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CHAPTER |

Introduction

Anxiety disorders, characterized by excessive fear or avoidance of specific stimuli or situations,
are the most common mental health disorder (e.g., Kessler et al., 2005; Moffitt et al., 2010). Fear
conditioning has been a useful framework for understanding how anxiety disorders may be acquired
(Grillon, 2008). Fear conditioning involves the process through which an initially innocuous stimulus
begins to elicit fear following repeated pairings with an inherently aversive, unconditioned stimulus (US).
Although fear conditioning can be an evolutionarily adaptive form of learning (Seligman, 1971), it can
give rise to an anxiety disorder when fear reactivity to the conditioned stimulus (CS) persists in the
absence of the CS/US contingency. Individuals with anxiety disorders also experience learning
differences that further contribute to the development and maintenance of such disorders. Compared to
controls, individuals with anxiety disorders exhibit increased fear responses to both conditioned (CS+)
and unconditioned (CS-) stimuli during acquisition (Duits et al., 2015; Lissek et al., 2005; Davis et al.,
2000), which suggests an increased susceptibility to fear learning and an impaired ability to inhibit fear in
the presence of safety cues. For those with anxiety disorders, conditioned fear drives and motivates
avoidance behavior (Eysenck, 1976; Mowrer, 1947), and often generalizes to stimuli that share similar
properties (Mineka & Zinbarg, 1996; Watson & Rayner, 1920), such that the fear persists across various
stimuli, contexts, and time.

Fear conditioning is weakened partially through the process of extinction, during which the CS is
repeatedly presented in the absence of the US. Fear extinction results in a decline in conditioned fear
responses as an individual learns that the CS no longer predicts the occurrence of the US. A significant
body of literature has demonstrated that fear extinction can be readily observed in animal and human
conditioning models alike (e.g., Furini et al., 2014; Milad & Quirk, 2012; Myers & Davis, 2007). In fact,
fear extinction has served as a model for the treatment of anxiety-related disorders with exposure therapy

(e.g., Eelen & Vervliet, 2006). Exposure therapy is considered the most efficacious treatment for anxiety-



related disorders (for a review, see Foa & McLean, 2016) and works as individuals learn that their feared
outcome is not as likely or as catastrophic as predicted. Exposure therapy has been implemented in many
forms, including graduated versus intense approaches to treatment, brief versus prolonged protocols, and
the inclusion versus exclusion of cognitive and somatic coping interventions. Meta-analyses of
randomized controlled trials have shown very large effect sizes for exposure therapy as a treatment for
anxiety-related disorders either alone or in combination with coping strategies such as reappraisal or
breathing/relaxation training (e.g., McKay et al., 2015; Wolitzky-Taylor et al., 2008; McLean et al.,
2022). Although exposure therapy has been shown to be effective in the treatment of anxiety-related
disorders, much remains unknown about the mechanisms that may explain its effectiveness.
Origins of The Emotional Processing Theory

Lang (1968) initially conceptualized fear responses as the culmination of physiological, verbal,
and behavioral systems, and noted that physiological changes in response to emotional stimuli appeared
to be indicators of improvement during an early form of exposure (i.e., systematic desensitization; Lang et
al., 1970). This view informed the bioinformational model which conceptualized fear as a cognitive
network that consists of three propositions in memory: information about the feared stimulus, information
about the fear responses (e.g., physiological, overt behavioral, verbal responses), and interpretive
information about the meaning of the stimulus and response propositions. The bioinformational model
(Lang, 1977, 1979) was foundational to the inception of the Emotional Processing Theory (EPT,;
Rachman, 1980; Foa & Kozak, 1986). Foa and Kozak (1998) argued that pathological anxiety is derived
from stimulus and response associations that misrepresent real-world relationships. Further, it is the
meaning associated with the fear structure that distinguishes it from other information structures, such
that only fear structures convey a need to escape from threat (Foa & Kozak, 1986). Individuals with
anxiety disorders experience disruptive levels of fear that occur even in the absence of threat, which is
thought to promote escape and avoidance behaviors.

A focus on the integrity of fear structures suggests that effective treatment for anxiety disorders

may require processes that modify the information structures in memory. According to EPT, successful



exposure therapy first involves the activation of the fear structure, and then the presentation and
identification of information incompatible with the existing fear structure. As incompatible information is
presented, the fear structure is thought to consequently unravel. In the context of exposure therapy, the
EPT posits that fear extinction involves the unlearning or erasure of previous fear associations. Further, it
is believed that the more the exposure situation aligns with the fear structure, the greater the emotional
processing that occurs and the better the exposure treatment outcome (Foa & Kozak, 1986).

Relevant Mechanisms for Exposure-Based Learning

Initial Fear Activation. According to EPT, initial fear activation (IFA) is a critical mechanism
through which exposure therapy is successful (Foa & Kozak, 1986). IFA is operationalized as the peak
subjective or physiological fear response (i.e., maximum fear levels minus baseline level) during the first
trial or part of an exposure session (Kozak et al., 1988). Although some evidence does suggest that initial
fear activation predicts beneficial exposure therapy outcomes (Foa et al., 1995; Kozak et al., 1988), this
has not been consistently observed (Kamphuis & Telch, 2000; Rauch et al., 2005; Telch et al., 2004). For
example, IFA as measured by heart rate was found to be significantly associated with degree of fear
reduction and changes in exposure outcome measures during treatment for OCD, contamination fears,
specific phobias, and posttraumatic stress disorder (e.g., Kircanski et al., 2012; Kozak et al., 1988; Lang
etal., 1970), though other measures of IFA including skin conductance, self-reported anxiety, and
electromyography were not significant predictors (e.g., Foa et al., 1995; Kozak et al., 1988; Pitman et al.,
1996). This is notable given that measures such as skin conductance are better at isolating fear (Craske et
al., 2008) than heart rate (Berntson et al., 1991).

Other studies have also shown that IFA is not a reliable predictor of treatment change across different
outcome measures. Studies on in vivo exposure therapy for public speaking anxiety (Tsao & Craske,
2000) and claustrophobia (Sloan & Telch, 2002) have shown that IFA of heart rate does not explain how
participants perform at follow-up. Similarly, IFA was not predictive of treatment outcome during in vivo
exposure for students with height fears (Baker et al., 2010). Given that calculating peak fear level during

the initial phases of exposure could overlook later periods of time that are potentially meaningful and



predictive of change, Benito and colleagues (2018) examined the cumulative sum of fear to represent the
construct of fear activation and still, fear activation failed to predict treatment outcomes in a sample of
patients with OCD. Taken together, these findings suggest that IFA may be inconsistently associated with
treatment outcome but is not likely to be a necessary mechanism for exposure to be effective.

Within-Session Habituation. EPT posits that fear reduction is also fundamental to exposure success
(Foa & Kozak, 1986). One form of fear reduction, known as within-session habituation (WSH) captures
the decline in fear responding from the beginning to the end of an exposure session. It is common for
individuals to experience subjective and physiological declines in fear responding over the course of an
exposure session (e.g., Grayson et al., 1982; Watson et al., 1972), and WSH has been found to be
correlated with treatment change in some anxiety-related disorders (Beckham et al., 1990; Foa et al.,
1983). However, other studies have shown WSH is not significantly related to better outcomes following
in vivo, imaginal, and interoceptive exposure therapy (Baker et al., 2010; Kozak et al., 1988; Riley et al.,
1995; van Minnen & Foa, 2006). In fact, several studies suggest exposure therapy is successful even
when WSH does not occur. For instance, Tsao and Craske (2000) found patients significantly improved
despite no significant heart rate reduction during exposure therapy. Other studies have documented
significant group differences in exposure outcomes despite non-significant differences in WSH
(Kamphuis & Telch, 2000; Sloan & Telch, 2002). Additionally, during prolonged exposure for PTSD,
high treatment responders did not show differential WSH (Sripada et al., 2015).

Inconsistent with the view that fear reduction is fundamental to exposure success, research has
also shown that exposure therapy is effective when exposure is terminated at high levels of anxiety
(Rachman et al., 1986). Further, individuals who discontinued exposure therapy after anxiety was reduced
by 50% showed less return of fear than those who continued exposure until baseline fear was reduced by
100% (Rachman et al., 1987). In light of these findings, subsequent revisions of the EPT suggest that
WSH may not be a key indicator of exposure treatment success (Foa et al., 2006). In fact, researchers now
contend that WSH may be more reflective of within-session performance, rather than the long-term

learning that is necessary for more desirable outcomes (Craske et al., 2008; Kircanski et al., 2012).



Between-Session Habituation. Unlike WSH, there is evidence suggesting that between-session
habituation (BSH) may be a useful predictor of exposure therapy outcomes. BSH refers to the reduction
in fear, anxiety, or distress that occurs across exposure sessions. Indeed, greater reductions in distress
across exposure sessions have been associated with greater treatment response and better outcomes in
anxiety-related disorders (e.g., Gallagher & Resick, 2012; Kozak et al., 1988; Rauch et al., 2004).
Similarly, BSH measured by both heart rate (Lang et al., 1970) and self-reported fear (Foa et al., 1983)
have been shown to be significantly correlated with treatment outcome. Further, following prolonged
exposure therapy for PTSD, BSH, but not WSH, differentiated treatment responders from non-responders
(Sripada et al., 2015). It is important to note, however, that research has shown that individuals who do
not experience significant BSH do experience treatment success (Lang & Craske, 2000; Pitman et al.,
1996; Rowe & Craske, 1998). For example, when heart rate did not decline across exposure sessions,
individuals still saw symptom improvement for specific phobias (Lang & Craske, 2000) and public
speaking fears (Tsao & Craske, 2000). Similarly, nearly two-thirds of individuals with PTSD did not
experience significant distress reduction over the course of exposure therapy but saw treatment benefit
(Bluett et al., 2014). Lastly, one-session exposure interventions have also been shown to yield efficacious
results (e.g., Ost, 1989; see Zlomke & Davis, 2008 for a review), suggesting BSH may not be a crucial
component to successful exposure. Together, these findings suggest that BSH may be helpful, but not
necessary for exposure therapy to be effective.

According to EPT, exposure therapy may have its effects by activating the existing fear structure
which is then followed by a subsequent fear reduction in a gradual, linear fashion (Bluett et al., 2014).
However, findings from three randomized clinical trials show that exposures characterized by a single
peak and linear reductions in fear are rare (~14%; Benito et al., 2018), and the literature suggests that
process mechanisms such as IFA, WSH, and BSH that have been central tenants of EPT do not appear to
be strong, consistent indices of learning. In fact, one meta-analysis failed to find reliable associations

between EPT’s predicted process variables (IFA, WSH, BSH) and exposure therapy treatment outcomes



(Rupp et al., 2017). As such, there have been subsequent efforts to move beyond a habituation-based
model of exposure therapy to better formulate how exposure therapy may have its beneficial effects.
An Inhibitory Retrieval Approach to Exposure Therapy

The inhibitory retrieval model was proposed as an alternative to EPT and emphasizes the
importance of tolerance of fear rather than fear reduction (Craske et al., 2008). As such, the inhibitory
retrieval framework shifts the goal of exposure from “remain in the exposure until fear subsides” to “learn
to tolerate the distress” that accompanies confrontation of feared stimuli (Craske et al., 2008). In addition,
the inhibitory retrieval framework contends that expectancy violation (EV) is the primary mechanism
through which learning occurs (Craske et al., 2008, 2014, 2022). According to Rachman (1994), anxious
individuals tend to overestimate the probability or severity of a negative outcome. According to the
inhibitory retrieval model, learning occurs as anxious individuals experience a prediction error (i.e.,
expectancy violation) during exposure, or a mismatch between what they expected would happen and
what actually occurs (Craske et al., 2008; Rescorla & Wagner, 1972). In support of this view, findings
from a recent systematic review (Hilleke et al., 2021) show increased “mismatch” of expectancies during
exposure lead to more accurate predictions and lower fear. Further, variations in expectancy ratings have
been shown to predict long-term retention of extinction learning, whereas habituation did not (Brown et
al., 2017).

In contrast to the EPT, the inhibitory retrieval model posits that the original threat association
acquired through fear conditioning is not erased during extinction or exposure, but rather competes with a
newly learned, inhibitory (i.e., safety) association that is built as the CS is repeatedly presented in the
absence of the US (Bouton, 1993). This notion is supported by a series of fear conditioning studies in
which Bouton and colleagues (1993; 1983) show that subjects respond with fear after extinction when the
CS is re-presented in the context in which conditioning occurred. Thus, the CS is thought to possess two
meanings after exposure: the original threat meaning and an inhibitory, nonthreat meaning. Accordingly
fear (or non-fear) responding is dependent on which association is activated in memory (e.g., Bouton,

1993). Retrieval of the nonthreat association in memory inhibits the retrieval of the original threat



association (Craske et al., 2022) and as a result, individuals experience less fear or avoidance towards
feared stimuli.
Return of Fear in Exposure Therapy

Although the inhibitory retrieval model posits that exposure therapy yields a new safety
association, it is argued that the original fear association remains intact and retrievable in memory and can
be activated at any time (Craske et al., 2014). This suggests that as an individual confronts the feared
stimulus after exposure therapy, the inhibitory association must outweigh or be activated instead of the
original fear association. However, the original fear association more easily generalizes across context
and time (Craske et al., 2014). This view is consistent with findings that fear returns following successful
exposure between 19 and 62% of the time (Craske & Mystkowski, 2006). Return of fear refers to the
resurgence of fear from the end of exposure therapy to follow-up testing. This reappearance of fear that
has undergone partial or complete extinction is not synonymous with full relapse but is nonetheless
problematic (Craske & Mystkowski, 2006).

Return of fear can be operationalized in four distinct ways (Bouton, 2002). First, context renewal
refers to the re-emergence of extinguished fear when the feared stimulus is presented in a hovel context
(i.e., a context that differs from that of extinction). Conditioning paradigms have demonstrated context
renewal when the environment is changed between extinction and re-test (e.g., in ABA, AAB, or ABC
designs). Clinically, a snake-phobic individual may experience increased fear after encountering a snake
on a hike instead of the previous therapeutic setting (therapist office). Second, fear can return simply after
the passage of time, a type of fear renewal referred to as spontaneous recovery (Quirk, 2002). Clinically,
spontaneous recovery can occur when there is a lapse in time since the last exposure session. Third, fear
can return after an un-signaled presentation of an aversive stimulus or US (i.e., fear reinstatement). For
instance, an individual with public speaking anxiety may experience heightened fear during a presentation
after an aversive experience with a coworker. Lastly, fear reacquisition refers to additional pairings of the
CS/US association after extinction. An example of fear reacquisition may be an individual with OCD who

gets sick in close proximity to touching a dirty toilet seat. Given the variety of ways in which fear returns



following successful exposure therapy, Craske and colleagues (2014, 2022) identified a series of

strategies that could maximize inhibitory retrieval during exposure therapy and attenuate fear renewal.

Strategies for Maximizing Inhibitory Retrieval

Over the last several decades researchers have drawn from appetitive and fear conditioning
studies in animals and humans to inform techniques for optimizing exposure therapy. Drawing largely
from this literature, Craske and colleagues (2014, 2022) have proposed 12 exposure augmentation
strategies to strengthen nonthreat associations and enhance their retrieval in order to sustain long-term
reductions in fear and avoidance following successful exposure. These strategies are hypothesized to
maximize inhibitory retrieval during exposure and attenuate fear renewal. Although the strategies vary in
their focus and approach, the goal of each is ultimately to strengthen expectancy violations, tolerance of
distress, the salience of inhibitory associations, and/or the number of contexts in which the inhibitory
association has been experienced. The proposed inhibitory retrieval strategies include:

1. Expectancy violation (EV). A critical part of new learning involves the mismatch between what is
expected and the actual, observed outcome (Rescorla & Wagner, 1972). The more an expectancy is
violated during exposure, the greater the inhibitory learning that occurs (Craske et al., 2014). Thus,
one strategy is to design exposures in a way that maximally violates an individual’s expectancy.
Indeed, exposures that continue until expectancies have been violated lead to superior treatment
outcomes (Deacon et al., 2013) and variations in EV have been shown to predict greater fear
extinction at retest, whereas self-reported and physiological habituation did not (Brown et al., 2017).

2. Attention to feared stimulus/situation. Another inhibitory retrieval strategy is to emphasize the
importance of attending to the feared stimuli during exposure (and subsequently refraining from
distraction; Craske et al., 2022). Researchers generally agree that learning (i.e., change in associative
strength between the CS and US) is partially dependent on the degree to which an individual attends
to the intended cue (Mackintosh, 1975; Rescorla & Wagner, 1972). Thus, exposure therapy will likely
be more successful if an individual fully attends to the feared stimuli instead of periodically

disengaging from the threat. Indeed, compared to individuals who easily disengage from threat-



related stimuli, individuals who show pre-treatment attentional biases towards threat show better and
more durable responses to exposure therapy two years later (Barry, Sewart, et al., 2015).

Removal of safety signals. Safety behaviors, which are unnecessary actions performed “to prevent,
escape from, or reduce the severity of a perceived threat” (Telch & Lancaster, 2012), are traditionally
considered detrimental to learning because they prevent the natural correction of mistaken, threat-
related core beliefs (Helbig-Lang & Petermann, 2010). Safety behaviors can interfere with inhibitory
learning by preventing the violation of expectancies, obstructing the generalization of safety
associations across contexts, and preventing the development of tolerance of distress (Blakey &
Abramowitz, 2016). Thus, another strategy for optimizing exposure is to remove such behaviors to
facilitate the direct confrontation of feared stimuli and testing of negative expectancies.

Mental rehearsal after exposure. Mental rehearsal is critical for consolidating new memories
(Meeter & Murre, 2004). Thus, mentally rehearsing the inhibitory (CS-no US) association (i.e., feared
stimulus, no-threat association) after exposure may enhance consolidation and strengthen the
subsequent retrieval of non-threat associations (Blakey & Abramowitz, 2016). As an exposure
augmentation strategy, mental rehearsal includes recalling mismatches between expectancy and
outcome and acknowledging any non-occurrence of the feared event.

Reconsolidation. Strategically timing exposure or extinction so that it occurs during a
reconsolidation window may attenuate the fear memory itself (Bouton, 2002). Reconsolidation
involves retrieving previously stored memories (Nader et al., 2000) and incorporating novel
information into the existing memory. Indeed, weakening the fear memory itself would have
important and direct implications for attenuating fear renewal. Reconsolidation could occur before or
after exposure intervention, and researchers have begun exploring the conditions under which the
reconsolidation window is opened and existing fear memories are successfully changed (Craske et al.,
2014).

Deepened Extinction. Traditionally, exposure therapy involves extinguishing one conditioned

stimulus at a time. Deepened extinction (i.e., compound extinction; Rescorla, 2000, 2006) involves



extinguishing two feared stimuli separately and then together, or pairing a previously extinguished
feared stimulus with a current feared stimulus. For an individual with OCD who fears stabbing a
loved one, exposures may initially involve a) holding a knife or b) bringing an intrusive image to
mind separately, then simultaneously holding a knife to a loved one while imagining harming their
spouse. The non-occurrence of the feared outcome in the presence of two feared stimuli may increase
violation of expectancy, thus allowing for greater inhibitory learning (Craske et al., 2014).
Occasionally Reinforced Extinction. Relatedly, exposure therapy often occurs in the absence of a
catastrophic outcome. As the individual learns that the presentation of the CS does not lead to an
aversive response, fear often declines. Occasional reinforcement involves intermittently presenting an
aversive, feared outcome during extinction. Intermittently and unexpectedly presenting the aversive
stimulus during exposure is believed to enhance the salience of the CS, thus generating a higher
violation of expectancy when the subsequent CS presentation occurs in the absence of the aversive
response (Craske et al., 2014; Pearce & Hall, 1980).

Retrieval Cues. Given the original threat association generalizes easily across context and time
(Craske, 2015), it may be advantageous to introduce retrieval cues into exposure therapy. Retrieval
cues are items or experiences that enhance the non-threat association in memory. For instance, a
retrieval cue could be a physical object, such as an unusual or colorful pen (Culver et al., 2011) or the
mental recall of where an individual was and what they learned in a previously successful exposure
(Mystkowski et al., 2006). Importantly, retrieval cues differ from safety signals, which signal the
direct non-occurrence of the aversive, unconditioned stimulus (Craske et al., 2022). Retrieval cues
may be most beneficial towards the end of treatment, so as not to interfere with the violation of
expectancies or facilitate reliance on the cue itself (Craske et al., 2022).

Multiple Contexts. Given that context renewal often occurs when a stimulus is encountered in a
different environment than that of extinction (Mineka et al., 1999; Mystkowski et al., 2006),
conducting exposure sessions in a variety of contexts may allow for greater generalization of safety

learning and enhance retrievability of non-threat associations. Multiple context exposure can include
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10.

11.

12.

changes to the physical environment, or the physical sensations experienced during exposure, such as
conducting interoceptive, imaginal, or in-vivo exposures when alone, in unfamiliar places, at various
times of day/days of the week or conducting exposures when fatigued versus energized.

Stimulus Variability. Like multiple context exposure, conducting exposure to multiple, discrete
stimuli may enhance the number of retrieval cues and the storage capacity of new information.
Stimulus variability could include conducting exposures with different spiders for arachnophobia
(Rowe & Craske, 1998b) or proceeding to the top of different buildings for acrophobia. Importantly,
each stimulus must still elicit high catastrophic outcome expectancies to facilitate EV and subsequent
learning (Craske et al., 2022), and varying the stimuli should be in addition to, not instead of,
repeated presentations of the feared stimulus.

