
scores (i.e., concerning the particular sessions used
for computing these two process measures).

(4) The particular process variable was required to be
correlated with a measure of treatment outcome.
Either, this was a pre-post difference score concerning
standardized clinical symptom scales (both external
and self-rating) or concerning any other physiological
or subjective measure of fear taken in the fear-
provoking situation. Alternatively, post-scores were
also accepted as outcome measures provided that
the pre-scores had been partialled out.

(5) In order to find as many studies as possible, the
minimum sample size per study was required to be
N=5.

(6) There was no restriction concerning the type of publi-
cation. As to language, our search was restricted to
English, German, French and Spanish publications.

Literature Search

The systematic literature search comprised four successive
steps. (1) We first performed a keyword-based search in
established databases (PsycINFO, PSYNDEX and ERIC).
The search applied the search term presented in Appendix
A and included all publications up to February 2014. (2)
The keyword-based search 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). Thus, we
checked all studies that subsequently cited these two
documents using Google Scholar. (3) The next step involved
searching the reference lists of the 18 articles included
until then plus the two documents on which the reverse
search had been performed previously. (4) Finally, the

search was supplemented by written correspondence with
the authors of those studies meeting most inclusion
criteria, but either lacked crucial statistical information
or were not accessible via the common pathways. For
economic reasons, this step only concerned documents
published in the year 2003 or later, based on the conside-
ration that research findings should be filed for ten years.
This final step of search did not lead to the inclusion of
any further document. Figure 1 displays the search pro-
cess and the results.

Moderator Variables

A set of 10 potential moderator variables were defined a
priori, and all selected studies were coded using these
variables. All studies were coded by the first author
using an a priori designed coding sheet and coding guide.
We planned to analyse the effect of all moderator
variables via meta-regression, but in meta-regression,
the Satterhwaite approximation of the degrees of freedom
of the regression coefficients for the random-effects
model should be approximately at least four (Tipton,
2014), as otherwise inference can be unreliable. Since this
criterion was fulfilled only in case of the first three
moderators described below, we refrained from analyz-
ing the remaining seven moderators that were not
reliable enough from a methodological point of view.
The first moderator variable was the type of process

measure with two factor levels being distinguished:
physiological (i.e., any HR or SC parameters) and
non-physiological, meaning self-ratings of fear or anxiety
and external ratings of fear (made by the therapist or inde-
pendent assessors). The second moderator was the type of
outcome measure. Here, we distinguished between
measures based on standardized clinical symptom scales,
reflecting the gold standard of measuring treatment
outcome in treatment research, and any other physiolo-
gical or non-physiological measures gathered in the fear-
provoking situation itself. Accordingly, the two factor
levels were labelled symptoms and situations. The two
moderators were chosen with reference to the finding of
an asynchrony between various indicators of fear mea-
sured during exposure therapy, with very low correlations
emerging between different types of measures (Gerew,
Romney, & Leboeuf, 1989; Grey, Rachman, & Sartory,
1981; Leitenberg, Agras, Butz, & Wincze, 1971; Nesse
et al., 1985). Also, type of process measure was chosen with
reference to Foa and Kozak’s (1986) specific assumption
that physiological activation is a more valid indicator of
fear than self-report measures.
The third moderator was ORB. It was designed to

account for the varying extent to which this sort of bias
(i.e., selective reporting of certain effect sizes at the
expense of others, Sterne, Egger, & Moher, 2008) was
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evident in the included studies. Accordingly, the three
factor levels were labelled clearly evident, possible and none,
reflecting the amount of evidence for the omission of
results, e.g., when a correlation coefficient had obviously
been computed but was not reported due to non-
significance (a case that was labelled ‘clearly evident’).
The factor level none was used for all cases in which no
such suspicion was justified. In order to maximize statisti-
cal power through dichotomization, the factor levels none
and possible were summarized for the analyses.
Although not being subject to meta-regression, the

moderators diagnosis and type of exposure were neverthe-
less included in the forest plots to provide descriptive
information. With regard to diagnosis, we applied the
levels phobic (including specific phobias, agoraphobia
and social phobia) and other, referring to all other anxiety
disorders following DSM-IV-TR (APA, 2000), including
subclinical forms. Thus, we also included PTSD and