Positive Affect. Negative valence towards the conditioned stimulus can be resistant to extinction and
has been shown to predict later fear renewal (Zbozinek et al., 2015a). Thus, increasing the positive
valence of a CS+ may attenuate subsequent return of fear. Indeed, positive affect has been shown to
enhance the encoding, rehearsal, and retrieval of information (Craske et al., 2022) and as such, may
improve the formation and retrieval of inhibitory associations across context and time (Zbozinek &
Craske, 2017). As a potential precursor to exposure therapy, incorporating positive affect could
involve invoking positive mood prior to exposure (for example, through positive imagery),
recognizing the positive aspects of the feared stimulus, or counterconditioning (Craske et al., 2022).
Affect Labeling. Albeit not a direct inhibitory retrieval strategy, affect labeling is a related
augmentation strategy that has garnered attention to potentially enhance inhibitory regulation.
Researchers have posited that affect labeling could work to strengthen associative, inhibitory learning
processes or could act in a complementary yet independent manner to extinction (Craske et al., 2014).
Linguistic processing more broadly has been shown to activate an executive functioning cortical area
of the brain known as the ventromedial prefrontal cortex (Lieberman et al., 2007), which in turn

activates processes in the amygdala that inhibit downstream fear responses (e.g., Greco & Liberzon,
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2016). Thus, verbalizing one’s emotional experience through affect labeling may enhance inhibitory
processes during exposure.

Laboratory models of extinction learning have great potential to provide valuable insight into the
effectiveness of the inhibitory retrieval strategies that have been proposed to improve exposure therapy
outcomes, especially the commonly observed return of fear (Carpenter et al., 2019; Fullana et al., 2020).
Indeed, the rationale and evidence for inhibitory retrieval strategies is largely founded on learning and
memory research, including appetitive conditioning studies in animals, as well as basic fear conditioning
studies in humans (e.g., Craske et al., 2014). Although laboratory models of extinction learning in animals
have great potential to inform methods for improving the treatment of anxiety-related disorders,
translational research often overlooks important differences between animals’ threat responses and human
fear learning (Carpenter et al., 2019). As such, examining the efficacy of inhibitory retrieval strategies in
basic human fear conditioning experiments may more directly inform exposure-based interventions for

those with anxiety-related disorders.
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CHAPTER II

Study 1: Examination of the Benefits of Inhibitory Retrieval Strategies Across Human Fear

Conditioning and Exposure-Based Interventions: A Qualitative and Meta-Analytic Review

Part I: A Qualitative Review of Inhibitory Retrieval Strategies in Human Fear Conditioning

Previous qualitative reviews have concluded that inhibitory retrieval strategies may maximize
exposure therapy outcomes (e.g., Craske et al., 2014; Weisman & Rodebaugh, 2018). More recent
qualitative reviews have described the mechanisms by which inhibitory retrieval strategies may have their
desired effects (Craske et al., 2022; Knowles & Tolin, 2022). However, a critical qualitative review of the
learning and memory research, including basic fear conditioning studies that serve as the foundation for
the inhibitory retrieval strategies has not been offered. A qualitative description of this literature could
allow for stronger inferences to be made regarding the experimental evidence that supports the application
of inhibitory retrieval strategies in exposure therapy. In Part | of the present review, we qualitatively
review the existing literature of human fear conditioning studies that have compared extinction with and
without an inhibitory retrieval strategy. The purpose of this qualitative review was to broadly answer the
following two questions:

1. Is there a human fear conditioning framework that can be employed to model inhibitory
retrieval strategies?

2. Are differences in outcomes observed between extinction with and without an inhibitory
retrieval strategy?
Literature Search

A literature search was conducted in the PsycINFO and PubMed databases to identify human fear
conditioning studies that compared extinction with and without an inhibitory retrieval strategy. Searches
paired the term “conditioning” with each of the following inhibitory retrieval terms/strategies: deepened

extinction, compound extinction, expectancy violation, occasional* reinforced extinction, occasional*
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reinforcement, safety signal™*, safety behavior, variability, retrieval cue*, multiple context*, multiple
stimul*, affect label*, mental rehearsal, reconsolidation, and positive affect. The asterisk sign was used to
include any number of letters after the root word (e.g., multiple stimul* would include articles mentioning
both “multiple stimulus” and “multiple stimuli”’). The initial search yielded 4,285 articles in total. Of
those, 182 abstracts were reviewed, 58 full texts were downloaded, and Table 1 outlines the 44 studies
that met eligibility criteria for the systematic review (see Figure 1 for PRISMA diagram). The eligibility
criteria were as follows: 1) empirical study, 2) published in English, 3) human (not animal) subjects, 4)
between- (rather than within-) subjects extinction design, 5) at least one augmented, inhibitory retrieval
extinction condition, and 6) a standard fear extinction condition. Overall, the purpose of the present
qualitative review was to examine how successful extinction that includes an inhibitory retrieval strategy

is at attenuating return of fear compared to fear extinction alone in human fear conditioning studies®. The

following review also highlights which strategies are well studied in human fear conditioning models and
identifies gaps that need to be filled with future research.
1. Expectancy violation

Findings from Wong and colleagues (2020) highlight the importance of EV in extinction learning and
provide evidence that increased EV facilitates greater learning. Given that it is often difficult to locate the
original CS (i.e., a specific feared stimulus from which the fear was acquired) for use in an exposure
intervention, stimuli that resemble the CS (i.e., generalization stimuli) are often used during extinction.
Wong and colleagues (2020) examined whether different learned threat beliefs would yield different
levels of EV and ultimately, better outcomes at a post-extinction task. When presented with generalization

stimuli during extinction, participants who reported a high US expectancy experienced large EV, strong

1 As is common with fear conditioning data (e.g., Duits et al., 2015), of the 44 eligible studies only 4 studies
reported means and standard deviations for at least one outcome measure at pre-exposure, post-exposure and/or
follow-up. Means and standard deviations for outcome measures were requested from study authors and only two
provided the necessary data, yielding a total of 6 studies that had sufficient data to include in the current review.
Authors were also asked to share any relevant unpublished data. Given concerns that these 6 studies would not
represent the larger sample, we opted for a systematic qualitative review, which allowed us to include all eligible
studies (N = 44) as opposed to only those that reported the necessary data.
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extinction learning measured by rapid decreases in US expectancy, and low subjective and physiological
fear responding to the CS+ at a post-extinction test. In contrast, participants with low US expectancy
ratings experienced low EV, weak extinction learning, and strong fear responding to the CS+ during the
post-extinction test. These results corroborate the belief that greater discrepancies between expected and
observed outcomes facilitate greater learning and superior outcomes during re-test (Wong et al., 2020;
Rescorla & Wagner, 1972). Clinically, this would suggest that exposure sessions intended to evoke
stronger threat expectancies are likely to strengthen learning and lead to better treatment outcomes.

2. Attention to feared stimulus/situation

Although attention is believed to play an important role in extinction learning (Mackintosh, 1975;
Pearce & Hall, 1980; Rescorla & Wagner, 1972), to our knowledge only two studies to date have
examined attention to feared stimuli or situations as a strategy for attenuating fear renewal. O’Malley and
Waters (2018) randomized participants to one of three conditions in a fear extinction paradigm (i.e.,
attend to the CS+, avoid the CS+, control/no manipulation). Participants instructed to avoid the CS+
during extinction showed significantly larger skin conductance responses (SCRs) to both the CS+ and
CS- during extinction, compared to those instructed to attend to the CS+ and participants who did not
receive attention instructions. Further compared to controls, participants instructed to avoid the CS+
showed significantly less habituation (via SCR) to the CS+ during same-day retest, whereas participants
instructed to attend to the CS+ did not differ from controls (O’Malley & Waters, 2018). These findings
suggest that although attending to the feared stimulus may not enhance extinction training compared to
controls, avoidance of the feared stimulus during extinction may impair learning and increase
physiological fear responding to non-threatening stimuli.

Klein and colleagues (2021) more recently employed a subtle attention manipulation during
extinction where half of participants were told if they attended to feared stimuli, it was possible to predict
the unconditioned stimulus (US) based on a subtle change in stimulus eye color. Compared to controls
who did not receive the attention manipulation, the experimental group showed increased attention to

stimuli and decreased physiological fear responses during extinction. Compared to controls, the
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experimental group also experienced lower startle responses during an extinction recall test three days
later. Somewhat in contrast to findings by O’Malley and Waters (2018), these results suggest that
attending to the feared stimulus during exposure can enhance extinction learning and attenuate fear
responses three days later. It may be the case that attending to the feared stimulus during extinction does
not outperform a control group immediately post-extinction but does enhance inhibitory retrieval at a later
time. This aligns with the inhibitory retrieval framework, which posits that learning is encoded into
memory and can be retrieved at a later date.
3. Removal of safety signals

Although safety signals alleviate short-term distress, fear returns when the safety signal is no longer
present (Lovibond et al., 2000). Scheveneels and colleagues (2019) examined the effects of providing
safety information about the feared stimulus prior to extinction, hypothesizing that such information
would minimize expectancy and interfere with learning. Contrary to study predictions, participants who
received the safety information did not differ from controls in US expectancy ratings during the first trial
of extinction and showed lower return of fear during the test phase immediately following extinction
(Scheveneels et al., 2019). These findings align with those of Sevenster and colleagues (2012), who found
participants informed that the CS would no longer be followed by the US demonstrated lower fear
renewal during a reinstatement test 24 hours later, compared to participants who were not given this
safety information. Interestingly however, when examining overall US expectancy ratings irrespective of
CS+/CS- discrimination in the Scheveneels study (2019), the control group exhibited a steeper decrease in
expectancy throughout the retest compared to the experimental group. Although these studies did not find
evidence of the deleterious effects of providing safety information prior to extinction, Scheveneels and
colleagues (2019) acknowledge that not collecting expectancy ratings after US-omission may have
limited their ability to measure prediction error or degree of “surprise” believed to be indicative of
learning (Klein et al., 2021).

There is evidence suggesting that the presence of safety behaviors may prevent extinction learning

and attenuation of fear renewal. Consistent with a cognitive model of safety behaviors (Salkovskis, 1991),
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it may be the case that participants with access to safety behaviors attribute the absence of an aversive
event to the safety behavior itself, rather than learning the feared outcome may not be as likely as they
predicted. Between-subjects research supports this theory; when the feared stimulus was presented in the
absence of a safety behavior, participants’ fear was effectively extinguished, as measured by decreased
expectancy ratings and SCRs (Lovibond et al., 2009; Engelhard et al., 2015). In contrast, when
participants were given the option to engage with a safety behavior, expectancy ratings and SCRs
remained elevated, indicative of impaired extinction (Lovibond et al., 2009; Engelhard et al., 2015).
Similarly, during a post-extinction test phase in two separate experiments, participants in a safety
behavior group experienced a return of fear of movement-related pain, whereas participants in a no-safety
behavior, control condition did not (\Volders et al., 2012). In fact, participants report increases in threat
expectancy even in instances where the safety behavior is directed towards a stimulus that has never been
paired with threat (Engelhard et al., 2015), suggesting that safety behaviors not only prevent extinction
learning, but also paradoxically increase threat assessment.

Although some findings on the detrimental effects of safety signals have been documented in human
fear conditioning studies (e.g., Scheveneels et al., 2019a), findings from two studies suggest the effects of
safety signals on fear extinction may be nuanced. For instance, in a series of studies by Van Uijen and
colleagues (2018), the use of a safety behavior that precluded the occurrence of a US consistently
prevented extinction of fear, whereas the use of a safety behavior that reduced the US threat prevented
extinction for some but not all participants. It is also worth noting that another study found the presence
of safety signals did not interfere with extinction or reduction of fear expectancies at follow up (Restrepo-
Castro et al., 2017). The authors pointed towards methodological limitations that may partially explain
these null effects, including the categorical (yes/no) approach to assessing expectancy ratings at follow-
up.

4. Mental rehearsal after extinction
No eligible studies were identified that examined mental rehearsal after extinction as an inhibitory

retrieval strategy in human fear extinction paradigms compared to a standard extinction procedure.
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5. Reconsolidation

During a reconsolidation window, stored information about the fear memory may be retrieved (i.e.,
reactivated) and altered to weaken subsequent fear renewal. To our knowledge, twelve studies have
examined reconsolidation in between-subjects, human fear conditioning paradigms as a strategy for
augmenting learning and reducing return of fear. Schiller and colleagues (2010) provided compelling
evidence that a reminder of the fear memory 10 minutes prior to extinction successfully prevented
spontaneous recovery measured by SCRs 24 hours later, whereas no reminder or a reminder 6 hours prior
to extinction did not prevent spontaneous recovery. This blockade of fear renewal persisted one year later,
such that individuals in the 10-minute reminder group showed significantly lower fear reinstatement
compared to the 6 hour and no reminder groups (Schiller et al., 2010). These findings have since been
replicated, such that when fear is reactivated 10 minutes prior to exposure participants exhibit decreased
fear reinstatement three days later, measured by SCRs and memory trace activity in the amygdala (Agren
etal., 2012). In fact, these findings appear to persist for both recently acquired and previously acquired
fear memories. That is, extinction that occurred during a reconsolidation window prevented fear renewal
to young (1 day old) and old (7 day old) fear memories (Steinfurth et al., 2014).

Although the fear memory has most commonly been reactivated with a presentation of the original
CS+ stimulus, Soeter and Kindt (2015) demonstrated that reconsolidation does not necessarily need to be
triggered by the specific retrieval (CS+) cue that was present during the original learning acquisition.
Such reactivation can also occur with an abstract retrieval cue (Soeter & Kindt, 2015) or a US-
reactivation procedure (Thompson & Lipp, 2017). Indeed, in contrast to controls, individuals who
underwent a US-reactivation procedure did not experience spontaneous recovery or fear reinstatement
measured by SCRs (Thompson & Lipp, 2017). The groups did not however, differ in subjective
evaluations of CS valence (Thompson & Lipp, 2017).

More recent research has provided insight into the types of reminders and degree of prediction error
during the reconsolidation window that may be most effective in attenuating return of fear. For instance,

Zhuang and colleagues (2017) found that after fear conditioning to a compound (i.e., visual and auditory)

18



stimulus, a compound reminder to the tone and visual cue disrupted spontaneous recovery and
reinstatement of the fear memory. In contrast, a reminder of the tone alone during reconsolidation lead to
increased SCRs during spontaneous recovery and reinstatement, and a reminder of the visual cue alone
led to increased SCR during spontaneous recovery but not reinstatement.

Additional research has been conducted to better understand the conditions in which reconsolidation
is an effective strategy in attenuating return of fear. Warren and colleagues (2014) found that in contrast
to a standard extinction group, for groups who used a US-expectancy task, the retrieval-extinction
procedure weakened reinstatement of fear-potentiated startle for both CS+s. Li and colleagues (2017)
recognized that the effectiveness of retrieval-extinction paradigms differs based on subtle changes in the
reactivation procedure. Indeed, the ratio of CS+/US presentations during reactivation appears to influence
how effective a retrieval-extinction paradigm is in attenuating fear renewal. While the no retrieval and 1/3
ratio retrieval groups failed to open the reconsolidation window, the 2/3 ratio retrieval group and whole
ratio retrieval groups successfully opened the window and prevented fear reinstatement (Li et al., 2017).
Only the 2/3 ratio retrieval group effectively prevented spontaneous recovery (Li et al., 2017). Together,
these results suggest that there are specific conditions under which reconsolidation is most effective.
Research from Wei and colleagues (2018) is consistent with these findings, in that there appears to be a
“sweet spot” of prediction error that best augments learning and weakens return of fear. Wei and
colleagues (2018) designed experimental groups that would yield varying amounts of prediction error
during reconsolidation and examined their effects on spontaneous recovery and fear reinstatement.
Groups with no prediction error (unreinforced CS+ reminder) and multiple prediction errors (four
unreinforced CS+ reminders) led to increased physiological fear renewal, whereas groups with negative
prediction error (two unreinforced CS+) and positive prediction error (two reinforced CS+) did not show
increased physiological fear responding. These findings suggest that prediction error is a necessary
component for initiating reconsolidation, that a lack of prediction error does not effectively activate the
fear memory, and that the amount of prediction error that occurs during reconsolidation may have

important implications for the degree of later fear renewal.
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It is worth noting that reconsolidation has also been shown to not be an effective strategy in
attenuating fear responses across all levels of analysis. For instance, Soeter and Kindt (2012)
demonstrated that reconsolidation was effective in attenuating fear measured by startle responses and
subjective anxiety, but not skin conductance discrimination or US expectancy ratings, suggesting that
various memory traces of a fear association do not necessarily undergo reconsolidation in the same way.
Further, in contrast to Schiller and colleagues (2010), Kindt and Soeter (2013) did not find evidence that
extinction learning within the reconsolidation window prevents fear renewal across subjective or
physiological levels of analysis. Similarly, presenting a cue to open the reconsolidation window was not
shown to reduce intrusion-related distress or fear renewal (Marks & Zoellner, 2014). In fact, individuals
who underwent extinction during the reconsolidation window exhibited more intrusions 24 hours later
compared to those who completed extinction outside of the reconsolidation window (Marks & Zoellner,
2014).

6. Deepened Extinction

Drawing from error-correction models of learning (Rescorla & Wagner, 1972), deepened extinction
may renew the US expectancy through the summed associative strength of the extinguished conditioned
stimuli, which in turn yields a greater prediction error when both CSs occur in the absence of the US.
Expectancy violation may be increased either by extinguishing two CSs alone then extinguishing them
together or extinguishing a target CS alone and followed by a compound presentation of the extinguished
and non-extinguished CSs (Coelho et al., 2015; Reberg, 1972). Coelho and colleagues (2015) tested the
former strategy and found that compared to a standard extinction group, the deepened extinction group
exhibited weaker physiological (SCR) and subjective (US expectancy ratings) fear renewal 24 hours later.
Similarly, Culver and colleagues (2015) showed that participants who were presented with single
extinction trials followed by compound extinction exhibited significantly less fear renewal during tests of
spontaneous recovery and fear reinstatement, compared to those who were only presented with single
extinction trials (Culver et al., 2015). Together, these findings suggest that extinction to stimuli alone

followed by compound extinction is an effective strategy in attenuating return of fear.
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To our knowledge, only one between-subjects human fear conditioning study has not found support
for the efficacy of deepened extinction in attenuating return of fear. Krypotos and Engelhard (2019)
examined the effects of deepened extinction on both return of fear and avoidance-related behavior and
found standard and deepened extinction yielded similar reductions in avoidance behavior, fear ratings,
and US expectancies. Compared to the standard extinction group, the deepened extinction group exhibited
higher levels of fear at the end of extinction, and yet group differences were non-significant during tests
of fear reinstatement. These findings do not provide evidence that deepened extinction augments
extinction training but aligned with the notion of tolerance of distress described in the inhibitory retrieval
framework (Craske et al., 2008), do suggest that participants can sustain higher levels of fear responding
during extinction and perform similarly to standard extinction groups at tests of fear renewal.
7. Occasionally Reinforced Extinction

To our knowledge, four studies to date have examined the effects of occasionally reinforced
extinction (ORE) on return of fear in human conditioning paradigms. In an ABA design, individuals who
received occasional, unpaired shocks during extinction experienced decreased fear responding to the CS+
relative to the CS- (Vervliet et al., 2010). In contrast, individuals who received standard extinction
exhibited increased expectancy and SCRs during retest (Vervliet et al., 2010). Several studies have since
provided additional evidence for the benefits of occasionally reinforced extinction. For instance,
Thompson and colleagues (2018) found that both paired and unpaired presentations of the US during
extinction protected against spontaneous recovery of differential fear responses, whereas non-reinforced
extinction did not. Further, findings suggested that unpaired, but not paired, presentations of the US may
also protect against rapid reacquisition. Occasional US presentations may increase prediction error when
the feared stimulus is subsequently presented in the absence of the US and better prepare individuals to
tolerate aversive stimuli at retest. Indeed, Culver and colleagues (2018) found that occasional
reinforcement sustained physiological arousal throughout extinction but importantly, also protected

against fear reacquisition one week later.
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In contrast to prior studies, Quintero and colleagues (2022) found inconsistent evidence for
occasional reinforcement as a strategy for attenuating fear renewal. In one experiment, ORE was shown
to slow the rate of reacquisition compared to the standard extinction group, whereas other experiments did
not demonstrate superior effects of ORE. These findings may in part be explained by different intervals of
time between extinction and re-test (just 6 minutes and 24 hours in Quintero et al., 2022) and as the
authors noted, a limitation of reliance on subjective threat outcomes. Nevertheless, across all studies,
occasional reinforcement appears to perform similarly, if not better, than standard extinction in
attenuating return of fear.

8. Retrieval Cues

Retrieval cues may be an effective strategy for signaling safety and inhibiting fear responses after
successful extinction training. Dibbets, Havermans and Arntz (2008) tested the effect of a neutral
extinction retrieval cue (i.e., an ampersand symbol) and examined the precise role of such cues on return
of fear. For groups who did not receive an extinction retrieval cue, the extinguished threat expectancy re-
emerged when the CS was presented in a different context from extinction. The renewal effect was
weakened however, for groups who did receive an extinction retrieval cue, but only when there was no
change in context. This research group then extended these findings by examining the role of valence in
extinction cues and found that compared to negatively-valenced retrieval cues, positively-valenced cues
resulted in faster extinction, greater attenuation of fear renewal, and stronger transfer of inhibitory
properties to non-extinguished stimuli (Dibbets & Maes, 2011). Given that only two studies to date have
examined the role of retrieval cues in attenuating fear renewal in human fear conditioning paradigms, this
remains an important area for future research.
9. Multiple Contexts

Two primary questions have emerged from empirical studies on multiple-context extinction in the
human fear conditioning literature: first, how effectively does multiple-context extinction attenuate fear
renewal in the environment in which the fear was learned (ABA design) and second, how well does

learning during multiple-context extinction generalize to novel contexts (ABC design)? To address the
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former, Neumann, Lipp and Cory (2007) examined the effects of multiple-context extinction (i.e.,
different combinations of colored lights and background sounds) on fear renewal in an ABA design.
Although all single- and multiple-context extinction groups showed decreases in expectancy ratings to the
CS+, the groups who underwent extinction multiple contexts experienced greater variation in expectancy
ratings during extinction and renewed shock expectancy in the original test context (Neumann et al.,
2007). These results are somewhat unsurprising, given that the single-context group underwent
acquisition, extinction, and fear renewal testing all in the same context. Nonetheless, two studies have
since demonstrated that multiple-context extinction may in fact protect against fear renewal in the
acquisition context. In contrast to Neumann and colleagues (2007), Bandarian Balooch and Neumann
(2011) found that ABA fear renewal was weaker when fear extinction occurred in multiple contexts that
were dissimiliar to that of acquisition and abolished when the multiple extinction contexts that resembled
the test context were combined. More recently, Krisch, Bandarian Balooch, and Neumann (2018) have
also shown fear renewal is weakened for participants who completed 12 extinction trials in multiple
contexts compared to those who completed 12 extinction trials in a single context. Completing 36 trials in
a single extinction context was also effective in attenuating fear renewal, albeit not as effective as
completing 36 trials in multiple contexts (Krisch et al., 2018). These findings show support for the
generalizability of multiple-context extinction in an ABA design, but do not provide insight into how
learning in multiple extinction contexts may generalize to novel environments.

Although an ABC design may in some ways be weaker than an ABA design, examinations of ABC
renewal are more clinically relevant (Bandarian Balooch et al., 2012) because they provide insight into
how extinction learning will generalize to novel contexts. To that end, studies have consistently shown
that compared to single-context extinction, multiple-context extinction is more effective in attenuating
fear renewal in a novel test environment. For instance, Bandarian Balooch and colleagues (2012)
demonstrated that individuals who received extinction in multiple contexts exhibited attenuated fear
renewal in a novel context as measured by decreased US expectancy ratings and startle blink responses,

compared to single-context extinction. Similarly, compared to single-context extinction, multiple-context
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extinction has been shown to reduce responses in the amygdala-hippocampus complex during a fear
renewal test in a novel context, although groups did not significantly differ in differential SCR (Hermann
et al., 2020). Recent research designed to enhance the ecological validity of the extinction contexts also
found that participants who underwent single-context acquisition and multiple-context extinction in
virtual reality (VR) reported lower US expectancy ratings than participants who underwent both
acquisition and extinction in a single VR context (Wong et al., 2023). Lastly, extinction in multiple
contexts was shown to weaken fear reinstatement in a novel context, but not spontaneous recovery in the
extinction context as measured by fear potentiated startle (Dunsmoor et al., 2014).

10. Variability

In human fear conditioning studies, variability has been examined in two ways: first, variability in the
order in which feared stimuli are confronted during extinction (i.e., hierarchy variability) and second,
variability in the feared stimuli presented during extinction. To our knowledge, Scheveneels and
colleagues (2019b) are the only ones to date who have examined hierarchy variability in a human fear
extinction paradigm. Compared to a hierarchical extinction group, individuals who were presented with
feared stimuli in a random order showed greater expectancy violation, physiological arousal, and
variability in shock expectancy ratings (Scheveneels et al., 2019b). However, the two groups did not
differ in fear responding at a retest one day later, suggesting hierarchy variability may not augment
differential fear learning in the “long” term.

Several studies have also examined stimulus variability during fear extinction paradigms. For
example, individuals presented with multiple stimuli during extinction experienced lower SCRs to
generalization stimuli that resembled the CS+ compared to controls (Waters et al., 2018). Additionally,
the multiple-stimulus extinction group exhibited smaller SCRs to generalization stimuli that resembled
the CS+ than generalization stimuli that did not, whereas the opposite pattern was true for controls
(Waters et al., 2018). These findings suggest multiple-stimulus extinction increases generalized
physiological arousal during extinction but reduces physiological arousal during retests to novel stimuli

and re-exposure to the originally feared stimulus (Waters et al., 2018). Follow up studies have since
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shown that extinction with the original CS and additional stimuli resembling the CS results in increased
SCRs during extinction but lower SCRs to novel stimuli resembling the conditioned stimuli (Waters et al.,
2021). Together, these findings suggest extinction training that includes the conditioned stimuli and
stimuli that resemble the CS+ enhances learning and generalization to novel stimuli. Lastly, extinction to
multiple generalization stimuli has not been shown to reduce fear to a novel generalization stimulus
compared to a single-generalization extinction group (Zbozinek & Craske, 2018). While this finding may
be explained in part because the novel generalization stimulus was presented first, additional research is
warranted to better understand how multiple stimulus extinction and extinction to generalization stimuli
attenuate fear both individually and when combined.
11. Positive Affect

Although literature on increasing positive valence to feared stimuli is somewhat nascent, there are
several strategies that researchers have employed to determine if positive affect could reduce return of
fear. Inducing positive mood prior to extinction training is perhaps the most reliable and to our
knowledge, two studies to date have examined such a strategy in a between-subjects, human fear
conditioning paradigm as a method for attenuating fear renewal (for a comprehensive review including
within-subjects designs, see Craske et al., 2022). One way to induce positive mood prior to extinction is
through positive imagery training. Compared to a control group, a group who received positive imagery
training prior to extinction experienced increased positive affect, decreased negative valence to the CS+
after extinction, and decreased fear reinstatement measured by startle reflex and self-reported fear one
week later (Zbozinek et al., 2015b). These findings suggest that positive imagery training may be an
effective strategy in reducing negative valence to feared stimuli and subsequently, reducing return of fear.
Another such strategy to induce a positive mood prior to extinction is through the presentation of positive
stimuli. Zbozinek (2018) randomized participants to either view humorous television commercials
(positive mood induction) or anti-drinking/driving and anti-domestic violence television commercials
(negative mood induction) prior to extinction training. Overall, results suggested that there were no

significant effects of mood induction on long-term extinction learning, spontaneous recovery, or fear
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reacquisition. Although the positive mood induction group exhibited significantly lower SCR than the
negative mood induction group during the first trial of reacquisition, this represented higher fear
immediately prior to reacquisition instead of during the test itself. Given that arousal was a potential
confound in the study (Zbozinek, 2018), future research is warranted to determine if pre-extinction
manipulations of positive affect reliably predict attenuated fear renewal.
12. Affect Labeling

No eligible studies were identified that examined affect labeling as an inhibitory retrieval strategy in

human fear extinction paradigms.

Quialitative Review Conclusions

This systematic review provides insight into the current state of the literature in understanding the
role of inhibitory retrieval strategies in reducing return of fear in human fear extinction paradigms.
Overall, findings appear to lend support for the inclusion of inhibitory retrieval strategies to strengthen
extinction learning. Namely, strategies such as reconsolidation, occasional reinforcement, and extinction
in multiple contexts appear to demonstrate largely favorable effects on the attenuation of fear renewal in
extinction paradigms. Specifically, there is strong evidence that reactivating a fear memory and
completing extinction during a reconsolidation window may be an effective strategy in attenuating return
of fear. Importantly, reminders during the reconsolidation window may be most effective if they capture
combined traits of the original CS (Zhuang et al., 2017). This is an especially promising inhibitory
retrieval strategy given that the existing literature suggests that there may be several ways to reactivate the
fear memory and successfully attenuate fear responding after reconsolidation.

Occasionally reinforced extinction is also promising, given that it has been shown to protect
against several types of return of fear, including spontaneous recovery and fear reacquisition, and is
believed to facilitate greater EV (Thompson et al., 2018; Culver et al., 2018; Vervliet et al., 2010).
Unpaired presentations of the US, compared to paired US presentations, appear especially effective in

attenuating return of fear in ORE paradigms (Vervliet et al., 2010; Thompson et al., 2018) and results are
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strongest at longer intervals of time between extinction and re-test (Culver et al., 2018; Quintero et al.,
2022). Finally, the present qualitative review suggests multiple-context extinction is an effective strategy
for attenuating fear renewal to novel and familiar contexts, particularly when the extinction contexts are
contextually similar (Bandarian Balooch & Neumann, 2011) or greater in number (Krisch et al., 2018).
Further, multiple-context extinction and extinction in similar contexts to the test environment may
additively weaken fear renewal. In addition to yielding promising preliminary effects as a standalone
strategy, EV (i.e., prediction error) appears to facilitate learning in several of the other strategies (e.g.,
reconsolidation, Wei et al., 2018), which is consistent with the inhibitory retrieval framework.

There are also several strategies (e.g., extinction with retrieval cues, positive affect) that show
promise in weakening return of fear but would benefit from additional replication studies before making
more definitive claims. Strategies such as the removal of safety signals yield inconsistent findings that
warrant future research (for a review, see Meulders et al., 2016). For example, future research is
necessary to better understand if and under what conditions safety behavior use interferes with extinction
learning. Furthermore, additional research is necessary to better understand how such safety information
may interfere with EV and such findings may differ across levels of analysis. Although the use of
retrieval cues shows some promise, it will be important to clarify when and what types of retrieval cues
are most effective. Future research along these lines will also need to examine the context(s) in which
retrieval cues transition into safety behaviors.

Positive affect is also quite promising, and Craske and colleagues (2022) have proposed

counterconditioning as a potential strategy for increasing positive affect?. Counterconditioning is based

on the principles of classical conditioning and attempts to replace bad or unpleasant emotional responses
to a stimulus with more pleasant, adaptive responses. A recent study using an approach-avoidance conflict

paradigm found that counterconditioning was more effective in reducing negative valuation and

2 Given that counterconditioning more closely ties to the framework of evaluative conditioning rather than Pavlovian
conditioning, we did not include counterconditioning studies in this qualitative review of human fear conditioning.
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decreasing costly avoidance than traditional extinction (Hulsman et al., 2023). Accordingly,
counterconditioning warrants additional examination as a strategy for increasing reward drive in
combination with extinction to overcome avoidance in anxiety-related disorders (for a review of findings
in the context of the inhibitory retrieval framework, see Craske et al., 2022).

This qualitative review also showed that mental rehearsal and affect labeling strategies have yet
to be examined in the context of fear extinction paradigms. This may be because these strategies rely on
verbally processing experiences (e.g., what the participant learned during prior trials; how the participant
felt in the moment and why) and are more easily tested in exposure-based paradigms where the fear cues
are more meaningful and salient. Further, mental rehearsal and affect labeling cannot be tested in animal
conditioning paradigms and have not been as thoroughly discussed in prior qualitative reviews (e.g.,
Craske et al., 2014; 2022), which may also explain the lack of extinction studies in this area. Future
research will benefit from continuing to examine the efficacy of inhibitory retrieval strategies, especially
mental rehearsal and affect labeling, on the attenuation of fear renewal.

Although a qualitative review of the inhibitory retrieval strategies and fear conditioning literature
is useful in synthesizing research and examining overall patterns, the effectiveness of such strategies with
regards to exposure therapy is unclear. Further, although several strategies have shown promise in
improving generalization of learning (e.g., weakening fear renewal in novel contexts), it remains unclear
whether such strategies outperform standard exposure interventions across all (i.e., composite) outcome
measures or only on primary outcomes. Primary outcomes consist of measures that most directly assess
learning (e.g., expectancy violation, generalization tests with novel stimuli) and/or symptom change (e.g.,
self-reported fear, symptoms on clinical inventory). Although a composite effect approach would provide
valuable insight into the overall efficacy of standard exposure versus inhibitory retrieval-based exposure,
it may not provide the specificity necessary to capture differences in inhibitory retrieval. Given that the
goal of inhibitory retrieval strategies is to increase expectancy violation and retrieval of safety
associations at follow-up (Craske et al., 2014), there may be differences in the efficacy of standard

exposure and inhibitory retrieval-based exposure that are observed on primary outcomes but washed out
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when examining overall effects. Accordingly, Part Il of this review examines the effectiveness of
inhibitory retrieval strategies during exposure therapy, especially with regards to reducing the return of
fear. Meta-analysis was used to quantitatively assess differences in efficacy between an exposure
intervention with an inhibitory retrieval strategy compared to a standard exposure group. The purpose of
this quantitative review was to answer the following three questions:
1. Do exposure interventions with an inhibitory retrieval strategy outperform standard
exposure?
2. Are the potential benefits of exposure interventions with an inhibitory retrieval strategy
observed across all outcomes or only on primary outcomes?
3. Are there potential moderators of differences between exposure interventions with an

inhibitory retrieval strategy and standard exposure?
Part 11: A Quantitative Review of Inhibitory Retrieval Strategies in Exposure Therapy

Literature Search

A literature search was conducted using the PsycINFO and PubMed databases. Searches paired
the term “exposure” with each of the following inhibitory retrieval terms/strategies: deepened extinction,
compound extinction, expectancy violation, occasional* reinforced extinction, safety signals, safety
behavior, retrieval cue, multiple context*, multiple stimul*, affect labeling, hierarch* variability,
emotional variability, distress variability, reconsolidation, and positive affect. The asterisk sign was used
to include any number of letters after the root word (e.g., multiple stimul* would include articles
mentioning both “multiple stimulus” and “multiple stimuli”’). The initial search yielded 9,359 articles in
total. Of these articles, as shown in Figure 2, 71 were read in full to assess for eligibility. Inclusion criteria
were as follows: 1) empirical study, 2) published in English, 3) between- (rather than within-) subjects
exposure design, 4) at least one augmented, inhibitory retrieval exposure condition, 5) a standard
exposure condition (without an inhibitory retrieval strategy), and 6) reported means and standard

deviations for at least one outcome measure at pre-exposure, post-exposure, and follow-up (if applicable).
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Studies with experimental manipulations that occurred after the exposure intervention (e.qg., at follow-up)
were not included. The literature search was conducted from spring 2022 to winter 2022. Prior qualitative
reviews on inhibitory retrieval strategies published by Craske and colleagues (2014; 2022) and Weisman
and Rodebaugh (2018) were also reviewed for any empirical studies missed in the PsycINFO and
PubMed database searches. Five other articles that met inclusion criteria were added, yielding a total
number of 38 peer-reviewed articles included in the current meta-analysis.
Classification of Treatments

Treatments were classified into the “standard exposure group” if they included direct
confrontation of the feared stimulus through in vivo exposure, interoceptive exposure, imaginal exposure,
exposure to videos of feared stimuli, or virtual reality exposure. Treatments were classified into the
“inhibitory retrieval exposure group” if they included the aforementioned criteria and one of the strategies

discussed in Craske and colleagues’ 2014 or 2022 review.

Classification of Outcomes

Outcome measures were classified into one of the following three categories: subjective (self-
report), behavioral, or physiological to comprehensively assess fear responses. The subjective, self-report
measures widely varied based on the nature of the feared stimulus. Non-fear-related subjective outcomes
(e.g., disgust) were excluded. The behavioral outcome measures were derived from in vivo or virtual
behavioral approach tasks (BAT). Physiological outcome measures included those that assessed
psychophysiological responding and included heart rate (HR), skin conductance level (SCL), and skin
conductance response (SCR). To examine the importance of outcome specificity, two approaches were
taken to analyzing outcome data: a composite outcome effect approach and a primary outcome effect
approach.

Composite effect approach. When multiple outcome measures were included in the same
domain for a given study, the measures were averaged to yield one composite effect size for that domain.
For instance, if a study included a behavioral approach task (BAT) to pre-test stimuli and another to novel

(generalization) stimuli, the effect sizes were averaged to yield a single behavioral composite effect size.
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Similarly, if a study included a self-report symptom measure (e.g., Fear of Spiders Questionnaire) and
negative expectancy ratings before and after exposure, the effect sizes were averaged to yield a single,
subjective composite effect size.

Primary outcomes effect approach. Primary subjective, behavioral, and physiological outcomes
were also identified for each study to examine specific, rather than composite, effects of inhibitory
retrieval strategies on exposure outcome. One primary outcome was selected for each domain (e.g.,
subjective, behavioral, physiological). The hypotheses, methods, and data analytic sections of each study
were first examined to identify a primary outcome listed by the authors for each domain. In the case that a
single, primary outcome was not identified, emphasis was given to outcomes that assessed generalization
of learning, were assessed across multiple time points (e.g., pre-exposure, post-exposure, and follow-up),
and most directly assessed for fear or anxiety (e.g., fear rating versus contamination rating). If the primary
outcome remained unclear (e.g., no tests of generalization of learning), the first outcome listed was

included.

Analytical Overview

Random effects model and heterogeneity. A random-effects model was used to account for the
heterogeneity within and between study samples (Hedges & Olkin, 2014). This model assumes a
heterogeneous distribution of true effect sizes, as opposed to one true effect. For each comparison, 12 was
reported to quantify the degree of heterogeneity in the meta-analysis (Huedo-Medina et al., 2006). 12
represents the percent of variance in effect estimates that is due to heterogeneity rather than chance
(Higgins et al., 2022). Benchmarks for interpretation of I12are as follows: 0 to 40% represent minimal
heterogeneity, 30-60% represent moderate heterogeneity, 50-90% represent substantial heterogeneity, and
more than 75% represent considerable heterogeneity (Higgins et al., 2022). An 12 of zero suggests all
differences are random.

Data analytic strategy. Effect sizes for exposure interventions were calculated by comparing

exposure outcome means and standard deviations for individuals who received exposure augmented by an
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inhibitory retrieval strategy and those who received an exposure intervention without an inhibitory
retrieval strategy. Hedge’s g was used as the effect size measure, which follows the same benchmarks for
interpretation as Cohen’s d (0.2 = small, 0.5 = medium, 0.8 = large). Effect sizes were categorized into
one of the three outcome domains described above (i.e., self-report, behavioral, physiological). For
behavioral outcomes, time spent avoiding feared stimuli was reverse scored to be consistent with
direction of other outcomes (e.g., higher number of BAT steps completed reflect greater behavioral
approach). When a study included multiple groups that were suitable for comparison, an effect size was
computed for each comparison. For example, a study with two inhibitory retrieval conditions and a
standard exposure control condition would yield two effect sizes (inhibitory retrieval strategy #1 vs.
control; inhibitory retrieval strategy #2 vs. control). Effect sizes for each outcome were weighted by
sample size to prevent a small sample from disproportionately influencing the overall effect size
(Rosenthal, 1991). When multiple follow-up periods were included (e.g., 1 month, 6 months, 12 months),
data from the longest follow-up period was used. When data from more than one control condition was
available, the control condition that most closely aligned with standard exposure and response prevention
was selected.

Positive values reflected effect sizes favoring the inhibitory retrieval group compared to the
standard group (e.g., weaker return of fear). Negative effect sizes reflected effect sizes favoring the
standard exposure group versus inhibitory retrieval group in return of fear.

Publication Bias and Moderation. Multiple methods were used to assess for publication bias.
We visually inspected funnel plots, and Egger’s regression analysis was used to determine whether the
asymmetry was statistically significant (Egger et al., 1997). We also calculated Rosenthal’s fail-safe N to
determine the number of missing studies with an effect size of zero that would be necessary to reduce the
overall effect size to non-significance (p > .05; Rosenthal, 1979). Gender (% female), age, number of
treatment sessions and duration of time to follow-up session were assessed as potential, continuous

moderators using meta-regression. Given missingness across studies, each potential moderating variable
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was examined in a separate meta-regression model. Nature of the sample (e.g., analogue, clinical), type of
disorder, and inhibitory retrieval strategy type were examined as categorical moderators.
Results

Study and Sample Characteristics

For exposure study and sample characteristics, see Table 2. The final sample of 38 studies were
published from 1998 to 2023 and included 2,126 participants. The final sample had a mean age of 25.32
and was 79.7% female and 64.4% White. The mean sample size across studies was 24.87 for the
inhibitory learning group and 24.66 for the standard exposure group. The number of exposure sessions
ranged from 1 to 10, with an average of 1.68 exposure sessions and 65.8% of studies consisting of one
session of exposure. The average time for follow-up assessment was 24.7 days, with follow-up
assessment periods ranging from 0 days to 12 months. Approximately 58% (k = 26) of the studies
conducted exposure with an analogue sample, 24% (k = 11) with a clinical sample, and just one with
healthy controls. Most exposure interventions were in-vivo in nature (71%; n = 27), 13% were video-
based (n = 5), 10.5% were virtual reality (n = 4), and there was one interoceptive and one imaginary
exposure intervention included. Lastly, there were 23 studies conducting exposure for specific phobia, 9
for obsessive-compulsive disorder (OCD), 4 for social anxiety/public speaking anxiety, 1 for
posttraumatic stress disorder (PTSD), and 1 for panic disorder.
Efficacy of inhibitory retrieval-based exposure relative to traditional exposure intervention

Table 3 shows the summary statistics for each comparison. See Figure 3 for the composite and
primary outcomes effect sizes across time and levels of analysis.
Composite Effects

Subjective. Thirty-five studies (with 47 total comparisons) included pre-exposure, post-exposure,
and follow-up data on subjective outcomes. The overall effect size was not significant when examining

changes from pre-exposure to post-exposure, g = -.06, p > .10, 12 = 20%, from pre-exposure to follow-up,
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g =0.05, p > .10, 12 = 35%, or when assessing return of fear from post-exposure to follow-up, g = .07, p =
13, 12 = 0%.

Behavioral. Seventeen studies (with 22 total comparisons) included pre-exposure, post-exposure,
and follow-up data on behavioral outcomes. The overall effect size was not significant when examining
changes from pre-exposure to post-exposure, g = .02, p > .10, 12 = 0%, from pre-exposure to follow-up, g
=.06, p > .10, 1> = 8%, or from post-exposure to follow-up, g =.02, p > .10, I? = 0%.

Physiological. Ten total studies included pre-exposure, post-exposure, and follow-up data on
physiological outcomes. The overall effect size was not significant when examining changes from pre-
exposure to post-exposure, g =-.02, p > .10, 12 = 27%, from pre-exposure to follow-up, g = .08, p > .10, 12
= 31%, or from post-exposure to follow-up, g = -.10, p > .10, 1> = 68%.