OCD although they are no longer categorized as anxiety
disorders in DSM-5 (APA, 2013). In terms of type of
exposure, we differentiated between exposure in sensu
(including WED) and exposure in vivo (including expo-
sure in virtual reality). Apart from these five moderators,
we also considered the purity of exposure as reflected by
the degree to which treatment was, for example, amended
by elements of cognitive therapy, and the duration of treat-
ment, reflecting the total time participants were exposed to
fear-provoking stimuli or situations. The other three mod-
erators were the percentage of females among the study par-
ticipants, the participants’ mean age and the dropout rate.

Statistical Analysis

Main Analyses
All subsequent analyses were performed with the help

of the statistical software R, using the packages robumeta

Figure 1. Flowchart displaying the successive literature search process. While the solid arrows indicate the sequence of search steps,
the outlined arrows show how search results from each step were processed
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(Fisher & Tipton, 2014), metafor (Viechtbauer, 2010) and
metasens (Schwarzer, Carpenter, & Rücker, 2014). All
correlation coefficients were transformed to the Fisher ’s z
scale prior to data analysis. All analyses employed
anα-value of 5%. Based on the preceding literature, a large
amount of heterogeneity was expected. We therefore
computed separate random-effects models for each of
the three process variables (IFA, WSH, BSH) and
calculated established statistics (Q, I2, τ2) for all three
meta-analyses.

Due to a varying number of effect sizes per study
(referred to as endpoints from now on), the analysis had
to deal with statistical dependencies within the data. In
consideration of these dependencies, all analyses except
for those dealing with ORB or publication bias (PB) were
performed by means of robust variance estimation (RVE;
Tipton, 2014; Hedges, Tipton & Johnson, 2010). Additio-
nally, all analyses applied the small-sample adjustments
Tipton (2014) suggests for meta-analyses integrating less
than 40 studies. Importantly, RVE does require the
imputation of the correlation ρ (rho) of effect sizes within
a study. We used the default value of 0.8 for all analyses
subsequently reported, and the impact of the value set
for this parameter was examined by sensitivity analyses
as suggested by Fisher and Tipton (n.d.). As in regular
random effect modelling, in RVE, the statistics Q, I2 and
τ2 refer to the amount of variation or variance between
studies, not between individual endpoints.

The three main moderator variables were examined
in different ways. Since type of process measure and type
of outcome measure were seen as the most important
moderator variables with regard to EPT, these variables
were analysed by computing separate meta-analyses
for each combination of factor levels. However, our
assumption was that endpoints were only comparable
by meta-analysis if they corresponded with regard to
the type of outcome measure. Therefore, e.g., all IFA
endpoints with symptom-based outcome measures were
pooled, but symptom-based and situation-based out-
come measures were never combined. This procedure
led to a total of five subsets labelled IFA-symptoms,
IFA-situations, WSH-symptoms, WSH-situations and
BSH-symptoms. As noted above, we assumed the diffe-
rent operationalizations of treatment outcome to be
non-comparable, which precluded any hypothesis
testing concerning possible differences between the two
factor levels symptoms and situations. The impact of type
of process measure was investigated by RVE meta-
regression within each of the subgroups defined by the
two factor levels of type of outcome measure.

Reporting Bias
As noted above, we also analysed PB and ORB - two

different forms of reporting bias (Sterne et al., 2008,

p. 298). ORB has long been neglected, although it has been
shown to constitute a severe problem concerning the
conclusions drawn from meta-analyses and systematic
reviews (Kirkham et al., 2010). In contrast to the main
analyses, the reporting bias analysis was based on aggre-
gated data (i.e., only one value per study and per process
variable), so that studies with multiple endpoints would
not dominate. The aggregated values were computed as
the arithmetic means of all correlation coefficients
extracted from a study. Two further reasons for using
aggregated data were the lack of methods for PB or ORB
in RVE meta-analysis and the fact that PB methods intend
to detect whether whole studies (and not single endpoints)
are missing.