Primary Outcome Effects

Subjective. Thirty-five studies (with 47 total comparisons) included pre-exposure, post-exposure,
and follow-up data on subjective outcomes. There was a non-significant overall effect size when
examining changes from pre-exposure to post-exposure, g = .01, p > .10, 12= 41% and from pre-exposure
to follow-up, g = .10, p > .10, 12=50%. However, when assessing return of fear from post-exposure to
follow-up, there was a small, significant overall effect size, g = .13, p = .01, 12 = 4% suggesting that
exposure therapy that includes an inhibitory retrieval strategy results in significantly less return of fear
than a standard exposure intervention.

Behavioral. Seventeen studies (with 22 total comparisons) included pre-exposure, post-exposure,
and follow-up data on behavioral outcomes. When examining changes from pre-exposure to post-
exposure, there was a non-significant overall effect size, g = .04, p > .10, 1= 0%. However, there was a
small significant overall effect size when examining changes from pre-exposure to follow-up, g = .12, p =
.03, 1?= 0%, and a marginally significant effect size when examining return of fear from post-exposure to
follow-up, g = .11, p = .05, 1= 5% suggesting that exposure therapy that includes an inhibitory retrieval
strategy results in significantly greater improvement from pre-exposure to follow-up and marginally

significantly less return of fear than a standard exposure intervention.
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Physiological. Ten studies included pre-exposure, post-exposure, and follow-up data on
physiological outcomes. The overall effect size was not significant when examining changes from pre-
exposure to post-exposure, g =-0.01, p > .10, 12= 42%, from pre-exposure to follow-up, g = -0.05, p >
.10, 1= 43%, or when assessing for return of fear from post-exposure to follow-up, g = .09, p > .10, I°=
76%.

Moderating Effects

Moderation analyses were conducted to examine whether any study variables affected the group
differences for the significant subjective and behavioral primary outcome analyses. For the subjective
return of fear comparison, the moderating effects were not significant for gender (Q = 0.08, p =.78), age
(Q =0.35, p =.56), nature of the sample (Q = 3.40, p = .18), inhibitory retrieval strategy type (Q = 3.94, p
=.92), type of disorder (Q = 2.72, p = .74), exposure type (Q = 1.83, p =.77), number of treatment
sessions (Q = 0.19, p = .66), or duration of time to follow-up session (Q = 0.13, p =.72). Similarly, for
the behavioral pre-exposure to follow-up comparison, the moderating effects were not significant for
gender (Q < 0.001, p =.98), age (Q = 0.01, p =.59), nature of the sample (Q = 0.83, p = .66), inhibitory
retrieval strategy type (Q = 11.88, p = .07), type of disorder (Q = 1.26, p = .53), exposure type (Q = 4.62,
p = .20), number of treatment sessions (Q = 0.59, p = .44), or duration of time to follow-up session (Q =
1.80, p = .18).

Publication Bias

Publication bias was assessed for each of the composite and primary outcome analyses. Visual
inspection of the funnel plots did not show notable asymmetry, suggesting publication bias was unlikely
(see funnel plots for significant comparisons in Figure 4). For primary outcomes, Egger’s regression
analyses yielded non-significant p values (all ps > .05), confirming the meta-analyses were not
significantly affected by publication bias (Egger et al., 1997). For composite outcomes, Egger’s
regression analyses yielded non-significant p values (all ps > .10) for all analyses except the pre-exposure
to post-exposure subjective outcomes (p = .04). These results suggest all meta-analyses were not

significantly affected by publication bias except the pre-exposure to post-exposure subjective composite
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outcomes analysis. Rosenthal’s fail-safe N estimate was computed for the significant, subjective return of
fear primary outcomes analysis and the significant pre-exposure to follow-up behavioral primary
outcomes analysis. It was determined that 15 studies would need to be missing to reduce the observed
subjective effects to a negligible size and 8 studies would need to be missing to reduce the observed

behavioral effects to a negligible size.

Quantitative Review Conclusion

The aim of Part 1l of this review was to quantitatively assess the comparative efficacy of a
standard approach to exposure to one that emphasizes inhibitory retrieval strategies in exposure-based
interventions. The findings showed that the two exposure approaches did not significantly differ from one
another when examining composite outcome measures for subjective, behavioral, or physiological return
of fear. However, when examining the primary outcomes for each study, small, significant effects were
found for group differences in subjective return of fear and behavioral changes from pre-exposure to
follow-up. Specifically, conditions that incorporated an inhibitory retrieval strategy into exposure
reported less return of subjective fear from post-exposure to follow-up compared to standard exposure
intervention conditions, and experienced greater increases in behavioral approach from pre-exposure to
follow-up. In addition, trend level effects were found for group differences in behavioral return of fear,
such that inhibitory retrieval-based exposure conditions led to marginally smaller increases in behavioral
avoidance from post-exposure to follow-up when confronting familiar and novel stimuli. When available,
primary outcomes that included tests of generalizability of learning (e.g., tests where participants rated or
confronted novel stimuli) were used as the primary outcome, which bolsters confidence in the
generalizability of learning for an inhibitory retrieval-based approach to exposure.

The present meta-analytic review is the first study to quantitatively assess the comparative effects
of inhibitory retrieval-based exposure with standard exposure interventions and yields promising results
for primary outcomes that converge with the qualitative review in Part I. Consistent with prior qualitative
reviews (Craske et al., 2014, 2022), findings from the primary outcome analyses suggest that inhibitory

retrieval strategies effectively improve exposure interventions by reducing subjective return of fear and
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increasing behavioral approach. Whereas traditional approaches to exposure teach individuals that under
certain circumstances the association between a feared stimulus and negative consequence may not apply
(Vansteenwegen et al., 2006), inhibitory retrieval strategies may facilitate the strengthening of safety
(CS/no-US) associations to be more generalizable and resilient across contexts and time (Craske et al.,
2014; 2022). Findings from the present meta-analytic review support the notion that incorporating an
inhibitory retrieval strategy into exposure is a beneficial approach to increasing the generalizability of
learning and better sustains the benefits of exposure over time.

Interestingly, there were no significant effects on physiological outcomes for primary outcome
analyses, suggesting the two exposure approaches did not differ in changes on heart rate or skin
conductance measures. One explanation is that subjective and behavioral outcomes are more explicit
indicators of fear largely driven by participant response, whereas physiological markers are implicit
measures that rely less on conscious responses. Alternatively, it may be the case that there simply were
not enough physiological data responses included to detect meaningful differences. Indeed, subjective and
behavioral analyses included 47 and 22 total comparisons respectively, compared to 10 for physiological
analyses. As such, the physiological findings in the present meta-analytic review should be considered
preliminary in nature.

Study Limitations

Although the present qualitative and quantitative reviews represent an important step in
understanding the effects of inhibitory retrieval strategies on return of fear compared to standard exposure
approaches, several limitations must be considered. First for the qualitative review in Part I, means and
standard deviations were rarely reported for human fear conditioning studies, which precluded a meta-
analytic review. This is a common limitation of fear conditioning reviews (e.g., Duits et al., 2015) and
should be rectified as more data becomes publicly available through Open Science. For the meta-analytic
review in Part I1, the Failsafe N for the significant subjective and behavioral primary outcomes was less
than the number of final studies included in the meta-analysis. This not only suggests that the findings

should be considered tentative, but it also highlights a critical need for additional empirical studies.
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Another limitation for Part 11 is that the meta-analyses examined the overall effect of inhibitory
retrieval strategies on fear renewal. There are currently an insufficient number of studies examining
inhibitory retrieval strategies in exposure-based interventions, which precluded examination of specific
strategies. It may be the case that some inhibitory retrieval strategies are more effective than others, which
highlights the need for additional research in this area. Further, few studies to date have compared the
efficacy of specific inhibitory retrieval strategies to determine which strategies are most effective in
attenuating return of fear across multiple levels of analysis.

Future Directions for Translational Research

The addition of an inhibitory retrieval strategy into an exposure intervention significantly reduces
subjective return of fear and behavioral changes from pre-exposure to follow-up, as well as marginally
significantly reduces behavioral return of fear when examining primary outcomes. These effects show
promise for the utility of inhibitory retrieval strategies for augmenting learning during exposure therapy.
However, several important empirical questions remain.

First, are all inhibitory retrieval strategies created equal? Although it may be the case that inhibitory
retrieval strategies globally outperform standard exposure interventions, it is perhaps more likely that
some strategies are more efficacious for attenuating return of fear than others. Given that the meta-
analytic review in Part Il was underpowered to examine specific strategies, an important avenue for future
research will be to compare the efficacy of such strategies to determine which augmentation approaches
are most beneficial. In light of findings from the qualitative review in Part I, it may be advantageous to
start by comparing strategies identified as showing promise (e.g., occasional reinforcement, multiple-
context exposure) and/or strategies that have yet to be examined in the human fear conditioning literature
(e.g., affect labeling). Second, in addition to primary outcomes (e.g., expectancy violation, behavioral
approach), researchers must determine whether the benefits of inhibitory retrieval strategies can be
observed across other levels of analysis. For instance, might there be differences in the efficacy of
inhibitory retrieval strategies across implicit (e.g., psychophysiological, attentional) versus explicit

(subjective, behavioral) levels of analysis? Third, which exposure process mechanisms, if any, help to
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explain the beneficial effects of inhibitory retrieval strategies on fear renewal? Identification of such
process mechanisms could provide additional insight into how inhibitory retrieval strategies attenuate
return of fear. Finally, given that over half (58%) of the studies included in the quantitative review for
Part 11 consisted of analogue samples, researchers should determine whether these findings can be
replicated in clinical samples. Studies two, three, and four below were designed to address these

important empirical questions.
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CHAPTER Il1

Study 2: Benefits of the “Worst-Case Scenario:” A Multi-Level Examination of the Effects of

Confronting the Feared Outcome during Imagery-Based Exposure Therapy

Introduction

Anxiety-related disorders are among the most common mental health disorders and cause
significant impairment in individuals’ daily lives (APA, 2013; Moffitt et al., 2010). Fear conditioning,
which occurs as an individual learns to associate a previously neutral stimulus with an aversive,
unconditioned stimulus (US), has been a useful framework for understanding the development of anxiety-
related disorders. Such conditioning is often a mechanism for excessive fear and avoidance which can be
successfully extinguished when the feared stimulus is repeatedly presented in the absence of the aversive
stimulus (i.e., fear extinction; for a review, see Duits et al., 2015). Exposure therapy, which involves
repeated confrontation of feared stimuli or situations, is the translational equivalent to fear extinction and
is considered the first-line psychological treatment for anxiety-related disorders (Wolitzky-Taylor et al.,
2008).

The classic emotional processing theory (EPT) of exposure therapy posits that a fear structure
must first be activated, and individuals must habituate to feared stimuli within and between sessions for
exposure to be successful (Foa & Kozak, 1986). However, there has been a lack of consistent empirical
support for this theory (Craske et al., 2008). In fact, the theory often fails to account for the phenomenon
of fear renewal, the commonly observed resurgence of fear from post-exposure to follow-up (Rachman,
1979). Fear renewal (i.e., return of fear) often occurs after exposure therapy because the original threat
association not only remains intact and retrievable, but also more easily generalizes across context and
time (Stewart & Craske, 2020). A modern inhibitory retrieval model (Craske et al., 2022) suggests the
effectiveness of exposure therapy is predicated on new learning that occurs as an individual experiences
an expectancy violation, or a mismatch between what they predicted would happen (e.g., the snake will

bite me) and what actually occurs (e.g., the snake slithered away; Rescorla & Wagner, 1972). This
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expectancy violation is thought to facilitate the strengthening of a non-threat, inhibitory association that
competes with the original threat association in memory (Craske et al., 2008).

To address the high rates of fear renewal observed after exposure therapy (Craske & Mystkowski,
2006), researchers have proposed a series of inhibitory retrieval strategies to strengthen learning and
lessen fear renewal long-term (Craske et al., 2014; Craske et al., 2022). One example is conducting
exposure to multiple cues to increase the strength and diversity of safety associations in memory (Bjork &
Bjotk, 1992). Although conducting exposure to multiple cues has been shown to successfully reduce fear
researchers have begun investigating strategies for combining multiple-cue exposure with other inhibitory
retrieval strategies to maximize learning and further attenuate fear renewal. One such strategy is
occasional reinforcement, in which the aversive stimulus is intermittently presented during extinction.
From an inhibitory retrieval perspective, occasionally presenting the feared outcome during extinction
could enhance the salience of the feared stimulus, which then allows for a greater violation of expectancy
1980; Craske et al., 2014). In appetitive conditioning experiments, Bouton, Woods, and Pinefio (2004)
consistently found that rats who underwent a partial reinforcement procedure during extinction
experienced slower fear reacquisition compared to those who received non-reinforced extinction. Culver
and colleagues (2018) replicated these findings in a human fear conditioning study which showed that
although occasionally reinforced extinction (ORE) sustained arousal in the short term, participants who
received ORE showed greater protection against several types of fear renewal, compared to those who
received non-reinforced extinction. These findings suggest that occasional reinforcement may increase
acute fear responding but also importantly weaken return of conditioned fear.

Preliminary research with an analogue fearful sample has shown that introducing reminders of the
feared outcome into a multiple-cue, single-session exposure intervention resulted in lower self-reported
threat expectancy ratings and higher behavioral approach at a one-week follow-up (Jessup & Olatuniji,

2022). However, an important question remains: what is the process by which introducing reminders of
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the feared outcome during exposure therapy weakens the return of fear? Process variables that may
account for the effectiveness of exposure-based treatment differ in the extent to which they align with the
inhibitory retrieval model (e.qg., distress variability) versus the emotional processing theory (e.g., within-
and between-session habituation). Jessup and Olatunji (2022) show that variability in distress responding
during exposure is a significant mechanism that explains the benefits of introducing reminders of the
feared outcome during exposure on behavioral approach one-week later. Similarly, distress variability and
sustained arousal during exposure for public speaking anxiety have been shown to predict lower levels of
fear responding at follow-up (Culver et al., 2012). In fact, distress variability appears to be a better
predictor of attenuated fear renewal than other exposure process variables, including within-session
habituation (Jessup & Olatunji, 2022; Culver et al., 2012).

Although there is preliminary evidence that occasional reinforcement may be an effective
inhibitory retrieval strategy for reducing fear renewal, the assessment of outcomes in exposure-based
experimental psychopathology research has been limited to more explicit processes, such as self-reported
symptoms and behavioral approach. While these outcomes can successfully capture changes in learning
across time, they rely heavily on information that is accessible through declarative knowledge (Brown et
al., 2017). The use of more implicit outcome measures may provide additional insight into changes in
learning before and after an exposure intervention. Attentional bias for threat may be a particularly useful
implicit outcome measure. Indeed, there is an abundance of research showing that individuals with

anxiety disorders preferentially attend to threatening information (Bar-Haim et al., 2007; Cisler & Koster,

threatening stimuli for exposure to be successful (Craske et al., 2022; Foa & Kozak, 1986). Yet, it
remains unclear whether there are changes in attentional bias to threat as a result of exposure therapy.
Although new safety learning is believed to compete with preexisting fear associations during exposure
(Craske et al., 2008), no study to date has examined the extent to which this new safety learning is

reflected in a reduction in attention bias to threat.
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The present study examined the effects of confronting the feared outcome during a two-session
video exposure intervention in a clinically phobic sample, and incorporates both explicit (i.e., expectancy
violation, behavioral approach) and implicit (i.e., attention bias) measures to examine outcomes across
multiple levels of analysis. Consistent with the extant literature (e.g., Culver et al., 2018), it was
hypothesized that compared to single-cue and multiple-cue exposure groups, a multiple-cue + fear-
outcome group would experience decreased return of fear at a one-week follow-up, as measured by
subjective anxiety ratings, self-reported expectancy ratings, behavioral avoidance, and attention bias. It
was also hypothesized that the multiple-cue exposure alone group would experience less return of fear
than the single-cue exposure group at the one-week follow-up. Exploratory analyses were conducted to
examine which exposure process variable(s) significantly mediated the effects of exposure on the primary

outcomes.

Methods
Participants

Community adults were recruited through Research Match (Harris et al., 2012), a national health
volunteer registry supported by the U.S. National Institutes of Health and screened to assess eligibility.
Participants were considered eligible if they met diagnostic criteria for snake phobia on the Anxiety
44.03, SD = 13.76). The sample was 75.9% female (n = 82), and the racial and ethnic composition was as
follows: 70.4% White (n = 76), 14.8% Black or African American (n = 16), 12% Asian or Pacific Islander
(n=13), and 8.3% Hispanic or Latino (n =9).

Participants (N = 108) were randomly assigned to one of three groups: a single-cue exposure
group [S], n = 34, a multiple-cue exposure group [M], n =37, or a multiple-cue + fear-outcome exposure
group [M+FO], n =37 (see Figure 5 for CONSORT Flow Diagram). The three groups were compared
across a 3-session, 11-day period: pre-exposure (session 1; day 1), post-exposure (session 2; day 4), and
one-week follow-up (session 3, day 11).

Measures and Materials
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Self-Report Questionnaires

Beck Anxiety Inventory (BAIL; Beck & Steer, 1988). The BAl is a 21-item self-report measure
assessing common symptoms of anxiety. Items on the BAI are rated on a Likert scale from 0 (not at all)
to 3 (severely). The BAI demonstrated excellent internal consistency in the present sample (o = .95).
measure that assesses snake fear. Iltems on the FSQ are rated on a Likert scale from 0 (totally disagree) to
7 (totally agree). The FSQ demonstrated excellent internal consistency in the present study (o = .94).
Exposure Intervention

The video exposure intervention consisted of four 5-minute videos with 1-minute inter-trial
intervals. A total of four run orders were randomly determined using a random number generator to
counterbalance the presentation of videos in each condition. Participants in the M condition viewed four
novel snake videos for 5 minutes each, without interruption. Participants in the M+FO condition viewed
the same four novel snake videos for the first 2 minutes and 30 seconds. The video then automatically
switched to a 10-second video of a different snake biting someone, before returning to the original video
for the remaining 2 minutes and 20 seconds. Participants in the single-context condition viewed four 5-
minute videos of just one snake (i.e., the same snake video four times). Importantly, each exposure group
received the same length of video exposure (4 trials, 5 minutes each; 20 minutes of exposure for each of
two sessions).
Emotional Intensity

After each exposure session, a one-item self-report measure of emotional intensity was
administered to determine if the group differences could be attributed to the intensity of the exposure task
itself, rather than the reminder of the feared outcome. All participants were shown still images of the
snake videos viewed during exposure and were asked, “How emotionally intense did you find this
video?” Consistent with stimuli presented during exposure, the S group rated the emotional intensity of
the one snake video they viewed, and the M and M+FO groups rated the emotional intensity of the four

snake videos they viewed. The M+FO exposure group also rated the emotional intensity of the bite video.
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The average emotional intensity ratings for the videos were then averaged to yield a single emotional
intensity score for each participant.
Exposure Outcome Measures

Negative Expectancy. Prior to each exposure video, participants were shown a still image of the
video and asked, “to what extent do you expect this snake to bite someone?” Participants rated their
expectancy on a visual analogue scale that ranged from 0 (definitely not going to happen) to 100
(definitely going to happen). The same expectancy ratings were collected at post-exposure and a one-
week follow-up to examine changes in expectancy over time. At each time point, the four expectancy
ratings for the M and M+FO groups were averaged to yield a single expectancy score. Given that the S
group watched the same video four times, only the first expectancy rating was used.

Behavioral Approach Task (BAT). A computer-delivered BAT was administered to measure
visual avoidance of snakes (modeled after Jessup & Olatunji, 2022). The BAT consisted of 25 images and
videos presented in a hierarchical manner (i.e., progressively more threatening). To complete a step on the
BAT, a participant was asked to view the stimulus for 10 consecutive seconds and rate how anxious it
made them feel from 0 (not anxious at all) to 100 (the most anxious I've ever felt). The experimenter
recorded BAT scores as the highest step completed, which ranged from 0 to 25. Higher scores indicated
greater behavioral approach.

Attention Bias Task. The MouseView.js program is designed to mimic the visual system’s
peripheral blur and foveal clarity by enabling individuals to move a high-fidelity aperture on an obscured
field with their computer mouse (Anwyl-Irvine et al., 2021). MouseView.js tracks the movement of a
participant’s cursor on each image and records data for the cursor placement over time. These data
provide a measure analogous to fixation duration and dwell time presented in eye tracking research.
MouseView.js has been shown to be a highly reliable and valid alternative to eye-tracking in preferential-
looking experiments (Anwyl-Irvine et al., 2021). The MouseView.js task in the present study was
customized with an aperture size that was 5% of the screen with a Gaussian blurred edge and a blurred

overlay applied to the entire screen. This task was created in Gorilla Experiment Builder (Anwyl-Irvine et
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al., 2020) and was comprised of 20 images from the International Affective Picture System, including 5
snake, 5 pleasant, and 10 neutral images (Lang & Bradley, 2007). The affective images (i.e., snake,
pleasant) were randomly paired with a neutral image for a total of 10 unique trials. During each trial, two
images were presented side-by-side for 10 seconds. Each presentation was repeated four times each for a
total of 40 trials (20 pleasant-neutral trials, 20 snake-neutral trials). MouseView.js tracks and records the
duration of time participants spend attending to the images to capture proportion of time spent dwelling
on each image type.
Exposure Process Measures

Subjective Units of Distress Scale (SUDS) ratings were collected every 60 seconds throughout
the exposure videos. For each rating participants were asked to verbally report their current level of
distress on a scale of 0 (no distress) to 100 (the most distressed I've ever felt). This yielded a total of 24
distress ratings for each of the two exposure sessions.
Procedure

This study was approved by the Vanderbilt University Institutional Review Board. Participants
completed three Zoom sessions with a trained researcher. At the beginning of session one, participants
provided informed consent and completed self-report measures (e.g., BAIL, FSQ) via RedCap (Harris et
al., 2009). Participants were then sent a personalized link to complete the MouseView.js task on their
computer. Next, the experimenter guided participants through the BAT to assess baseline avoidance of
snakes. Consistent with Jessup and Olatunji (2022), a brief form of psychoeducation was given prior to
the first exposures session: “while it’s often scary to confront the things that scare us, research suggests
that repeated exposure is an effective strategy in reducing fear because we have the opportunity to learn
that our feared outcomes aren’t as likely or as severe as we think they might be.” Participants were then
randomized to one of the three conditions and the experimenter collected negative expectancy ratings
before and after each exposure video. Participants verbally reported their SUD ratings at the beginning of
each video and at one-minute intervals throughout exposure. After exposure, participants rated the

emotional intensity of each video. This marked the end of session one.
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Participants returned three days later to complete a second session of exposure. Similar to session
one, the exposure intervention consisted of watching four 5-minute videos and lasted 20 minutes total for
each group. Participants were asked to provide expectancy ratings before and after each video and provide
SUD ratings throughout the intervention. After the exposure task was completed, participants rated the
emotional intensity of each video. Participants then completed the same MouseView.js task and
behavioral approach task from session one to measure post-exposure visual attention to and avoidance of
snakes, respectively. Exactly one week later, participants returned for a final session, during which they
completed the same negative expectancy ratings asked pre- and post-exposure. Participants then
completed the same MouseView.js task and BAT to measure changes in attentional bias and avoidance
one week later. At the end of session three, participants were debriefed and compensated $40 for their
time.

Data Analytic Overview

Exposure Process Data. Consistent with prior research (Jessup & Olatunji, 2022; Culver et al.,
2012), exposure process variables were computed to summarize indices of fear during/ across each
exposure session: 1) distress variability: the standard deviation of SUD ratings across all four exposure
videos, 2) mean distress: average SUD ratings across all four exposure videos, 3) within-session
habituation (WSH): peak distress level (highest SUD level during the four exposure videos) subtracted by
the final distress level (final SUD rating during the fourth exposure video) and 4) between-session
habituation (BSH): initial SUD level during session 1, video one subtracted by initial SUD level during
session 2, video one. Each exposure process variable was averaged across sessions to yield one overall
score for distress variability, mean distress, WSH, and BSH for each participant.

Attention Bias Data. MouseView measures cursor placement and time duration for each trial.
Dwell time for each trial was operationalized as the proportion of time spent looking at (i.e., revealing
with cursor) the affective image compared to the total trial time. Average dwell times were computed for

each participant for all trials in which a snake was presented.
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Mediation Analyses. Mediation models were tested to examine the extent to which an exposure
process variable mediates the association between exposure condition and post-exposure outcomes.
Hayes’ (2022) guidelines for mediation analysis with a multicategorical antecedent were followed.
Indicator coding was used to retain the multicategorical nature of experimental condition, and the single-
cue exposure alone condition served as the reference group. Two dummy-coded variables (X; and X»)
were created and used for indicator coding. X, represented the comparison between the S and M groups,
and X, represented the comparison between the S and M+FO exposure groups. 95% bootstrap confidence
intervals were used to examine the significance of indirect effects. Bootstrapping procedures generate an
estimate of the relative indirect effect, as well as a 95% confidence interval. If zero is not included in the
confidence interval, one can reasonably conclude the relative indirect effect significantly differs from zero
and thus, the process variable significantly mediates the relationship between exposure condition and

follow-up outcome.

Results
Descriptive Statistics

As shown in Table 4, there were no significant differences in age, gender, race, and baseline BAI
anxiety among the three exposure conditions (all ps > .10). Similarly, there were no significant
differences between the three conditions on baseline FSQ snake fear (p > .10).

Differences in Emotional Intensity

A 2 (Time: Post-Exposure Session 1, Post-Exposure Session 2) x 3 (Condition: S, M, M+FO)
repeated measures ANOVA revealed a main effect of time, F'=53.72, p <.001, np*= .34, such that
ratings of emotional intensity decreased from session one to session two. Post-hoc tests of multiple
comparisons indicate that the S exposure group reported significantly lower levels of emotional intensity
compared to the M (p = .01) and M+FO exposure groups (p <.001). The M and M+FO groups did not
significantly differ from one another (p > .10).

Behavioral Exposure Outcomes
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Changes in Behavioral Approach. A 3 (Condition: S, M, M+FO) x 3 (Time: S1 pre-exposure, S2
post-exposure, S3 follow-up) repeated measures ANOV A was conducted to examine changes in the
number of BAT steps completed (see Figure 6, left). Results revealed a significant time by condition
interaction, F = 2.86, p = .04, np*>= .05. A main effect of time was then examined separately for the three
conditions. There was no significant main effect of time for the M or S conditions (ps > .10), indicating
that BAT scores remained stable during treatment. However, there was a significant main effect of time
for the M+FO condition, = 5.18, p = .01, np?= .13 indicating an increase in approach behavior. Further,
tests of multiple comparisons showed that individuals in the M+FO condition completed significantly
more BAT steps at follow-up than the M condition (p <.01) and the S condition (p = .03). The M and S
groups did not significantly differ from one another in number of BAT steps completed (p > .10).

Changes in Subjective Anxiety. A 3 (Condition: S, M, M+FO) x 3 (Time: S1 pre-exposure, S2
post-exposure, S3 follow-up) repeated measures ANOVA was conducted to examine changes in mean
anxiety ratings during the BAT (see Figure 6, right). There was a significant time by condition
interaction, F' = 2.85, p = .03, np?=.05. A main effect of time was then examined separately for the three
conditions. There was a significant main effect of time for the M group, F = 19.00, p < .001, np>= .35,
and the S group, F = 9.88, p <.001, np?= .23, suggesting a decline in anxiety for both groups. However, a
main effect of time was not observed in the M+FO group (p > .10) suggesting that anxiety remained
elevated for this group. Post-hoc tests of multiple comparisons also indicated a marginally significant
difference in subjective anxiety at follow-up for the M+FO and M groups (p = .06), such that the M+FO
group reported marginally higher anxiety than the M group at follow-up (Mean Difference = 9.99, SE =
5.20). There were no other significant differences between the groups (ps > .10).

Subjective Exposure Outcomes

Changes in Expectancy. A 3 (Condition: S, M, M+FO) x 3 (Time: S1 pre-exposure, S2 post-

exposure, S3 follow-up) repeated measures ANOVA was conducted to examine changes in expectancy

ratings (see Figure 7). Results revealed a significant main effect of time, F = 92.29, p < .001, np*= .47
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suggesting an overall decrease in threat expectancies. However, the predicted time by condition
interaction was not significant (p > .10).
Attentional Bias Outcomes

Differences in Pleasant and Snake Dwell Time Proportions. A paired-samples ¢-test showed
significant differences in dwell time proportion that is consistent with attentional avoidance of threat
images. Specifically, snake phobic participants spent significantly less time viewing snake images (M =
40, SD = .18) than pleasant images (M = .53, SD = .07) during pre-exposure, = 6.53, p <.001, d = -.60.

Group Differences in Snake Dwell Time Proportion. A one-way ANOVA revealed significant
group differences in average dwell time proportion for snake images, /"= 4.62, p = .01, such that the
M-+FO group spent significantly greater proportion of time viewing the snake images compared to the M
(p <.01) and S groups (p = .05) at pre-exposure. A 2 (Time: session 2 post-exposure, session 3 follow-up)
x 3 (Condition: M+FO, M, S) ANCOVA with pre-exposure dwell time entered as a covariate was
conducted to examine group differences at post-exposure and follow-up. Results revealed no significant
main effect of time and the predicted time by condition interaction was not significant (ps > .10). Figure 8
shows visual approach and avoidance patterns of threat versus pleasant images at post-exposure and
follow-up.
Associations Between Exposure Process Variables and Outcome Measures

Distress variability during exposure was not significantly correlated with any exposure outcome
measure (all ps > .10). Mean distress was significantly, positively correlated with average anxiety on the
BAT (r = .62, p <.001) and self-reported expectancy (» = .60, p <.001) at follow-up. Mean distress was
also significantly, negatively correlated with proportion dwell time of snake images at follow-up (» = -
.29), p = .004) and marginally significantly, negatively correlated with BAT steps completed at follow-up
(r=-.17, p = .08). Within-session habituation was significantly, negatively correlated with self-reported
expectancy at follow-up (» =-.21, p = .03), but no other outcome measures. Similarly, between-session
habituation was significantly, negatively correlated with self-reported expectancy at follow-up (r =-.30, p

=.002), but no other outcome measures.
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Group Differences in Exposure Process Measures

Figure 9 shows the subjective distress ratings for each group during exposure that were used to
examine the process variables. The M+FO group reported significantly greater variability in distress than
the M group (p = .02) and the S group (p = .03), and significantly greater within-session habituation than
the M group (p = .01), but not the S group (p > .10). Both the M+FO and M groups reported significantly
greater mean distress than the S group (ps <.001). There were no significant between-group differences
in between-session habituation (p > .10).
The Mediating Role of Distress Variability

A mediational model was conducted to determine the extent to which distress variability mediates
the relationship between exposure intervention condition and number of BAT steps completed at follow-
up. For X, a 95% bootstrap confidence interval revealed the true indirect effect for distress variability
was estimated to lie between -.56 and .84 (Effect=.07, SE=.32). Similarly, for X,, a 95% bootstrap
confidence interval revealed the relative indirect effect for mean distress was estimated to lie between -
1.70 and .03 (Effect=-.65, SE=.44). These 95% confidence intervals contain zero, and thus it cannot be
concluded that distress variability significantly mediates the relationship between exposure intervention
condition and number of BAT steps completed at follow-up. Examination of specific paths revealed non-
significant direct effects for X, (single-cue vs. multiple-cue exposure alone; ps > .05). However, the X
contrast (single-cue vs. multiple-cue + fear outcome exposure) exerted a significant direct effect on the
mediator, distress variability (X2: a =3.97, t=2.07, p = .04), 95% CI [.17, 7.77], and a significant direct
effect on number of BAT steps completed at follow-up (X2: ¢’ = 6.34, t =3.25, p =.002), 95% CI [2.47,
10.21]. The total effect for X, was also significant (¢ = 2.95, p = .004).
The Mediating Role of Mean Distress

A second mediational model was conducted to determine the extent to which mean distress
during exposure mediates the relationship between exposure condition and number of BAT steps
completed at follow-up. For X (single-cue vs. multiple-cue exposure), a 95% bootstrap confidence

interval revealed the relative indirect effect for mean distress was estimated to lie between -3.45 and -0.42

51



(Effect=-1.72, SE=.77). For X, (single-cue vs. multiple-cue + fear outcome exposure), a 95% bootstrap
confidence interval revealed the relative indirect effect for mean distress was estimated to lie between -
3.67 and -0.46 (Effect=-1.80, SE=.83). These 95% confidence intervals do not contain zero, and as
depicted in Figure 10 it can be concluded that mean distress significantly mediates the relationship
between exposure intervention condition and number of BAT steps completed at follow-up for each of the
two exposure condition comparisons. Effect size calculations estimating the ratio of the indirect effect of
X> to the relative total effect (Alwin & Hauser, 1975) indicate that when comparing the S and M+FO
groups, the relative indirect effect of mean distress accounts for 31.63% of the relative total effect

exposure intervention condition has on number of BAT steps completed at follow-up.

Discussion

Consistent with study hypotheses, the results showed that snake phobic individuals in the
multiple-cue + fear-outcome (M+FQO) condition significantly improved in behavioral approach over the
course of the intervention, whereas individuals in the M and S groups did not. Compared to the other two
groups, the M+FO condition also experienced weaker return of fear at follow-up as measured by a higher
number of BAT steps completed. These findings suggest that incorporating the principles of vicarious
occasional reinforcement into an imagery-based exposure paradigm may be an effective way to increase
learning and consequently sustain the benefits of exposure long-term. Importantly, the benefits of
incorporating reminders of the feared outcome were observed despite the fact that the total duration of
video exposure was the same for all three groups and the groups did not significantly differ in the
perceived emotional intensity of the exposure. This suggests that group differences in behavioral
approach cannot simply be attributed to the duration or intensity of the manipulation itself.

The behavioral findings of the present study complement prior research that has highlighted the

shown that incorporating occasional reinforcement into extinction increases acute distress but protects
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Culver et al., 2018). It has been suggested that paired CS/US trials become a part of the context in which
the original fear association is learned, and that occasional reinforcement during extinction eliminates this
context effect as individuals learn the presentation of the US does not necessarily predict the presentation
observing a snake bite during exposure may not signal that a different snake will bite someone. In the
absence of this effect, it may be easier for individuals to retrieve the inhibitory association rather than the
original fear association, leading to attenuated return of fear and increased behavioral approach.

Although all three groups declined in their self-reported expectancy of a snake bite over time,
there were no significant group differences in expectancy ratings at follow-up. One potential explanation
for this is the predictable presentation of reminders of the feared outcome in the present study (i.e.,
midway through each exposure video). Fear conditioning paradigms often present CS/US pairings in an
unpredictable manner during extinction (e.g., Culver et al., 2018), which could facilitate greater
“surprise” (i.e., violation of expectancy). Given that the presentation of the bite stimulus was not random,
it may have prevented some learning (i.e., less expectancy violation). Future studies should randomly
present reminders of the feared outcome during exposure to assess the degree to which this increases
violation of expectancy. That being said, it is notable that introducing a video of a snake bite did not
increase an individual’s expectancy of a different snake biting someone, which may suggest that
individuals are able to tolerate aversive events during exposure while still challenging negative
predictions.

It is important to note that self-reported BAT anxiety in the M+FO group did not significantly
decline over time. In fact, the M+FO group reported marginally higher anxiety during the BAT at follow-
up compared to the M group. In contrast, M and S groups reported significant decreases in BAT anxiety,
but significant increases in approach behavior were not observed. Together these findings suggest that
even though the M+FO group reported comparable threat expectancy ratings and experienced sustained

anxiety levels compared to the other groups, the M+FO group was more willing to behaviorally approach
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feared stimuli. These findings reflect functional improvement one week after imagery-based exposure
(i.e., less visual avoidance despite sustained anxiety at follow-up), and consistent with prior research
(Culver et al., 2018), may indicate that occasional reinforcement facilitates an increased tolerance of
distress. Indeed, Culver and colleagues (2018) have suggested that experiencing aversive events in
extinction may help individuals “toughen up” in a way that better equips them to cope with emotions
during a re-test period. These findings also suggest that anxiety reduction may not be required during an
exposure manipulation for more adaptive approach behaviors to be observed.

An important aim of the present study was to examine exposure outcomes across multiple levels
of analysis. Although attentional bias for threat has been implicated in anxiety-related disorders (Bar-
Haim et al., 2007; Cisler & Koster, 2010), the effects of exposure-based interventions on attentional bias
remain unclear. At pre-exposure, phobic individuals viewed snake images significantly less than pleasant
images, which aligns with prior research showing individuals with specific phobias exhibit sustained
attentional bias away from threat (Armstrong & Olatunji, 2012; Aue et al., 2013). Contrary to study
hypotheses, however, there were no significant group differences at follow-up in the proportion of time
spent viewing snake images. These findings suggest that the presentation of reminders of the feared
outcome during imagery-based exposure may not influence attentional biases for threat despite changes in
behavioral approach. Sustained avoidance of threat-related images may prevent an individual from fully
engaging with and learning from disconfirmatory information that is critical for exposure success. Given
other approaches such as attention bias modification have not been consistently successful in reducing
anxiety (Mogg et al., 2017), an important area of future research will be to examine ways to reduce
excessive attentional avoidance of threat during exposure therapy.

In addition to examining exposure outcomes across multiple levels of analysis, another important
question is how vicarious occasional reinforcement may work to strengthen inhibitory retrieval and
weaken return of fear. Although the exact mechanism remains unknown, it is notable that the M+FO
condition reported significantly greater distress variability than the M and S groups. This finding is

consistent with those of Jessup and Olatunji (2022) who also found that introducing reminders of the
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feared outcome during video exposure resulted in greater distress variability than a multiple-cue exposure
alone condition. Similarly, physiological fear responding remained elevated in an occasionally reinforced
extinction group compared to a non-reinforced group (Culver et al., 2018). Consistent with these findings,
the M+FO and M conditions also reported significantly greater mean distress than the S group. Further,
the M+FO group reported significantly greater within-session habituation than the M group and there
were no significant group differences in between-session habituation.

In the present study, higher mean distress experienced during exposure significantly mediated the
relationship between exposure condition and increased behavioral approach at follow-up when comparing
the S condition to the M and M+FO conditions. In fact, mean distress accounted for approximately one
third (32%) of the relative total effect. These findings suggest that in addition to mean distress, there may
be other processes that function as mechanisms by which the M+FO condition has desirable effects above
and beyond the M condition. Although the mediation effect for distress variability did not reach statistical
significance in the present study (p = .10), this mechanism may be worth pursuing in future research
given it has been shown to be a better predictor of attenuated fear renewal than other processes in prior
research (Jessup & Olatunji, 2022; Culver et al., 2012). Given the mediated effects of higher mean
distress, it is important to note that these findings appear to contrast clinician fears that patients will not
be able to tolerate the distress elicited by exposure or that aversive events during exposure could make
their patients worse (Olatunji et al., 2009). Another misguided clinician concern is that exposure will be
“too hard” for their patients. However, results from the present study suggest the opposite; that those who
experience the highest level of distress during exposure are also those who seem to benefit the most.

The present investigation supports introducing reminders of the feared outcome into exposure to
attenuate behavioral return of fear and promote greater tolerance of distress. These findings also provide
further empirical support for the utility of desirable difficulties during the learning process. Reminders of
the feared outcome during exposure may be “difficult” in that they introduce added challenges into
exposure trials and often slow the rate of fear reduction. However, such experiences are also “desirable”

in that they maximize long-term learning by introducing unexpected, real-world challenges that promote
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fear tolerance (Craske et al., 2008) and strengthen the retrieval of newly learned information (Bjork,
1994). When aversive events occur during exposure, patients have the opportunity to practice managing
distress rather than viewing it as a failure (Jacoby & Abramowitz, 2016).

An important consideration in the present study is the use of a vicarious occasional reinforcement
manipulation, where participants were not experiencing a snake bite themselves, but rather were
observing another individual getting bit by a snake. Findings from the present study suggest that vicarious
occasional reinforcement may be a beneficial strategy for attenuating return of fear should it be unethical
to conduct direct occasional reinforcement (e.g., having a snake bite a participant with ophidiophaobia,
reintroducing trauma for a participant with PTSD). On the other hand, vicarious occasional reinforcement
may be less useful for situations in which direct occasional reinforcement is ethically permissible. For
instance, it may be more beneficial for a socially anxious participant to experience social rejection
themselves given that social rejection is an inevitable aspect of life. An important area for future research
will be to ethically examine the effects of direct occasional reinforcement during exposure and how such
effects compare to those of vicarious occasional reinforcement in in-vivo settings.

Although this study provides preliminary evidence that incorporating occasional reminders of the
feared outcome into imaged-based exposure may be an effective strategy for increasing learning and
attenuating return of fear, findings from the present study must be interpreted in the context of study
limitations. One important limitation is that the study manipulation consisted of brief exposure videos for
snake phobia which may not generalize to other forms of exposure (e.g., in-vivo). Nonetheless, it is
important to note that prior research on specific phobias has shown that exposure to images and videos
alone is sufficient to decrease anxiety-related symptoms (Ost et al., 1991), which bolsters confidence in
the present findings. Further, although the present study demonstrated that occasional reinforcement was
more effective than multiple-cue and single-cue exposure alone, it remains unclear how incorporating the
principles of occasional reinforcement into an exposure intervention compares to other inhibitory learning
strategies. For instance, it will be helpful to determine whether occasional reinforcement outperforms

strategies such as affect labeling that have shown promise, but have been understudied, in the extant
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literature. This will be especially important in determining which inhibitory learning strategies should be
prioritized in clinical practice. Future research addressing these study limitations may bolster confidence
in introducing reminders of the feared outcome during exposure as an optimal approach to attenuating the

return of fear in anxiety-related disorders.
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CHAPTER IV

Study 3: Seeing the Worst or Saying the Words? A Multi-Level Comparison of Occasional

Reinforcement and Affect Labeling Strategies to Augment Imagery-Based Exposure Therapy

Introduction

The inhibitory retrieval theory (Craske et al., 2008) postulates that expectancy violations yield
new inhibitory (i.e., safety) learning that competes with the existing fear association in memory. Given
that the original fear association is more easily retrieved across contexts and time, fear often returns after
exposure therapy (Craske & Mystkowski, 2006). Accordingly, Craske and colleagues (2014, 2022) have
identified inhibitory retrieval strategies that may enhance expectancy violation and attenuate return of
fear. Study 2 suggests that intermittently reinforcing the fear association throughout exposure therapy
may attenuate the return of fear. When the aversive outcome is intermittently reinforced, the original fear
association may be especially salient, thus facilitating a greater expectancy violation when the feared
stimulus is subsequently presented in the absence of the aversive event (Craske et al., 2014; Pearce &
Hall, 1980). In a human fear conditioning paradigm that paired neutral faces (CS) with a shock (US),
extinction procedures that involved partial reinforcement (i.e., occasional shocks during extinction)
resulted in elevated physiological fear responding, but also protected against subjective and physiological
return of fear through tests of spontaneous recovery and rapid reacquisition, respectively (Culver et al.,
2018). Similarly, Thompson et al. (2018) showed that both paired and unpaired presentations of the
unconditioned stimulus (a shock) eliminated spontaneous recovery of differential skin conductance
responses in an extinction paradigm. Given that extant human fear conditioning research has shown
promising effects of occasional reinforcement, this strategy may be an effective approach for maximizing
the effectiveness of exposure therapy. However, experimental approaches that allow for repeated
exposure to one’s feared outcome in vivo, especially in instances of specific phobias or trauma (Craske et

al., 2014), have been difficult to implement.
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One approach that may allow for examining the effects of occasional reinforcement in exposure
therapy is to leverage imagery-based (e.g., video) exposure paradigms in translational research.
Treatment-analogue experiments have used this approach to show that the use of multiple contexts during
exposure might improve its generalizability (Vansteenwegen et al., 2007). In a recent treatment-analogue
experiment examining occasional reinforcement, Jessup and Olatunji (2022) randomized snake-fearful
individuals to a video exposure manipulation that was intermittently interrupted by a different video of a
snake biting someone. Compared to a multiple-cue, video-based exposure alone condition (i.e., videos of
different individuals handling different snakes), the multiple-cue exposure condition that also involved
reminders of the feared outcome resulted in lower self-reported negative expectancy ratings and higher
behavioral approach one week later (Jessup & Olatunji, 2022). Similar to Study 2, these findings suggest
that occasional reinforcement, especially in tandem with exposure to multiple cues, may facilitate greater
learning and lower return of fear. However, it remains unclear how well occasional reinforcement
performs in comparison to other inhibitory retrieval strategies.