PB was investigated following the suggestion of
Sterne et al. (2011) that at least 10 studies should be avai-
lable. First, funnel plots (using the standard error on the
vertical axis) were inspected for asymmetry. In a second
step, the random-effects version of the Egger regression
test was used (Egger, Smith, Schneider, & Minder, 1997;
Harbord, Egger, & Sterne, 2006).

The influence of ORB on the results of the various
meta-analyses was first examined by means of RVE
meta-regression using ORB as a predictor of the effect
size. This was not possible for the WSH endpoints, for
there were too few of them. 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). Due to the aforementioned dichotomization pro-
cess, clearly evident was the factor level used as reference
category.

Additionally, the methods of Copas and Jackson
(2004) and the Copas (1999) selection model were used
to obtain worst case estimates for the amount of down-
ward ORB. For the Copas and Jackson method, we
imputed the number of missing studies based on the
observed number of studies with clearly evident and/or
possible ORB. For the Copas selection model, we
followed the suggestions of Schwarzer, Carpenter, and
Rücker (2010) and Carpenter, Schwarzer, Rücker and
Künstler (2009) with respect to the selection model
parameters.

RESULTS

Included Studies

In sum, 21 studies were included in the meta-analysis.
Seventeen of these studies reported correlations be-
tween IFA and outcome to exposure therapy, compris-
ing 57 individual endpoints. Five studies reported
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correlations between WSH and outcome, with a total of
seven endpoints, while eight studies included a total of
22 suitable correlations between outcome and BSH. The
total sample sizes were N=490 in the case of IFA,
N=116 for WSH and N=304 for BSH. Table 1 presents
a detailed description of the 21 studies including eight
of the 10 moderators. Appendix B displays the refer-
ences of the studies that were included in the meta-
analysis.

Omission of Studies Applying Exclusion Criteria

Thirteen studies meeting the initial inclusion criteria were
subsequently excluded following closer examination. The
two most prominent reasons 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 first criterion, for

Table 1. Description of the included studies

Study Mean
age

% female Dropout
rate (%)

Diagnosis Type of
expo.

Other
treatment
elements

ORB PV

Alpers and
Sell (2008)

48.4 80.0 44.2 Claustrophobia IV (TA) No None IFA (P, SR)

Bluett et al. (2014) 36.6 75.9 24.1 PTSD IV+ IS (TA) Yes None IFA (SR)
Boulougouris
et al. (1977)

30.3 33.3 0.0 OCD IV+ IS (TA) Yes Clearly
evident

IFA (P)

Busscher et al.
(2013)

38.4 56.0 36.7 Aviophobia IV (TA) NA Possible IFA (P)

Foa et al. (1983) 34.0 50.0 51.2 OCD IV+ IS (TA) Yes Clearly
evident

IFA (SR)
WSH (SR)
BSH (SR)

Foa et al. (1995) 39.4 100 NA PTSD IS (TA) No None IFA (ER, SR)
Freyth (2009) 38.9 62.5 25.0 ASD IS (TA) Yes Possible IFA (P, SR)
Gallagher and
Resick (2012)

32.0 100 27.3 PTSD IV + IS (TA) Yes Possible BSH (SR)

Konig et al. (2014) 21.5 72.0 21.1 PTSD WED (NTA) No Possible IFA (P)
Kozak et al. (1988) 34.4 57.1 17.6 OCD IV + IS (TA) Yes Clearly

evident
IFA (P, SR)
BSH (P, SR)

Mathews and
Shaw (1973)

NA 100 NA Simple phobia
(spiders)

IS (NTA) No Possible IFA (SR)
WSH (SR)

Muehlberger
et al. (2005)

43.9 86.7 25.0 Aviophobia VR (TA) Yes None IFA (P, SR)
BSH (P, SR)

Orenstein and
Carr (1975)

NA 100 0.0 Simple phobia
(rats)

IS (NTA) No None IFA (P, SR)
WSH (P)

Pitman et al.
(1996a)

42.5 0.0 42.9 PTSD IS (TA) Yes Clearly
evident

IFA (P)
WSH (P)
BSH (P)

Rauch et al. (2004) 31.0 100 1.4 PTSD IV + IS (TA) Yes Possible BSH (SR)
Sloan et al. (2005) 19.0 74.7 2.5 PTSD WED (NTA) No Clearly

evident
BSH (SR)