Affect labeling, or putting one’s feelings into words, is another strategy through which exposure
may facilitate greater learning and attenuate return of fear (Craske et al., 2014). Affect labeling has been
shown to activate executive functioning areas of the cortex that reduce amygdala activity and attenuate
anxious responding (Lieberman et al., 2007). In a within-subjects design, repeated exposure to fear-
relevant pictures plus affective labels led to greater attenuation of physiological fear renewal in spider-
fearful participants compared to exposure alone (Tabibnia et al., 2008). Results during a re-test with novel
stimuli were strongest when affect labeling included negatively labeled words (e.g., war), compared to
neutral labels (Tabibnia et al., 2008), suggesting that labeling negative words may be especially beneficial
in promoting generalization of learning. Kircanski and colleagues (2012) expanded upon these findings
with a between-subjects design examining affect labeling with fear-relevant, negative words among
spider phobic individuals. The findings showed that compared to an exposure alone group, the affect
labeling group demonstrated reduced skin conductance responses during a test of generalization. Niles

and colleagues (2015) also examined whether affect labeling would enhance the effectiveness of exposure
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for public speaking anxiety and more explicitly examined this strategy in relation to feared outcomes. As
part of speech exposure exercises, participants were instructed to complete the sentence “I feel | the
audience will  ” with words and feared outcomes provided during the task. Compared to a control
condition, participants in the affect labeling condition showed steeper decreases in heart rate and skin
conductance responses from post-exposure to follow-up (Niles et al., 2015). Together, these findings
suggest affect labeling may be an advantageous supplement to exposure therapy that weakens return of
fear. However, the extent to which affect labeling changes negative expectancies, which are a core facet
of inhibitory learning (Craske et al., 2008) and other relevant processes known to maintain anxiety
disorders (e.g., behavioral avoidance, attention bias) remains unclear. It is also unclear how affect
labeling compares to other inhibitory retrieval strategies with regards to attenuating return of fear.

In addition to determining which inhibitory retrieval strategies most effectively attenuate fear
renewal, it is also necessary to understand potential mechanisms of change. As Craske and colleagues
(2008) have acknowledged, exposure process mechanisms proposed by the classic emotional processing
theory (e.g., habituation; Foa & Kozak, 1986) lack consistent empirical support. Instead, processes that
promote increased tolerance of distress may help to facilitate greater learning (Craske et al., 2008). For
instance, sustained levels of distress and greater fluctuations in distress responding during exposure have
shown promising preliminary evidence in predicting better outcomes (Culver et al., 2012). In fact, Jessup
and Olatunji (2022) identified variability in distress responding during exposure as a mechanism through
which the effects of occasional reinforcement attenuate return of fear. Similarly, conditioning studies
have shown occasional reinforcement sustains higher mean distress levels during exposure which then
predicts better treatment outcomes (Culver et al., 2018). However, it remains unclear whether these
process variables are specific mechanisms for occasional reinforcement or if they also help to explain the
effects of other inhibitory retrieval strategies.

The present study sought to examine the comparative effects of confronting the feared outcome
versus labeling one’s affective experience during a two-session imagery-based exposure manipulation for

those with snake phobia. To address prior gaps in the literature, the present study incorporated subjective,
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behavioral, and attentional measures to examine exposure outcomes across multiple levels of analysis.
The present study also obtained distress ratings throughout exposure to examine different process
variables that may function as mechanisms of change. Consistent with the extant literature on the efficacy
of inhibitory retrieval strategies (Jessup & Olatunji, 2022; Kircanski et al., 2012), it was hypothesized that
multiple-cue exposure conditions that incorporated affect labeling or reminders of the feared outcome
would experience significantly weakened return of fear at a one-week follow-up compared to the single-
cue exposure condition. Furthermore, it was predicted that snake phobic participants randomly assigned
to affect labeling or occasional reinforcement would not significantly differ in return of fear at follow-up.
Exploratory analyses were also conducted to examine potential group differences on exposure process

variables (i.e., habituation, mean distress, distress variability) that may be related to treatment outcome.

Methods
Design

Participants (N = 136) with a diagnosis of snake phobia were randomly assigned to one of three
experimental conditions: a multiple-cue + fear-outcome exposure group [FO], n = 46, a multiple-cue +
affect labeling exposure group [AL], n = 38, or a single-cue exposure group [S], n = 53. The three
conditions were compared across a three-session, 11-day period: pre-exposure (session 1, day 1), post-
exposure (session 2, day 4), and one-week follow-up (session 3, day 11).

Participants

Adults were recruited from across the United States using ResearchMatch, a national health
volunteer registry supported by the U.S. National Institutes of Health, and from the local community
using a university-sponsored mass distribution email listserv. Interested individuals were contacted via
email and completed a phone screen to assess for eligibility. During the phone screen, the Anxiety
Disorders Interview Schedule for DSM-5 (Brown & Barlow, 2014) was administered to assess for clinical
diagnosis of snake phobia. Participants were considered eligible if they met DSM-5 criteria for snake
phobia, had a working computer with high-speed internet, and did not endorse current psychotic disorder,

pervasive developmental disorder, bipolar disorder, or blindness. The final sample (see Figure 11,
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CONSORT flow diagram) consisted of participants from 19 states, the majority of whom were from
Tennessee (45.1%; n = 73), lllinois (12.3%; n = 20), or Texas (11.1%; n = 18). The majority of the
sample was female (n = 95; 69.3%) and White (n = 72, 52.6%), and the mean age of participants was
36.63 (SD = 12.85; range = 19-66).

Measures and Materials

Fear of Snakes Questionnaire (FSQ; Milosevic & Radomsky, 2008; Olatunji et al., 2017). The
FSQ is an 18-item measure assessing snake phobia. Participants rated items on a Likert scale from 0
(totally disagree) to 7 (totally agree), and scores range from 0 to 126. The FSQ demonstrated good
internal consistency in the present study (o = .89).

Beck Anxiety Inventory (BAI; Beck & Steer, 1990). The BAI is a 21-item measure assessing
common symptoms of anxiety. Items are rated on a Likert scale ranging from 0 (not at all) to 3 (severely).
The BAI demonstrated excellent internal consistency in the present sample (o = .95).

Exposure Task

Prior to completing the assigned exposure task, participants were given the following brief form
of psychoeducation: “while it’s often scary to confront the things that scare us, research suggests repeated
exposure is an effective strategy in reducing fear because we have the opportunity to learn that our feared
outcomes aren’t as likely or as severe as we think they might be.” The exposure task consisted of four 5-
minute videos of snakes with 1-minute inter-trial intervals. Four run orders were determined using a
random number generator to counterbalance the sequence of the exposure videos within each condition.
Participants in the S condition viewed the same five-minute snake video four times. Participants in the FO
condition viewed four novel 5-minute snhake videos (i.e., 4 different snakes) that were each interrupted
halfway through with a 10-second clip of a different snake biting someone. Participants in the AL
condition watched the same four, 5-minute snake videos as the FO condition, but each video was paused
three times for 10 seconds. During the paused video and consistent with procedures from Niles et al.
(2015), participants were shown a still image of the snake and asked to complete the sentence: “I feel

. I think the snake will .” Participants were given examples for each response on the
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video screen and were told they could pick a word off the list or generate a new word that best captured
their emotion and feared outcome in the moment. For emotions, examples provided included distressed,
scared, afraid, anxious, disgusted, and nervous. For the feared outcome, examples provided included
lunge, bite, slither, pounce, jump, move. All three exposure conditions received exactly twenty minutes of
exposure per session.

After each exposure task, participants were asked to rate how emotionally intense they found
each video on a scale of 0 (not intense at all) to 100 (the most intensity | have ever felt). The videos were
consistent with stimuli presented during exposure, such that the S group rated the intensity of the one
snake video they saw, the AL group rated the intensity of the four snake videos they saw, and the FO
group rated the intensity of the four snake videos plus the bite video. For each group, ratings were
averaged to yield a single emotional intensity score for each session of exposure.

Primary Outcome Measures

Negative Expectancy Ratings. Prior to each exposure video, participants were presented with a
still image of the video and asked, “to what extent do you expect this snake to bite someone?”
Participants rated their negative expectancy using a visual analogue scale that ranged from 0 (definitely
not going to happen) to 100 (definitely going to happen). The same negative expectancy question was
asked immediately following each video and at follow-up to measure changes in negative expectancy. At
each stage of exposure (session 1 pre-/post-exposure, session 2 pre-/post-exposure, session 3 follow-up),
the four negative expectancy ratings for the FO and AL groups were averaged to yield a single
expectancy score. Since the S group watched the same video four times, only the first negative
expectancy rating at each time point was used.

Behavioral Avoidance Task (BAT). A computer-delivered BAT modeled after prior BATs
(Jessup & Olatunji, 2022; Meng et al., 2004) was administered to measure visual avoidance of snakes.
The BAT consisted of 25 images and videos presented in a hierarchical manner, such that each stimulus

was more threatening than the previous. To successfully complete a step on the BAT, participants were
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asked to view the stimulus for 10 consecutive seconds. The experimenter recorded BAT scores as the
highest step completed, which ranged from 0 to 25. Higher scores indicated greater behavioral approach.

Attention Bias Task (MouseView.js; Anwyl-Irvine et al., 2021). Attention bias was assessed by
comparing the time spent attending to fear-relevant (snake) images versus pleasant images using
MouseView.js over time. Mouseview.js is a program designed to mimic the visual system’s peripheral
blur and foveal clarity by enabling participants to move a high-fidelity aperture around an obscured field
with their computer mouse. MouseView.js tracks and records the movement of a participant’s cursor and
cursor placement on each image over time. These data provide a measure analogous to fixation duration
and dwell time presented in eye tracking research (Anwyl-Irvine et al., 2021). Anwyl-Irvine and
colleagues (2021) have shown that MouseView.js is a highly reliable and valid alternative to eye-tracking
in preferential-looking experiments. In the present study, MouseView.js was customized with an aperture
size that was 5% of the screen with a Gaussian blurred edge and a blurred overlay applied to the full
screen. The MouseView.|s task for the present study was created in Gorilla Experiment Builder (Anwyl-
Irvine et al., 2020) and consisted of 20 images (5 snake, 5 pleasant, 10 neutral) from the International
Affective Picture System (Lang & Bradley, 2007). The affective images were randomly paired with a
neutral image for a total of 10 unique trials. During each trial, two images were presented side-by-side for
10 seconds. The task consisted of total 40 trials, such that each presentation was repeated four times and
yielded a total of 20 pleasant-neutral trials and 20 snake-neutral trials. The program tracks and records the
duration of time participants spent attending to images to capture the proportion of time spent dwelling on
each image type. This MouseView.js task has been previously validated in a clinical sample and showed
that snake phobic participants exhibit significantly shorter dwell time on threat images than non-phobic
individuals (Woronko et al., 2023).
Exposure Process Measures

Consistent with prior research (Culver et al., 2012; Jessup & Olatunji, 2022), Subjective Units of
Distress Scores (SUDS) were collected every 60 seconds throughout each exposure video. At each time

point, participants were asked to verbally report their current distress level on a scale of 0 (no distress) to
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100 (most distressed I've ever felt). These ratings yielded a total of 24 SUDS during each exposure
session, which were used to calculate exposure process measures. In line with previous research (Culver
etal., 2012; Jessup & Olatunji, 2022), exposure process measures were computed as follows: 1) within-
session habituation (WSH): highest SUD level during the exposure videos minus the final SUD level
during the fourth exposure video, 2) between-session habituation (BSH): initial SUD level during the first
exposure video in session 1 minus initial SUD level during the first exposure video in session 2, 3) mean
distress: average SUD level across all exposure videos, and 4) distress variability: standard deviation of
SUD ratings across all exposure videos. WSH, mean distress, and distress variability were averaged
across sessions 1 and 2 to yield a single score for each process measure.

Procedure

The Vanderbilt University Institutional Review Board approved all aspects of the study. The
study consisted of two sessions held on a secure Zoom call with a trained researcher. After providing
informed consent, participants completed the FSQ and BAI via REDCap (Harris et al., 2009). The
researcher then guided them through the BAT to assess baseline snake avoidance. Next, participants were
sent a personalized link to complete the pre-exposure MouseView.js task on their computer. After
completing the MouseView.js task, participants received the brief form of psychoeducation and an
overview of the exposure task, including familiarization with the 0-100 SUD and negative expectancy
scales. Participants then completed their randomly assigned exposure manipulation.

Participants returned three days later to complete the same exposure manipulation. Like session
one, the exposure task consisted of four exposure videos of snakes that lasted 5 minutes each. Participants
were asked to provide negative expectancy ratings before and after each video and reported their SUD
ratings every 60 seconds. After the exposure task, participants rated the emotional intensity of each video
on a scale of 0 (not intense at all) to 100 (the most intensity I’ve ever experienced). Participants then
completed the same MouseView.js task and BAT to measure changes in visual attention and avoidance of

snakes, respectively. One week later, participants returned to complete the same negative expectancy
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ratings, MouseView.js, and behavioral avoidance tasks. At the end of session three, participants were

debriefed and compensated $40.

Results

Descriptive Statistics

Chi square and Univariate Analysis of Variance (ANOVA) tests were conducted to examine
baseline differences between the experimental groups on demographic variables and baseline self-report
guestionnaires. There were no significant differences between the groups on any demographic variable
(see Table 5).
Differences in Emotional Intensity

One-way ANOVAs were conducted to compare group differences in mean emotional intensity
ratings following each exposure session. There were significant group differences in emotional intensity
ratings following the first, F(2,143) = 9.81, p <.001, and second exposure sessions, F(2,136) = 6.64, p =
.002, such that the FO and AL groups reported the videos were significantly more intense than the S
group (ps < .01). The FO and AL groups did not differ from one another in emotional intensity ratings
following either exposure session (ps > .10).
Changes in Negative Expectancy

A 3 (Condition: FO, AL, S) x 5 (Time: session 1 pre-exposure, session 1 post-exposure, session 2
pre-exposure, session 2 post-exposure, follow-up) repeated measures ANOVA was conducted to examine
changes in negative expectancy. As depicted in Figure 12, there was a significant main effect of time, F =
50.70, p < .001, np?= .28 suggesting an overall decrease in threat expectancies, and a significant time by
condition interaction, F = 3.40, p = .004, np? = .05. Post-hoc tests revealed that the S group reported
marginally significantly lower negative expectancy ratings at session 2 pre-exposure (p = .06), session 2
post-exposure (p = .08) and session 3 follow-up (p = .06) than the AL group. There were no other
significant differences among groups (ps > .10).

Changes in Behavioral Avoidance
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A 3 (Condition: FO, AL, S) x 3 (Time: pre-exposure, post-exposure, follow-up) repeated
measures ANOVA was conducted to examine changes in the number of BAT steps completed (See
Figure 2). Results revealed a marginally significant main effect of time, ' =2.72, p=.07, np’= .04, and a
significant time by condition interaction, F = 3.24, p = .01, np*>= .05. LSD post-hoc tests of multiple
comparisons showed that individuals in the FO and S conditions completed significantly more BAT steps
at session 2 post-exposure than individuals in the AL condition (ps = .01 and .02, respectively). Further,
individuals in the FO condition completed significantly more BAT steps at follow-up compared to the AL
condition (p = .036), but the S and AL conditions did not differ from each other (p = .16).

Attentional Bias Outcomes

Differences in Pleasant and Snake Dwell Time Proportions. A paired-samples t-test showed
that participants spent significantly less time viewing snake images (M = .42, SD =.18) than pleasant
images (M = .55, SD = .07) during pre-exposure, t =-6.78, p < .001, d = -.62. These differences in dwell
time proportion are consistent with an attentional avoidance of threatening stimuli.

Changes in Visual Attention. A 3 (Condition: FO, AL, S) x 3 (Time: pre-exposure, post-
exposure, follow-up) repeated measures ANOVA was conducted to examine changes in the proportion of
time spent attending to snake images. Results revealed no significant main effect of time (p = .45) and the
predicted time by condition interaction was not significant (p = .15). Figure 14 depicts visual approach
and avoidance patterns to snake versus pleasant images at pre-exposure, post-exposure, and follow-up.
Group Differences in Exposure Process Measures

Figure 15 depicts the subjective distress ratings for each group during exposure that were used to
examine exposure process variables. The FO group reported significantly greater within-session
habituation than the AL group (p = .006) and the S group (p =.013), and there was not a significant
difference between the AL and S groups (p = .62). The S group reported significantly greater between-
session habituation than the AL group (p =.02), but no other group differences were significant (ps >
.10). The FO group reported significantly greater distress variability than the AL group (p = .001) and the

S group (p <.001), but the AL and S groups did not significantly differ from one another (p = .90).
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Finally, the FO and AL groups reported significantly greater mean distress than the S group (ps = .002
and .001, respectively), but did not significantly differ from one another (p = .75).
Associations Between Exposure Process Variables and Outcome Measures

Within-session habituation across the three conditions was not significantly correlated with any
outcome measures (ps > .10). Between-session habituation was significantly correlated with only follow-
up expectancy ratings (r = -.244, p = .004). Distress variability was significantly associated with only
visual attention (i.e., dwell proportion) at follow-up (r = -.22, p = .01). Lastly, mean distress was
significantly correlated with follow-up expectancy ratings (r = .69, p <.001) and follow-up BAT steps
completed (r = -.24, p = .004).
Exploring the Mediating Role of Exposure Process Mechanisms

Prior research suggests that variability in distress responding during exposure is a central
mechanism through which occasional reinforcement attenuates the return of fear (Jessup & Olatunji,
2022) and may be a better predictor of outcome than within-session habituation (Culver et al., 2012).
Given significant group differences between the FO and AL groups on distress variability, within-session
habituation, and avoidance at follow-up, an exploratory mediational model was conducted to determine
the extent to which distress variability and within-session habituation mediate the relationship between
exposure condition and number of BAT steps completed at follow-up. A 95% bootstrap confidence
interval revealed the true indirect effect for distress variability was estimated to lie between .59 and 7.72
(Effect = 3.63, SE = 1.84), and that the true indirect effect for within-session habituation was estimated to
lie between -6.98 and -.76 (Effect = -3.14, SE = 1.60). Because these 95% confidence intervals do not
contain zero, it can be concluded that distress variability and within-session habituation significantly
mediate the relationship between exposure condition (FO vs. AL) and BAT steps completed at follow-up
(Figure 16).

Discussion
The primary aim of the present study was to examine the comparative efficacy of two inhibitory

retrieval strategies, occasional reinforcement and affect labeling (AL), in augmenting exposure therapy to
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reduce the return of fear. Results of this treatment-analogue experiment indicated that participants in the
three exposure conditions experienced declines in negative expectancy ratings over the course of
exposure, suggesting that exposure was effective in reducing the perceived likelihood of a snake biting
someone for participants with snake phobia. Furthermore, the occasional reinforcement (FO) group did
not differ from the S group in negative expectancy ratings over the course of the exposure intervention
and one week later. This is perhaps surprising given that the FO group was exposed to a snake bite and
provided expectancy ratings for four different snakes. In contrast, the S group viewed and provided
negative expectancy ratings for just one snake. This finding suggests that an exposure intervention that
explicitly incorporates confronting the feared outcome does not necessarily increase expectancies of that
outcome compared to an exposure alone intervention. Although this may in part reflect a generalization of
learning to multiple cues in the FO condition, additional research (e.g., follow up tests to novel stimuli) is
needed before definitive inferences can be made.

The present study did observe a general pattern where snake phobic participants in the AL
exposure condition reported marginally higher negative expectancy ratings than the S exposure group
after the exposure intervention and at the one-week follow-up, though this difference did not reach
statistical significance. When considering differences between inhibitory retrieval strategies, this finding
raises the possibility that in contrast to an exposure intervention with occasional reinforcement, AL may
increase expectancies of feared outcomes compared to an exposure alone intervention. To the extent to
which AL during exposure therapy may result in more desirable outcomes, the present findings suggest
that it is unlikely that those effects are achieved by decreasing threat expectancy outcomes. This is
perhaps not surprising given that research has shown that individuals do not expect AL to be helpful for
downregulating negative emotions that are often evoked by heightened threat expectancies (Lieberman et
al., 2011). In fact, some predict AL will make their distress worse, not better (Lieberman et al., 2011).

Examination of behavioral outcomes in the present study showed that individuals in the FO
condition completed significantly more BAT steps at session 2 post-exposure and the one-week follow-up

than individuals in the AL condition, but did not significantly differ from the S condition. The finding that
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snake phobic participants in the occasional reinforcement condition did not outperform those in the
exposure alone condition is contrary to predictions and also contradicts the recent findings by Jessup and
Olatunji (2022), which suggested that introducing reminders of the feared outcome into exposure leads to
significant increases in behavioral approach. However, given that snake phobic participants in the FO
condition completed 21 out of 25 steps at pre-exposure, the present results may be partially constrained
by baseline ceiling effects on the BAT. Thus, future studies should investigate whether in-vivo BATS can
potentially reduce pre-treatment ceiling effects that will allow for more sensitivity to detect predicted
group differences. Nonetheless, it is important to note that although reminders of the feared outcome did
not significantly augment exposure, they were also not detrimental to learning. That is, the presentation of
a snake bite during exposure did not exacerbate avoidance behaviors or increase negative expectancies.
Fellow clinicians (Lokers, 2020) and media outlets (Slater, 2003) alike have raised ethical concerns that
exposure therapy may exacerbate symptoms, despite an abundance of evidence contradicting these claims
(Olatunji et al., 2009).