Stern and Marks
(1973)

36.0 56.3 NA Agoraphobia IV + IS (TA) No Clearly
evident

IFA (P)

Telch et al. (2000) 17.9 85.2 10.0 Claustrophobia IV (NTA) No Possible IFA (P)
Van Minnen and
Hagenaars (2002)

35.1 50.0 24.4 PTSD IS (TA) Yes Possible WSH (SR)
BSH (SR)

Watson and Marks
(1971)

30.3 NA 0.0 Agoraphobia/simple
phobia

IS (TA) No Clearly
evident

IFA (P)

Woodward et al.
(1997)

NA 0.0 25.0 PTSD IS (TA) Yes Possible IFA (P)

Note. Only the studies by Busscher et al. (2013), Watson and Marks (1971) and Woodward et al. (1997) applied a group therapy setting, all other studies
employed individual therapy settings. The seventh column gives information on whether the exposure treatment was amended by any additional treat-
ment elements or not. The last column provides information concerning the process measures for which correlations were extracted from each study.
Abbreviations: PV = process variables. clin = clinical. sub = subclinical. IV = in vivo. IS = in sensu. WED =written emotional disclosure. VR = virtual reality.
TA = therapist-assisted. NTA = non-therapist-assisted. expo. = exposure. ORB = outcome reporting bias. P = physiological. SR = self-report. ER = external
rating; NA =missing value.
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instance, referred to the case that ‘IFA’ was measured
during confrontation with any non-phobic stimulus mate-
rial, or measured directly at the beginning of the exposure
session, since fear levels measured right at the start of the
exposure situation can be assumed to reflect anticipatory
anxiety rather than actual fear activation. The latter
criterion was based on the argument that raw post-scores
do not reflect an adequate measure of outcome, unless
there is some form of statistical control applied to the
pre-scores, whose variance would otherwise be ignored.

Outcome Reporting Bias

In seven studies, ORB was clearly evident, and nine
studies at least gave rise to some suspicion (labelled possi-
ble). Only five studies did not raise any suspicion
concerning reporting bias (labelled none). Taken together,
35.3% of all studies reporting IFA were affected by clearly
evident ORB, as well as 40% of all studies on WSH and
50% of those reporting BSH

Meta-Analysis

As described in the method section, we computed
separate meta-analyses for each of the subsets resulting
from the various combinations of process variables, pro-
cess measures and outcome measures. All meta-analyses
were based on the original data set with all individual
endpoints, so that they all reflect models based on RVE.
Table 2 displays the results from these meta-analyses
using the metric of Fisher’s z transformed values. As can
be seen from the results displayed, none of the weighted

mean effects in the IFA subsets was significantly different
from zero. For BSH, there emerged a significant weighted
mean effect size of medium size for the case of non-
physiological process measures, whereas the correspon-
ding effect size for physiological process measures
assumed a similar value but failed to reach significance
due to the small number of endpoints. The weighted
mean effect sizes for WSH resemble those for BSH;
however, statistical power was too low to yield significant
results. Figures 2 to 6 display the corresponding forest
plots.
With regard to heterogeneity, it should be noted that,

taking all relevant statistics (Q, τ2, I2) together, there was
strong evidence in favor of a distribution of effect sizes
(i.e., large variation between studies) within the IFA
subsets, whereas the WSH and BSH subsets were marked
by only little between-study variation. Thus, a random-
effects model seemed appropriate.

Meta-Regression Concerning Type of Process Measure

Type of process measure could be subject to hypothesis
testing via meta-regression (RVE) only concerning the
three subsets IFA-symptoms, IFA-situations and BSH-
symptoms. In the WSH subsets case, the small number
of studies and endpoints precluded any reliable meta-
regression. For the case of BSH-symptoms, the effect
was virtually not evident (b=�0.009, p=0.966). The
results for both IFA-symptoms (b=0.254, p=0.332) and
IFA-situations (b=0.865, p=0.152) pointed in the direc-
tion that physiological process measures lead to higher
correlations between IFA and treatment outcome as
opposed to non-physiological ones, although the results

Table 2. Results from the random-effects meta-analyses on the three process variables (RVE)

Subset 95% CI

PV OM PM k n b0 SE t df p(t) LL UL τ2 I2 Q df* p(Q)

IFA sympt. any 12 39 0.16 0.12 1.30 9.95 0.22 �0.11 0.43 0.11 74.17 42.90 11.08 <0.01
sympt. phys 9 22 0.26 0.14 1.82 7.42 0.11 �0.07 0.60 0.15 74.87 32.15 8.08 <0.01
sympt. non-phys 7 17 �0.05 0.12 �0.43 5.03 0.69 �0.35 0.25 0.05 51.38 12.49 6.07 0.05
sit. any 6 18 0.24 0.27 0.87 4.96 0.42 �0.47 0.94 0.52 88.77 45.41 5.10 <0.01
sit. phys 5 15 0.43 0.27 1.62 3.97 0.18 �0.31 1.17 0.61 89.48 39.09 4.11 <0.01

WSH sympt. any 3 4 0.37 0.10 3.65 1.84 0.08 �0.10 0.85 0.00 0.00 1.81 1.81 0.36
sit. any 2 3 0.54 0.09 6.06 1.00 0.10 �0.59 1.68 0.00 0.00 0.18 0.18 0.16

BSH sympt. any 8 22 0.35 0.05 6.95 4.42 0.00 0.22 0.49 0.00 0.00 6.27 6.27 0.42
sympt. phys 3 10 0.31 0.17 0.19 1.99 0.20 �0.40 1.03 0.10 55.83 4.73 2.09 0.10
sympt. non-phys 7 12 0.34 0.05 6.79 3.92 0.00 0.20 0.48 0.00 0.00 3.48 3.48 0.40

Note. Subsets were omitted if only data from one study were available. All values are given in the metric of Fisher’s z transformed values. I2 is a
percentage. Abbreviations: sympt. = symptoms. sit. = situations. PV = process variable. OM = outcome measure. PM = process measure. k = number of
independent studies. n = number of endpoints. b0 = intercept of model (weighted mean effect size). SE = standard error. df = degrees of freedom (numbers
represent small-sample corrected, Satterthwaite approximated values). CI = confidence interval. LL = lower limit. UL = upper limit. df* = degrees of
freedom for Q and I2 (also representing small-sample corrected, approximate values). p(Q) = p value for the chi-square test on whether the amount of
variation between studies is significant.
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did not reach significance. It is, however, worth noting
that while for IFA-symptoms the results appear very
heterogeneous, the comparably large effect for IFA-
situations can be predominantly traced back to the high
relative weight of the study by Mathews and Shaw
(1973), as demonstrated by the corresponding forest plot
(Figure 3).

Reporting Bias

The subset structure of the data implied that the only
case for which a funnel plot made sense was the IFA
subset dealing with symptom-based outcome measures.
For all other possible combinations, fewer than 10 studies
were available, so the corresponding funnel plots were

Figure 2. Forest plot for RVE meta-analysis of IFA-symptoms (Fisher’s z transformed correlations). The uppercase letters below the
study names indicate the various endpoints extracted from each study. Abbreviations: CI: confidence interval, OM: type of outcome
measure, PM: type of process measure, ORB: outcome reporting bias, IV: in vivo, IS: in sensu
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Figure 3. Forest plot for RVE meta-analysis of IFA-situations (Fisher’s z transformed correlations). For further annotations, please see
the legend below Figure 2

Figure 4. Forest plot for RVE meta-analysis of WSH-symptoms (Fisher’s z transformed correlations). For further annotations, please
see the legend below Figure 2

Figure 5. Forest plot for RVE meta-analysis of WSH-situations (Fisher’s z transformed correlations). For further annotations, please
see the legend below Figure 2
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Figure 6. Forest plot for RVE meta-analysis of BSH-symptoms (Fisher’s z transformed correlations). For further annotations, please
see the legend below Figure 2

Table 3. Meta-regression concerning the influence of ORB (RVE)