The present study did show that those in the AL condition completed significantly fewer BAT
steps than the FO and S conditions at session 2 post-exposure, and significantly fewer steps than the FO,
but not the S condition at follow-up. These results suggest that imagery-based exposure + AL may be less
effective than occasional reinforcement with regards to attenuating the return of fear. Of course, this
group difference may be an artifact of the study design rather than a difference between the two
interventions per se. For example, one explanation for the group difference is that individuals labeled
their affect every two minutes in the present study, which could have detracted from a participant’s ability
to process disconfirmatory information during the exposure manipulation. Although the exposure videos
were paused when the AL prompt appeared to preemptively address this concern, it may be the case that
AL individuals were distracted during exposure (i.e., between pauses) by considering what to say next
rather than focusing on the exposure stimuli itself. Research has shown that distraction is a pernicious
behavior that can interfere with exposure interventions, particularly when it demands additional cognitive

or attentional resources and prevents the processing of corrective information (Parrish et al., 2008; Craske
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et al., 2022). Consistent with this view, AL has been termed an “incidental emotion regulation strategy”
and is believed to share mechanisms with established emotion regulation strategies including distraction
(Lieberman et al., 2011).

The finding that snake phobic participants in the AL condition were more avoidant than those in
the FO and S conditions at either post-exposure or follow-up may be a product of the intensity of the
treatment-analogue design. Recent research has also shown that although AL reduces distress in high-
intensity aversive conditions, it increases distress in low-intensity conditions (Levy-Gigi & Shamay-
Tsoory, 2022). The treatment-analogue approach in the present study that capitalizes on video exposure
may represent a low intensity condition compared to actual exposure therapy in vivo that will be of higher
intensity. That being said, it is worth noting that Kircanski and colleagues (2012) found that an AL
condition did not significantly differ from exposure alone and distraction conditions in BAT steps
completed at follow-up. Similarly, Plaisted and colleagues (2022) more recently found that AL failed to
enhance exposure as assessed with self-rated anxiety, heart rate, and observer ratings of expressed anxiety
for adolescents with public speaking anxiety from pre-test to 1-week follow-up. The present findings
converge with this prior research that suggests that AL may not increment exposure alone and also
suggests that AL may be inferior to occasional reinforcement in attenuating the return of fear.

An important contribution of the present study is the examination of exposure outcomes across
multiple levels, including attentional bias. Although attentional biases are characteristic of many anxiety
disorders including specific phobias (Cisler et al., 2010; Bar-Haim et al., 2007), the extent to which
exposure interventions reduce such biases remains unclear. Prior to the exposure intervention, participants
spent significantly less time viewing snake images than pleasant images, which is consistent with prior
research showing that individuals with specific phobias demonstrate sustained attentional bias away from
threat (Armstrong et al., 2013). Despite robust changes in threat expectancies in the present study,
attentional biases did not significantly change over the course of the exposure paradigm. Furthermore,
there were no significant differences in attentional biases between the three exposure conditions. The

absence of an effect of exposure on attentional bias for threat is consistent with existing findings. For
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example, Kampmann and colleagues (2018) found that pre- to post-treatment changes in attention bias for
those with social anxiety disorder did not significantly differ between an exposure condition and waitlist
control condition. This lack of change in attentional bias for threat may partially explain why fear re-
emerges with the passage of time, a change in context, or following an aversive event. Although the
therapeutic benefit of attention bias modification is rather small for anxiety (Mogoase et al., 2014), a
novel protocol that leverages principles of operant conditioning has shown promise in reducing attention
to threat and increasing attention control (Azriel et al., 2024). However, no studies to date have examined
how such protocols augment exposure-based interventions. Future research that targets attentional bias for
threat during exposure therapy from an inhibitory learning framework may be especially promising for
attenuating the return of fear.

Another important aim of the present study was to examine potential group differences in
exposure process variables that may explain differences in outcomes. The FO condition experienced
significantly greater within-session habituation and distress variability than the AL and S conditions. The
FO condition also experienced significantly greater mean distress than the S, but not AL, condition.
Given that within-session habituation is believed to reflect within-session performance (Craske et al.,
2008) and distress variability is thought to enhance learning (Craske et al., 2014), these group differences
in process measures may help to explain why the AL condition underperformed in the present study. This
is despite the fact that the FO and AL groups perceived their manipulation as more emotionally intense
than the S group but did not significantly differ from each other in emotional intensity ratings. In fact,
when comparing the FO and AL groups, both distress variability and within-session habituation partially
mediated the relationship between exposure intervention condition and number of BAT steps completed
at follow-up. This finding suggests that distress variability and within-session habituation may be
mechanisms that differentiate how the effects of occasional reinforcement differ from that of AL in
modifying behavioral outcomes. However, it is important to note that computation of within-session
habituation and distress variability both rely on the peak in distress. Accordingly, additional research is

necessary to determine the distinctiveness of the process variables and to further clarify the extent to
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which they reliably predict and/or explain when and how the various inhibitory retrieval strategies
produce differences in exposure outcomes.

The present findings provide preliminary data on the comparative efficacy of two inhibitory
retrieval strategies. The study has several important strengths, including the use of a clinical sample and
multi-session nature, which allowed us to assess both between and within-session habituation. In addition,
the virtual nature of the study yields more generalizable results, given that participants were recruited
from across the United States, including rural communities. Despite the geographic diversity, the study
participants were majority White and female, limiting our ability to generalize study findings to other
demographic groups. The present study is not without additional limitations, which should be carefully
considered when interpreting results. For instance, two of the exposure conditions in the present study
(i.e., FO and AL) included exposure to multiple cues (i.e., different snakes in different environments).
Although such an approach is common in experimental psychopathology research, it is difficult to
disentangle whether it is variation in the context (exposure environment) or stimulus itself that helps to
weaken fear renewal. Future research should clarify the extent to which exposure in multiple-contexts or
to multiple stimuli, alone or in tandem, are beneficial in attenuating return of fear. In addition, the present
study only assessed spontaneous recovery (i.e., fear that returns with the passage of time) to familiar
stimuli as the measure of return of fear. Given that fear can also return with a change in stimulus or
context (context renewal), future studies should include fear renewal tests with both familiar and novel

stimuli/contexts.
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CHAPTER V

Study 4: A Multilevel Examination of an Inhibitory Retrieval Approach to Exposure:

Differentiating the Unique and Combined Effects of Multiple-Context and Multiple-Stimulus Cues

Introduction

The findings of Study 3 suggest that affect labeling during exposure may be a less optimal
exposure augmentation strategy, relative to occasional reinforcement, for maximizing the strength and
generalizability of inhibitory retrieval to attenuate the subsequent return of fear. However, research has
also shown that exposure in multiple contexts can successfully offset context renewal, a type of fear
renewal that occurs when the feared stimulus is confronted in a different environment than when exposure
was conducted. Multiple context exposure is thought to reduce the stimulus and context specificity of
extinction learning during exposure (de Jong et al., 2019), thereby optimizing the generalizability of
safety learning when a feared stimulus is presented after successful treatment. The efficacy of multiple
context exposure has been demonstrated in animal models (Laborda & Miller, 2013), human conditioning
paradigms (Balooch et al., 2012) and treatment analogue studies (Vansteenwegen et al., 2007). Notably,
compared to a single-context extinction group, spider fearful individuals who underwent extinction in
multiple locations of a house (Vansteenwegen et al., 2007) and multiple locations at a university
(Bandarian-Balooch et al., 2015) showed greater generalization of inhibitory associations.

Although conducting exposure in multiple contexts may be a useful strategy for generalizing
safety learning and weakening fear renewal, study designs often inadvertently incorporate other inhibitory
retrieval strategies that reflect variation in the stimulus cue into the exposure intervention. That is, the
stimulus itself may also differ in addition to the context in which it is presented, making it difficult to
disentangle the effects of multiple-context exposure from multiple-stimulus exposure. Indeed, another
augmentation strategy is to conduct exposure to multiple stimuli, which involves varying the feared
stimulus itself (e.g., various snakes of size, color, speed). A change in stimuli following single-context

extinction has been shown to increase fear renewal in human conditioning paradigms (Vervliet et al.,
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2005), providing further evidence that extinction learning may be stimulus specific. Thus, an important
part of increasing generalization of inhibitory learning may be incorporating varied stimuli during
repeated exposure. Rowe and Craske (1998) tested this hypothesis by exposing spider-fearful participants
to a single tarantula, or four tarantulas that each varied in size, appearance, and quickness. Compared to
the single stimulus group, individuals in the multiple stimulus group showed similar improvements
immediately following exposure but demonstrated lower fear renewal three weeks later (Rowe & Craske,
1998). To better maximize treatment outcomes, however, researchers must identify whether it is variation
in the stimulus itself, variation in the context in which the stimulus is presented, or a combination of both
that leads to superior outcomes (i.e., greater generalizability, lower return of fear).

An important question is the extent to which exposure that utilizes multiple contexts, multiple
stimuli, or both has its effects in attenuating fear renewal across different levels of analysis. Although
many exposure studies have shown subjective decreases in fear renewal, these findings are not consistent
across other levels of analysis that are relevant to threat responding in anxiety and related disorders. For
instance, attention biases (AB) towards threat have been shown to maintain anxiety disorder symptoms
(Cisler & Koster, 2010) and yet, the extent to which these threat biases can be eliminated by repeated
exposure has rarely been examined. Attention bias modification (ABM) approaches have been
increasingly used in an attempt to reduce anxiety by weakening AB to threat, and yet a link between
anxiety reduction and AB reduction using ABM has not been consistently observed (Mogg et al., 2017).
Given new safety (inhibitory) learning is believed to compete with preexisting fear associations during
exposure (Craske et al., 2008), it is surprising that few studies to date have examined the extent to which
this new safety learning is reflected in a reduction in AB to threat.

It is also unclear how incorporating inhibitory learning strategies such as multiple-context or
multiple-stimulus cues improves exposure outcomes across multiple levels of analysis. That is, what is
the mechanism of change? Traditional approaches to exposure posit that individuals must habituate to
feared stimuli for exposure to be successful, and that this reduction in fear is an important precursor to

subsequent, longer lasting symptom reduction (Foa & Kozak, 1986; Foa & McNally, 1996). However,
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modern inhibitory retrieval strategies are often inconsistent with habituation-based models of exposure
because they are designed to sustain heightened fear levels rather than promote fear reduction (Craske et
al., 2014). For example, exposure to multiple stimuli or in multiple contexts may maximize fluctuations in
fear responding, which may then increase available retrieval of safety cues and weaken fear renewal.
Consistent with this view, Jessup and Olatunji (2022) found that an exposure condition utilizing an
inhibitory retrieval strategy (i.e., occasional reinforcement) was associated with increased variability in
emotional responding and this variability in emotional responding significantly mediated the relationship
between exposure condition and behavioral approach at a one-week follow.

The present study examines the unique and combined effects of repeated exposure using
multiple-stimulus and multiple-context cues on fear renewal across multiple levels of analysis. Given that
fear renewal can be observed after the passage of time (i.e., spontaneous recovery) or with a change in
context (i.e., context renewal), return of fear was assessed one week after the exposure manipulation with
both familiar stimuli/contexts and novel stimuli/contexts. Multiple-stimulus and multiple-context
strategies have been consistently observed to augment learning during exposure (see Craske et al., 2022
for a review) and thus, it was hypothesized that all three groups would experience changes in negative
expectancy, behavioral approach/anxiety, and attentional bias over the course of the intervention. Further,
it may be the case that combining multiple context and stimulus strategies could maximize variation,
retrieval cues, and generalizability, thus increasing learning and sustaining the benefits of exposure long-
term. Consistent with this view, it was hypothesized that a combination of multiple-context and multiple-
stimulus exposure would result in greater attenuated fear renewal to familiar and novel stimuli among
snake phobic individuals at a one-week follow-up across subjective, behavioral and attentional levels of
analysis, compared to multiple-context and multiple-stimulus exposure alone conditions. Exploratory
analyses were also conducted to determine whether potential group differences in exposure process

variables explain observed group differences in exposure outcome.

Methods

Design
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Participants were randomized to one of three groups: 1) multiple-stimulus, single-context group
(MS), 2) single-stimulus, multiple-context group (MC), and 3) multiple-stimulus, multiple-context group
(MS/MC). For the multiple-stimulus groups (i.e., MS, MS/MC), four snakes were presented that varied in
size, appearance, and speed. For the multiple-context groups (i.e., MC, MS/MC), the environment in
which the exposure videos were presented consisted of four locations in which snakes are frequently
encountered (i.e., garage, woods near picnic bench, bathroom, hiking trail).
Participants

Community adults were recruited through a university-sponsored mass distribution email listserv
and ResearchMatch, a national health volunteer registry supported by the National Institutes of Health.
Interested individuals completed a brief phone screen with a trained researcher, who administered the
Anxiety Disorders Interview Schedule for DSM-5 (ADIS-5; Brown & Barlow, 2014). Participants were
considered eligible if they met DSM-5 criteria for snake phobia on the ADIS-5, had high speed internet
and a working computer with a webcam, were at least 18 years old, and did not have any of the following
conditions: blindness, pervasive developmental disorder, bipolar disorder, or a psychotic disorder (see
Figure 17; CONSORT Flow diagram). The final sample (N = 136) consisted of participants from 25
states, the most common of which were Tennessee (n = 56; 41.2%), Texas (n = 10; 7.4%), New York (n =
9; 6.6%), Illinois (n = 8; 5.9%), and Alabama (n = 7; 5.1%). Participants had a mean age of 39.04 (SD =
14.62; range = 20-70) and the majority identified as female (n = 90; 66.2%). The race and ethnicity of
participants was largely consistent with 2023 U.S. Census estimates: 58.8% of the sample identified as
White (n = 80), 30.1% as Black/African-American (n = 41), 7.4% as Hispanic/Latino (n = 10), 7.4% as
Asian/Pacific Islander (n = 10), 0.7% as American Indian/Alaska Native (n = 1), and 4.4% identified as
two or more races (n = 6).
Measures

Beck Anxiety Inventory (BAI; Beck & Steer, 1990). The BAI consists of 21 questions that

assess common symptoms of anxiety. Participants rate their responses on a Likert scale ranging from 0
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(not at all) to 3 (severely). The BAI demonstrated excellent internal consistency in the present sample (o
=.96).

Fear of Snakes Questionnaire (FSQ; Olatunji et al., 2017). The FSQ consists of 18 items that
assess snake fear. Participants rate their responses on a Likert scale ranging from 0 (totally disagree) to 7
(totally agree). The FSQ demonstrated good internal consistency in the present study (a. = .89).
Exposure Intervention

The imagery-based video exposure manipulation consisted of four 5-minute videos with 1-minute
intertrial intervals. Four run orders were randomly determined using a random number generator to
counterbalance the presentation of videos for each condition. Participants in the MS condition viewed
four, 5-minute videos of different snakes in the same bathroom. Participants in the MC condition viewed
four, 5-minute videos of one snake in four locations. Participants in the MS/MC condition viewed four, 5-
minute videos of different snakes in four locations. All three exposure groups received the same length of
exposure (i.e., 40 minutes across two sessions).
Emotional Intensity

At the end of each exposure session, participants completed a one-item measure of emotional
intensity. Participants were shown still images of the videos they watched during exposure and asked,
“how emotionally intense did you find this video?” Participants rated the perceived emotional intensity
using a visual analogue scale that ranged from 0 (not emotionally intense at all) to 100 (the most
emotional intensity I've ever experienced). Emotional intensity ratings were averaged to yield a single
emotional intensity score for each session.
Exposure Outcome Measures

Negative Expectancy Ratings. Before each exposure video, participants were shown a still image of

the video and asked, “to what extent do you expect this snake to bite someone?” Participants reported
their expectancy using a visual analogue scale that ranged from 0 (definitely not going to happen) to 100

(definitely going to happen). The same expectancy ratings were collected after each exposure video ended
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and at the one-week follow-up to measure changes in negative threat expectancy over time. At each time
point, the negative expectancy ratings were averaged to yield a single expectancy score.

Behavioral Approach Task (BAT). The BAT (revised from Jessup & Olatunji, 2022) consisted of
25 rank-ordered images and videos of snakes that were presented in a hierarchical manner. To complete a
step on the BAT, participants had to view the stimulus for 10 consecutive seconds and rate their level of
anxiety on a scale of 0 (not anxious at all) to 100 (the most anxious I've ever felt). BAT scores were
recorded as the highest step number completed.

Attentional Bias Task (MouseView.js; Anwyl-Irvine et al., 2021). MouseView.js is a well-validated,
highly reliable online alternative to eye-tracking and measures the allocation of visual attention to various
images (Anwyl-Irvine et al., 2021). MouseView.js mimics the visual system’s peripheral blur and foveal
clarity by allowing individuals to move a high-fidelity aperture around an obscured visual field with their
computer mouse. MouseView.js tracks and records a participant’s cursor movement over time. The
MouseView.js task used in the present study was created in Gorilla Experiment Builder (Anwyl-Irvine et
al., 2020) and consisted of 20 images from the International Affective Picture System, including 5 snake,
5 pleasant, and 10 neutral images (Lang & Bradley, 2007). The affective pictures (i.e., snake, pleasant)
were randomly paired with a neutral image for a total of 10 unique trials. During each trial, two images
were presented side-by-side for 10 seconds. Each presentation was repeated four times, yielding a total of
40 trials (20 pleasant-neutral, 20 snake-neutral trials). This MouseView.js task has been previously
validated in a phobic sample and demonstrated that snake phobic participants exhibit significantly shorter
proportion dwell time on snake images than non-phobic participants (Woronko et al., 2023).

Exposure Process Measures

Subjective Units of Distress (SUD). Consistent with extant research (Culver et al., 2012; Jessup &
Olatunji, 2022), participants were asked to verbally report their current level of distress on a scale of 0 (no
distress) to 100 (the most distressed I've ever felt). SUD ratings were collected at 0,1,2,3,4, and 5 minutes

during each exposure video, yielding 24 distress ratings in total. These SUD ratings were then used to
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calculate exposure processes including distress variability, mean distress, within-session habituation, and
between-session habituation (see data analytic section below).
Procedure

All aspects of the study were approved by Vanderbilt University’s Institutional Review Board.
Participants completed three Zoom sessions with a trained researcher. At the start of session one,
participants provided informed consent and completed the self-report measures on REDCap (Harris et al.,
2009). Participants were then guided through the pre-exposure BAT to assess baseline avoidance of
snakes and anxiety throughout the BAT. After the BAT, participants were sent a personalized link to
complete the MouseView.js task on their computer, which measured baseline attentional bias toward
threat. A brief form of psychoeducation was then provided before session one exposure: “while it’s often
scary to confront the things that scare us, research suggests that repeated exposure is an effective
strategy in reducing fear because we have the opportunity to learn that our feared outcomes aren’t as
likely or as severe as we think they might be.” After psychoeducation, participants completed their
randomly assigned exposure manipulation, providing negative expectancy ratings before and after each
video as well as SUD ratings throughout the videos. After the exposure manipulation, participants rated
the perceived emotional intensity of the videos. Then, session one was complete.

Participants returned for a second exposure session three days later. The exposure manipulation
consisted of the same four, five-minute snake videos shown in session one. Participants provided negative
expectancy ratings before and after each video and SUD ratings every 60 seconds during the videos. After
the exposure manipulation was complete, participants completed the same MouseView.js task and the
post-exposure BAT. One week later, participants returned for a follow-up session, during which they
completed the negative expectancy ratings, MouseView.js task, and BAT to measure spontaneous
recovery across subjective, attentional, and behavioral outcomes. To test generalization of learning,
participants also viewed a video of a novel snake in a novel environment and provided negative threat
expectancy ratings before and after the video. At the end of session three, participants were debriefed and

compensated with a $40 Amazon gift card.
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Data Analytic Overview

Exposure Process Data. Consistent with prior research (Culver et al., 2012; Jessup & Olatuniji,
2022), the following exposure process variables were calculated to summarize indices of distress across
each exposure session: 1) distress variability: the standard deviation of SUD ratings across all four
exposure videos, 2) mean distress: average SUD ratings across all four exposure videos, 3) within-session
habituation (WSH): peak distress level (highest SUD level during the four exposure videos) subtracted by
the final distress level (final SUD rating during the fourth exposure video) and 4) between-session
habituation (BSH): initial SUD level during session 1, video one subtracted by initial SUD level during
session 2, video one.

Attentional Bias Data. MouseView.js measures each participants’ cursor placement and time
duration for each trial. Consistent with Woronko and colleagues (2023), dwell time for each trial was
operationalized as the proportion of time spent looking at (i.e., revealing with cursor) the affective image
compared to the total trial time. Average dwell times were computed for each participant for all trials in
which a snake was presented.