Subset 95% CI

PV OM PM k n Coefficient b SE t df p(t) LL UL τ2 I2

IFA sympt. any 12 39 Intercept 0.11 0.11 0.97 6.17 0.37 �0.16 0.38 0.13 76.24
Clearly evident 0.15 0.34 0.45 6.02 0.67 �0.67 0.98 — —

sympt. phys 9 22 Intercept 0.09 0.15 0.59 4.19 0.58 �0.32 0.49 0.09 64.76
Clearly evident 0.53 0.21 2.50 3.92 0.07 �0.06 1.12 — —

sympt. non-phys 7 17 Intercept 0.05 0.09 0.58 2.68 0.61 �0.27 0.38 0.02 27.54
Clearly evident �0.36 0.21 �1.69 1.90 0.24 �1.33 0.61 — —

sit. any 6 18 Intercept �0.33 0.12 �2.63 1.83 0.13 �0.91 0.26 0.16 67.71
Clearly evident 1.11 0.23 4.83 3.82 0.01 0.46 1.76 — —

sit. phys 5 15 Intercept �0.12 0.28 �0.43 1.00 0.74 �3.73 3.48 0.30 74.85
Clearly evident 0.90 0.34 2.62 2.27 0.11 �0.42 2.23 — —

BSH sympt. any 8 22 Intercept 0.29 0.05 5.95 2.06 0.03 0.09 0.50 0.00 0.00
Clearly evident 0.20 0.06 3.18 4.25 0.03 0.03 0.36 — —

sympt. phys 3 10 Intercept �0.02 0.10 �0.21 1.00 0.87 �1.29 1.24 0.10 52.14
Clearly evident 0.50 0.10 4.88 1.00 0.13 �0.80 1.79 — —

sympt. non-phys 7 12 Intercept 0.30 0.05 6.37 2.10 0.02 0.11 0.49 0.00 0.00
Clearly evident 0.17 0.08 2.23 2.76 0.12 �0.09 0.43 — —

Note. The moderator variable ORB was dummy-coded so that intercept reflects the weighted mean effect size for the reference category (i.e., possible/no).
All values are reported in the metric of Fisher’s z transformed values. I2 is a percentage. Abbreviations: sympt.: symptoms; sit: situations; phys: physio-
logical; non-phys: non-physiological; PV: process variable; OM: outcome measure; PM: process measure; k: number of independent studies; n: number of
endpoints; b: coefficient of model; SE: standard error; df: degrees of freedom (numbers represent small-sample corrected, Satterthwaite approximated
values); p(t): p value; CI: confidence interval; LL: lower limit; UL: upper limit.
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not computed. The funnel plot for the aforementioned
subset seemed sufficiently symmetric; however, the
Egger regression test bordered on significance (z=1.88,
p=0.06). Further investigation of reporting bias was thus
indicated.
Contrary to publication bias, ORB constituted a consi-

derable issue in this meta-analysis. The results of the
corresponding meta-regression are displayed in Table 3.
Obviously, the influence of this moderator variable on the
effect size was only significant in one IFA subset and one
BSH subset (even though the effect indeed bordered on
significance in two further IFA subsets). In both cases, the
direction of the effect emerged as suggested by Furukawa
et al. (2007): Clearly evident ORB was shown to be associ-
ated with significantly higher weighted mean effect sizes.
However, in the BSH subset, the weighted mean effect size
was still significant after subtracting the ORB effect, which
was not the case in the IFA subset. In terms of WSH, statis-
tical power was too low to perform the meta-regression
concerning ORB.
The Copas and Jackson (2004) worst case estimate for

the bias introduced by ORB corroborates the findings
from Table 3: For IFA, the possibility of substantial down-
ward ORB could not be excluded, implying that the
weighted mean effect sizes for the IFA subsets may indeed
reflect an overestimation. For BSH and WSH, however,
none of the adjusted pooled correlations (based on the
aggregated data) failed to be significant after taking into
account the size of the bias. Thus, sensitivity analysis with
the Copas selection model was in line with the other two
methods.

Sensitivity Analysis

As planned, sensitivity analyses were performed on the 10
random-effects models presented in Table 2. In none of all
the cases, any substantial influence of ρ was evident,
suggesting that all estimates are fairly robust.

DISCUSSION

The main goal of our study was to estimate the association
between the process variables IFA, BSH and WSH on the
one hand and the outcome of exposure to situations
provoking fear or anxiety on the other hand. We found
evidence that BSH is moderately associated with treat-
ment outcome measured by standardized clinical scales,
whereas for the physiological measures, this association
missed statistical significance due to the small sample
size. With respect to WSH, the strength of association
was also moderate to high, but due to the small number
of studies investigating this association we only found a
trend towards statistical significance. Finally, there was

no evidence for a significant association between IFA
and outcome of exposure. Of note, however, there was
clear evidence that selective reporting is associated with
the weighted mean effect sizes for BSH and IFA. There-
fore, single results that show strong associations between
IFA, BSH and outcome of exposure should be regarded
with caution since they probably reflect overestimations.
Another important result of this meta-analysis is that, as

anticipated, there was a large variation between studies
concerning the strength of association between IFA and
treatment outcome. However, only very little of this
variation could eventually be explained by the moderator
variables we examined, which can in part be traced back
to the small number of studies and endpoints that kept
statistical power small. Nevertheless, it is noteworthy that
in terms of IFA, the results of the meta-regression
suggested that the correlation with outcome of exposure
is higher for physiological compared with non-
physiological process measures, even though this effect
did not reach statistical significance owing to the lack of
power. Yet, it should be emphasized that this finding is
in line with the predictions from EPT, which regards
physiological measures as more valid indicators of the
fear network’s activation than non-physiological ones.
As the lack of statistical power precluded the detection
of any further moderators that may help to explain the
remaining variation, further research is needed to shed
light on this.
Thus, taking all results together, our meta-analysis has

provided rather little evidence in support of the predic-
tions derived from EPT. First, IFA as the alleged precondi-
tion for the success of exposure therapy (i.e., the element
that is most specific to EPT) was not shown to be signifi-
cantly associated with outcome, at least not in a linear
way. Taking into account the significant impact of ORB,
it is likely to assume that the association we found is even
overestimated. With regard to BSH and WSH, we did find
some evidence for an association with treatment outcome.
However, whereas the results concerning WSH should be
treated with maximal caution because of limited power,
those for BSH were shown to be biassed by selective
reporting and therefore are probably overestimated.
Moreover, the association we found with regard to habi-
tuation could also be explained as a side-effect that occurs
when symptoms decrease within or between sessions due
to mechanisms other than emotional processing—which is
why some alternative theoretical considerations seem
appropriate.
Following cognitive theory (e.g., Clark, 1999), exposure

should aim at correcting patients’ faulty beliefs
concerning the phobic situation or the phobic stimulus,
such as the expectation 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 (unless the critical belief is that
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fear will never decline), 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
intervening 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 behavioural experiment (e.g., Clark,
1999). Following cognitive theories, it is not important to
experience a high level of fear, but to refrain from safety
strategies that prevent the testing of faulty beliefs about
a feared outcome (Salkovskis, Clark, Hackmann, Wells,
& Gelder, 1999). If relevant faulty beliefs are challenged,
the patient is likely to experience a considerable amount
of fear during the exposure task (or behavioural experiment).
However, it is possible that a medium level of arousal is
likely to be the best condition for new learning because
very high levels of arousal are supposed to interfere with
new learning (Baldi & Bucherelli, 2005), suggesting a
curvilinear rather than a linear statistical association
between fear activation and outcome—as it has been
found for the treatment of depression (Carryer &
Greenberg, 2010). Given that this is the case, it would
make sense that we did not find any evidence in favour
of a (linear) correlation between IFA and outcome.
Finally, our findings are also in line with the perspective

of inhibitory learning. In accordance with compelling
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
(1996) suggested that instead of weakening old associa-
tions within the fear structure, exposure therapy involves
the formation of ‘new structures that override the influ-
ence of pathological ones’ (p. 339). This perspective was
enlarged by Craske et al. (2008), who emphasize that
exposure should aim at ‘developing competing, non-
threat associations […] and ways of enhancing the accessi-
bility and retrievability of those associations’ (p. 21.),
which they argue can be best achieved by varying
emotional and situational contexts in which a person
enters exposure situations during treatment—rather than
working towards quick reductions of fear. Craske,
Treanor, Conway, Zbozinek, and Vervliet (2014) further-
more highlight expectancy violation and removal of safety
signals as key ingredients of effective exposure. The inhi-
bitory learning perspective can therefore be reconciled
with the result of our meta-analysis that, regarding the
size of the correlation coefficient, WSH and BSH may be
beneficial, but certainly not sufficient conditions for
exposure to be successful.
Overall, our results do not specifically support EPT.

First, IFA as the precondition for the success of exposure
therapy (i.e., the element that is most specific to EPT)

was not significantly associated with the outcome. For
BSH and WSH, we found some evidence for an asso-
ciation with treatment outcome, but (apart from the
statistical limitations described above) the question
whether this fear reduction can be traced back to habitua-
tion (which would support EPT) or to cognitive processes,
as described above, remains unresolved and requires
further experimental research. For instance, an experimen-
tal design that allows either habituation or cognitive
processes to be optimized could help to shed light on the
question which process is more strongly linked to out-
come of exposure therapy.
Our study has a number of strengths. First and most

importantly, to our knowledge, this is the first systematic
quantitative analysis of the association between IFA,
WSH and BSH on the one hand and treatment outcome
on the other hand. Especially when regarding the compa-
rably small sample sizes of some of the studies included, a
meta-analysis renders an enormous increase of informa-
tion as compared with reviewing single studies because
it maximizes statistical power and can therefore shed light
on the nature of a statistical effect that largely differs
across studies. Second, the fact that we found a large effect
of reporting bias in the case of the association between IFA
and the success of exposure therapy underlines the impor-
tance of a systematic quantitative analysis before drawing
conclusions regarding the best way of delivering exposure
therapy.
However, a number of limitations need to be taken into

account when interpreting our findings. First and most
importantly, our conclusions are limited by the compa-
rably small number of studies that entered the meta-
analysis, which is especially true of studies reporting
correlations between WSH and outcome. It should there-
fore be emphasized that in order to further evaluate the
model there is an urgent need for further empirical re-
search on the association between outcome of exposure-
based interventions and process variables such as those
suggested by EPT.
Second, the studies included in our meta-analysis dealt

with a comparably small range of different disorders,
comprising specific phobia, agoraphobia, OCD, trauma-
related disorders and related subclinical phenomena.
Moreover, trauma-related disorders and OCD are in fact
no longer subsumed under the diagnostic group of
anxiety disorders in DSM-5 (APA, 2013), but it seemed
reasonable to include these disorders in our meta-analysis
as EPT also substantially refers to them (Foa and Kozak,
1986).
Third, our results concerning the moderator analysis are

limited by the fact that due to a lack of power we only
were able to analyse a subset of the initially coded mode-
rators. Specifically, we could not analyse the impact of the
purity of exposure and the duration of treatment. This implies
that we cannot be sure whether the heterogeneous results
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can, for instance, be traced back to differences concerning
the type of protocol used or the rationale according to
which exposure was delivered. Neither can we be certain
about the role that the type of diagnosis or a possible
interaction between diagnosis and treatment rationale
play. Future research should therefore address the
question to what extent correlations between the process
variables of EPT and treatment outcome are affected by
those parameters. More studies on the mechanisms under-
lying exposure-based interventions are still needed.

CONCLUSIONS

The most striking result of this meta-analysis is that,
contrary to the predictions of EPT (Foa & Kozak, 1986),
it did not find any systematic association between IFA
and success of exposure therapy, while finding question-
able evidence for the beneficial role of WSH and BSH.
Moreover, the associations between IFA and BSH on the
one hand and outcome of exposure therapy on the other
hand were shown to be influenced by ORB evident in
the studies included, which highlights the caution that
seems appropriate with regard to drawing conclusions
concerning the best way of applying exposure therapy.
Thus, we conclude that the premises of EPT have no
sufficient empirical foundation to draw final recommen-
dations, since our results are equally in line with other
perspectives on the working mechanisms of exposure
therapy, such as the inhibitory learning perspective and
behavioural testing approaches to exposure. Therefore,
more attention should be paid to these approaches in the
future. In sum, further experimental research is needed
before final recommendations can be provided on the best
ways to deliver exposure therapy under specific
circumstances.
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