Mediation Analyses. Mediation models examined the extent to which an exposure process
variable mediates the relationship between exposure group and follow-up outcomes. Consistent with
Hayes’ (2022) guidelines, indicator coding was used to retain the multicategorical nature of experimental
condition through the creation of two dummy-coded variables (X1 and X3). The MC exposure condition
was coded as the reference group for both comparisons. X, represented the comparison between the MC
and MS conditions, and X; represented the comparison between the MC and MS/MC exposure
conditions. 95% bootstrap confidence intervals were used to examine the significance of indirect effects.
Bootstrapping procedures generate an estimate of the relative indirect effect and a 95% confidence
interval. If zero is not included in the confidence interval, the relative indirect effect is purported to
significantly differ from zero and thus, the process variable significantly mediates the relationship

between exposure condition and follow-up outcome.
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Results

Descriptive Statistics

There were no significant group differences on any of the demographic variables, including age,
gender, and race (all ps >.10; see Table 6). Similarly, there were no significant differences among groups
on baseline BAI anxiety ratings or baseline FSQ snake fear (ps > .10).
Differences in Emotional Intensity

A 2 (Time: post-exposure session 1, post-exposure session 2) x 3 (Condition: MS, MC, MS/MC)
repeated measures ANOVA revealed a significant time by condition interaction, F = 3.24, p = .04, np*=
.05. Examination of this interaction showed that the MC exposure group reported significantly lower
emotional intensity ratings than the MS exposure group after session 1 (p = .045) and significantly lower
emotional intensity ratings than both the MS (p = .03) and MS/MC (p = .01) exposure groups after
session 2. However, the MS and MS/MC groups did not significantly differ from one another (ps > .10).
Differences in Subjective Outcomes

Negative Threat Expectancy to Familiar Stimuli. A 3 (Group: MS, MC, MS/MC) x 5 (Time:
session 1 pre- and post-exposure, session 2 pre- and post-exposure, follow-up) repeated measures
ANOVA was conducted to examine changes in negative expectancy ratings throughout the intervention
(see Figure 18). Results revealed a significant main effect of time, F(3.40) = 35.54, p < .001, np*= .22,
and a significant time by condition interaction, F(6.79) = 3.48, p = .001, np?= .05. Post-hoc tests of
multiple comparisons revealed individuals in the MC condition reported significantly lower negative
expectancy ratings than individuals in the MS (p = .01) and combined MS/MC (p = .003) conditions.
However, those in the MS and combined MSMC condition did not significant differ from each other in
negative expectancy ratings (p > .10).

Negative Threat Expectancy to Novel Stimuli. A 3 (Group: MS, MC, MS/MC) x 2 (Time:
before viewing novel stimuli, after viewing novel stimuli) repeated measures ANOVA was conducted to
examine changes in negative expectancy ratings during a return of fear test with a novel stimulus and

context at follow-up. Results revealed a significant main effect of time, F(1) = 32.05, p <.001, np*= .20,
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such that all conditions reported a decrease in negative expectancy after viewing the novel stimulus.
However, the time by condition interaction was not significant, F(2) = 0.32, p > .10.
Differences in Behavioral Outcomes

Behavioral Approach. A 3 (Condition: MS, MC, MS/MC) x 3 (Time: pre-exposure, post-
exposure, follow-up) repeated measures ANOVA on BAT steps completed yielded a significant time by
condition interaction, F(3.46) = 4.09, p = .01, np?= .06 (see Figure 19, left). To probe this interaction, the
main effect of time was examined separately for the three conditions. Although a significant main effect
of time was not observed for the MS group (p = .13) or the MC group (p = .38), there was a significant
main effect of time in the MS/MC group, F(1.48) = 6.81, p = .01, np?= .16. This main effect of time in the
MS/MC group reflects that behavioral approach decreased from pre-exposure to follow-up, whereas it
remained stable for those in the MS and MC groups.

Anxiety during the BAT. A 3 (Group: MS, MC, MS/MC) x 3 (Time: pre-exposure, post-
exposure, follow-up) repeated measures ANOVA was conducted to examine changes in mean anxiety
ratings during the BAT (see Figure 19, right). Results revealed a significant main effect of time, F(1.77) =
6.53, p =.003, np?= .05, such that all three groups reported a decline in anxiety during the BAT over time,
but the time by condition interaction was not significant (p > .10).

Differences in Attentional Bias Outcomes

Pleasant and Snake Dwell Time Proportions. A paired-samples t-test revealed that participants
spent significantly less time viewing snake images (M = .43, SD =.18) than pleasant images (M = .54,
SD = .08) during pre-exposure, t(127) = 5.85, p <.001, d = .51. These differences in dwell time
proportion are consistent with an attentional avoidance of threatening stimuli.

Group Differences in Snake Dwell Time Proportion. A 3 (Condition: MS, MC, MS/MC) x 3
(Time: pre-exposure, post-exposure, follow-up) repeated measures ANOVA was conducted to examine
changes in the proportion of time spent attending to snake images. Results revealed no significant main

effect of time (p = .18) and the predicted time by condition interaction was not significant (p = .22).
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Figure 20 depicts visual approach and avoidance patterns to snake versus pleasant images at pre-
exposure, post-exposure, and follow-up.
Exposure Process Measures

Group Differences. Figure 21 depicts the subjective units of distress ratings for each group
during exposure that were used to examine the process variables. A one-way ANOVA revealed
significant differences in distress variability and mean distress (ps = .045 and .042, respectively), but no
significant group differences in within-session habituation or between-session habituation (ps > .10). The
MC group reported significantly lower distress variability than the MS group (p = .01) and significantly
lower mean distress than both the MS (p = .02) and MS/MC groups (p = .03).

Associations with Outcome Measures. Distress variability during exposure was significantly
positively correlated with average anxiety on the follow-up BAT (r = .21, p = .02), but no other outcome
measures. Mean distress was significantly, negatively correlated with BAT steps completed at follow-up
(r=-.25, p =.003), and significantly, positively correlated with expectancy ratings (r = .77, p <.001) and
average anxiety on the follow-up BAT (r = .68, p <.001). Within-session habituation was significantly,
negatively correlated with expectancy ratings at follow-up (r = -.28, p = .001), but no other outcome
measures. Lastly, between-session habituation was significantly positively correlated with BAT steps
completed at follow-up (r = -.20, p = .02) and significantly negatively correlated with expectancy ratings
at follow-up (r = -.25, p = .003).

Mean Distress as Mediator of Negative Threat Expectancy. A mediation model was
conducted to examine the extent to which mean distress mediated the relationship between exposure
condition and self-reported negative expectancy ratings at follow-up. When examining the X;
comparison, a 95% bootstrap confidence interval showed the true indirect effect for mean distress was
estimated to lie between 1.26 and 20.50 (Effect = 10.73, SE = 4.88). Similarly, for the X, comparison, a
95% bootstrap confidence interval showed the true indirect effect for mean distress was estimated to lie
between .51 and 20.55 (Effect = 10.54, SE = 5.16). These confidence intervals do not contain zero and

thus, it can be concluded that mean distress significantly mediates the relationship between exposure
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condition and negative expectancy ratings at follow-up (Figure 22). Effect size calculations estimated the
ratio of the indirect effect of X1 and X to the relative total effect (Alwin & Hauser, 1975). When
comparing the MC and MS groups (X1 comparison), the relative indirect effect of mean distress
accounted for 93.47% of the relative total effect exposure condition had on negative expectancy ratings at
follow up. When comparing the MC and MS/MC groups (X, comparison), the relative indirect effect of
mean distress accounted for 61.85% of the relative total effect exposure condition had on negative
expectancy ratings at follow up.
Discussion

The present treatment-analogue study examined the unique and combined effects of multiple-
context and multiple-stimulus imagery-based exposure across multiple levels of analysis. When
examining subjective outcomes, results revealed that participants in all three exposure conditions
experienced significant reductions in negative threat expectancy. This finding suggests that exposure to
multiple contexts and/or multiple stimuli facilitates learning and effectively decreases predictions of the
feared outcome (e.g., snake bite). These findings are consistent with prior research showing that stimulus
and context variation strategies during exposure successfully augment learning by reducing threat
expectancy (Bandarian Balooch & Neumann, 2011) and self-reported fear (Shiban et al., 2013).
Examination of group differences revealed that those in the single-stimulus, multiple-context (MC)
exposure condition reported significantly lower negative expectancy ratings than the multiple-stimulus,
single-context (MS) and combined MS/MC exposure conditions over the course of exposure and at
follow-up. Lower threat expectancy may be expected for those in the MC condition given that those
participants rated negative expectancies for a single stimulus, whereas those in the MS and combined
MS/MC exposure conditions viewed and rated negative expectancies to multiple stimuli.

Contrary to predictions, examination of behavioral outcomes revealed that behavioral approach
remained stable over the course of the intervention for those in the MC and MS exposure alone
conditions. However, behavioral approach decreased from pre-exposure to the one-week follow-up for

snake phobic individuals in the combined MS/MC exposure condition. This finding converges with those
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of Shiban and colleagues (2015) showing no evidence of superiority when conducting combined MC and
MS exposure for spider phobia in a virtual reality setting. In fact, the present findings suggest that a
combination of MS and MC exposure may actually be detrimental at least in the short-term. However, it
may be premature to make strong inferences based on the BAT findings in the present study given the
virtual nature of the task. Future research examining behavioral outcomes in-vivo will be needed to more
precisely determine the effects of combined MS/MC exposure on behavioral avoidance.

Although it was hypothesized that combining MC and MS strategies could maximize variation,
retrieval cues, and generalizability, thus increasing learning and sustaining the benefits of exposure long-
term, this was not the case in the present study. However, this may be explained in part by the study
design, which has important implications for translational research on exposure therapy outcomes more
broadly. In the combined MS/MC exposure condition, each varied stimulus was presented in a different
context and shown for 5 minutes per exposure session. Although the study design maximized variability
across stimuli and contexts, repeated presentations were limited to just two five-minute trials (once per
exposure session). Craske and colleagues (2022) have cautioned that variability should not occur at the
cost of repetition, given that repetition is required for extinction learning and fear extinction occurs at a
slower rate than acquisition (Rescorla, 2002). The decrease in behavioral approach for the combined
MS/MC exposure condition supports the notion that variability without sufficient repetition could
inadvertently weaken extinction learning (Craske et al., 2022).

An important question for future research is to examine whether combined MS/MC exposure is
detrimental for learning, or if such an intervention requires more repetition before beneficial effects can
be observed. Future research could examine whether the combined variability approach is more beneficial
over the course of a longer exposure paradigm that allows for greater repetition. For instance, a paradigm
that allows for 2 sessions of single-stimulus, multiple-context exposure, followed by 2 sessions of
multiple-stimulus, single-context exposure, and finally 2 sessions of a combined multiple-
stimulus/multiple-context exposure (akin to deepened extinction; Craske et al., 2014, 2022) may yield

more promising effects. As research in experimental psychopathology continues to examine the efficacy
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of introducing variability into exposure paradigms, it will be critical to allow for sufficient repetition prior
to introducing variations in stimulus and context. A related important future research question is
regarding the timing of exposure to maximize outcomes. For example, should repeated exposures with a
single feared stimulus be prioritized prior to incorporating variability into treatment? Future research
addressing the modality of exposure as well as the content and timing of exposure will be better
positioned to offer more prescriptive data that may improve treatment outcomes.

The present study also included an attentional outcome measure, which represents an important
study strength. There is overwhelming evidence documenting the presence of attentional biases in anxiety
disorders (Armstrong & Olatunji, 2012; Bar-Haim et al., 2007; Cisler & Koster, 2010) and yet, it remains
unclear whether such biases can be reduced through exposure intervention. Prior to exposure, participants
in the present study spent a significantly smaller proportion of time viewing snake images than pleasant
images, which is consistent with a sustained attentional avoidance of threat documented for phobic
individuals (Armstrong et al., 2013). Despite robust reductions in negative threat expectancy, attentional
biases did not change over the course of the exposure paradigm and there were no significant differences
between exposure groups. It may be the case that participants were able to acquire some discomfirmatory
information during the exposure paradigm, explaining changes in negative expectancy, but also exhibited
an attentional bias away from threat that prevented maximal learning. Indeed, theoretical models posit
that while learning affects the attentional salience of the feared stimulus (Mackintosh, 1975; Pearce &
Hall, 1980), learning may be impeded if individuals are attending to the surrounding context or other
elements of the exposure stimulus that may explain the non-occurrence of the US (Barry, Vervliet, et al.,
2015). Future research should investigate whether strategies specifically aimed at reducing attentional
biases could maximize learning and attenuate return of fear. Consistent with this approach, one study
found that a subtle attention manipulation (i.e., change in stimulus eye color when a participant looked
directly at the stimulus) that was implemented during fear extinction enhanced attention and decreased

fear responses (Klein et al., 2021).
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Another aim of the present study was to determine whether specific exposure process
mechanisms predicted superior exposure outcomes. The MC exposure condition reported significantly
lower distress variability than the MS exposure condition, and significantly lower mean distress than both
the MS and combined MS/MC exposure conditions, which is consistent with lower reports of perceived
emotional intensity in the MC group. Such group differences may in part reflect lower arousal given
exposure to a single feared stimulus in the MC condition. In addition, mean distress was significantly
correlated with nearly all outcome measures (i.e., negative threat expectancy, BAT steps completed, BAT
anxiety, but not attentional bias at follow-up). In fact, mean distress partially mediated the relationship
between exposure condition and negative expectancy ratings at follow-up, suggesting that lower mean
distress during exposure is a relevant mechanism for explaining attenuated spontaneous recovery in
negative threat expectancy one week after exposure. Although this finding appears to contradict a prior
study showing that sustained arousal throughout exposure predicted lower levels of fear at follow-up
among participants fearful of public speaking (Culver et al., 2012), it may suggest that different processes
during exposure (arousal vs distress) predict different outcomes (fear vs threat expectancy) that reflect
fear renewal. This highlights the need for future research examining how specific process variables may
relate to treatment outcomes that are assessed at different levels of analysis.

The present study has several important strengths, including the virtual, imagery-based exposure
design that incorporated ecologically valid environments with multiple, distinct exposure stimuli. The
inclusion of a demographically diverse phobic sample from across the United States is another strength of
the present study. However, several limitations should be carefully considered when interpreting study
findings. First, the follow-up period for the present study was relatively short (i.e., one week). Although
the duration for follow-up testing was selected to be consistent with prior research that examined the
efficacy of inhibitory retrieval strategies (e.g., Bandarian-Balooch et al., 2015; Jessup & Olatunji, 2022),
it may not be sufficient to see important group differences emerge. Second, the test for generalization of
learning at follow-up was assessed through subjective negative expectancy ratings. It may be the case that

more meaningful group differences emerge when examining generalization of learning across other levels
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of analysis (e.g., behavioral approach to a novel stimulus in-vivo). Third, due to the virtual nature of the
study, physiological responding during exposure was not assessed. Lastly, while the video-based
exposure design allowed for experimental flexibility, it remains unclear if this approach effectively targets
associative learning processes (e.g., extinction) in the same manner as in-vivo exposure interventions.
Future translational research that employs an in-vivo approach will be invaluable in disentangling the
unique and combined effects of incorporating multiple-context and multiple-stimulus cues during

exposure therapy.
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CHAPTER VI

Future Directions

Results from Studies 1 through 4 support the notion that compared to standard exposure,
inhibitory retrieval strategies can be beneficial for weakening fear renewal across subjective and
behavioral, but not attentional, levels of analysis. Although the inhibitory retrieval theory aims to address
shortcomings of the EPT including considerations for reducing return of fear, it is notable that the effects
of inhibitory retrieval on exposure outcomes across Studies 1 through 4 were not as robust and consistent
as expected in comparison to standard exposure. For example, when examining the overall effects of
inhibitory retrieval strategies in Study 1 (Part 1), null effects were observed for the composite outcomes
and only small, significant effects were observed for primary outcomes. Further, in Studies 2 through 4
the benefits of inhibitory retrieval strategies were documented, though inconsistent, across levels of
analysis. One interpretation of these findings is that there may be a) common mechanisms for inhibitory
retrieval-based exposure and standard exposure that outweigh any differences and b) prescriptive
indicators that suggest specific individuals may benefit from one approach over the other.

Although the present studies suggest that there may be some benefits to an inhibitory retrieval
approach, the EPT and inhibitory retrieval framework may not necessarily be in conflict with one another.
The extant literature often positions these theories as contrasting models given EPT’s emphasis on fear
reduction as a core component to successful treatment whereas early iterations of the inhibitory retrieval
framework contend that WSH is commensurate with session performance rather than the long-term
learning that is required for more desirable outcomes (Craske et al., 2008). Indeed, EPT is often regarded
as a “habituation-based model” of exposure therapy while the inhibitory retrieval model alternatively
emphasizes EV as a primary mechanism through which exposure is successful. However, Foa and
Kozak’s (1986) description of EPT also highlights that cognitive change that occurs as a result of
corrective information is an important mechanism of change. They contend that pathological fear is

reduced as an individual identifies and incorporates information that is incompatible with their existing
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fear structure (i.e., beliefs about the feared stimulus, response, and meaning of the stimuli and responses;
Foa & Kozak, 1986, pg. 21). Such information allows a pathway for correction, where fear associations
are weakened through “a change in the representations of the probability of the feared consequences”
(Foa & Kozak, 1986; pg. 27). Arguably, information that is incompatible with the fear structure in EPT
reflects the EV that is emphasized as being a mechanism of change in the inhibitory retrieval framework.

Although Studies 1 through 3 suggest that an inhibitory retrieval framework may offer some
advantages to standard exposure therapy, it is important to note that the efficacy of standard exposure is
also well-documented (Olatunji et al., 2010; Wolitzky-Taylor et al., 2008). Although the inhibitory
retrieval strategies may be more intentional about activating cognitive change through explicit violation
of expectancies, both approaches highlight the importance of contrasting the specific predictions made by
patients about the likelihood or severity of a feared outcome with the individual’s actual experience
during exposure. The repeated comparison of predictions to outcomes (i.e., EV) in exposure therapy is
thought to yield a more enduring form of learning that leads to global changes in maladaptive beliefs
(Knowles & Tolin, 2022). Indeed, there is considerable support for changes in beliefs during treatment as
a mechanism of symptom change in exposure therapy. For instance, changes in beliefs during exposure
therapy mediated changes in OCD symptoms (Levy et al., 2018) and PTSD symptoms (McLean et al.,
2019; Wells et al., 2022) in clinical samples. Further, a recent meta-analytic review by Breuninger and
colleagues (2019) with agoraphobic individuals found that cognitive change is a probable mechanism of
action in exposure therapy, especially change in self-efficacy. Standard exposure and an inhibitory
retrieval-based exposure approach may have their desired effects through changes in beliefs in varying
degrees. However, there may also be important differences in who is likely to respond to a standard
exposure versus an inhibitory retrieval-based exposure approach that should be considered in future
research.
Towards Prescriptive Indicators

Given that there was not a single exposure process mechanism that consistently explained group

differences and improvement across exposure strategies in Studies 2 through 4, it may be more
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advantageous to focus on prescriptive indicators for treatment success. Indeed, the extent to which a
standard exposure or an inhibitory retrieval-based exposure approach should be employed may be
informed by responses to feared stimuli early in treatment. Elsner and colleagues (2022) recently found
that both within-session distress reduction (conceptualized as a form of WSH) and distress-related EV
(i.e., the degree to which someone overestimated their distress rating at the end of exposure)
independently predicted treatment outcomes. Specifically, within-session distress reduction during the
first exposure exercise predicted percentage of symptom change, such that a stronger decline of subjective
distress during the first exposure exercise was significantly related to stronger decreases of OCD
symptoms after 20 sessions of exposure therapy. Although this finding is somewhat surprising given the
inconsistent support for WSH in the extant literature (see Craske et al., 2008), it may be the case that
within-session distress reduction during the first exposure session reflects a precise indicator of WSH that
is predictive of treatment outcome. Further, EV towards the end-of-exposure distress score, but not
within-session distress reduction, significantly predicted early remission. In fact, the chance for early
remission doubled as the mismatch between expected and experienced distress score rose by one unit
(Elsner et al., 2022). Elsner and colleagues (2022) suggest that within-session distress reduction and
distress-related EV represent two theoretically distinct, independent processes that contribute to exposure-
based treatment benefits. However, in considering the shared features of EPT and the inhibitory retrieval
framework, an alternative explanation is that within-session distress reduction and distress-related EV
represent two avenues through which individuals can similarly experience changes in beliefs such as
coping self-efficacy (e.g., “I am able to stay in the moment as my fear declines”; “I overestimated my
distress while confronting the feared stimulus and/or I am able to tolerate the distress I do feel”). Given
such findings, the central question may not be which theoretical approach is most effective (EPT or the
inhibitory retrieval framework), but rather which is more effective for whom?

Elsner and colleagues (2022) did find that both within-session distress reduction and distress-
related EV were only significant predictors when measured during the first session of exposure. From a

mechanistic standpoint, the first session of exposure may be of particular importance and highly
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informative for treatment outcome. For instance, if the first exposure is optimized to allow for both WSH
and EV, an individual’s performance during the first session could determine how subsequent sessions are
conducted. For those who experience high levels of distress reduction early in treatment, a standard
approach to exposure may be sufficient. However, many individuals fail to habituate and may become
discouraged if habituation does not occur. In these instances, steps can be taken to maximize expectancy
violation through the addition of inhibitory retrieval strategies. Indeed, one possibility is that inhibitory
retrieval strategies will benefit those who struggle to experience belief changes through a traditional
approach to exposure (e.g., habituation-based progression up an exposure hierarchy) and are an effective
avenue to change core beliefs and/or learn coping self-efficacy through increased tolerance of distress.
It is worth noting that the mechanism(s) that contribute to more desirable exposure therapy outcomes may
vary depending on the outcome or the ways in which the mechanism(s) is operationalized. This may not
only explain discrepant results for WSH/performance in the empirical literature and the present studies,
but also for EV and other exposure process variables. Benito et al. (2018) recently underscored the
importance of differentiating learning and nonlearning processes in fear reduction, given that there are
also processes captured throughout exposure that are not indicative of, or associated with, learning.
Similarly, Knowles and Tolin (2022) have noted that the way in which EVs are operationalized (e.g.,
binary versus dimensional approach) likely influences the extent to which EV is a significant mechanism
of change in exposure therapy. Further, methodological variations (e.g., number/length of exposure
sessions, time between sessions, homework) make it difficult to consistently compare process variables
between standard exposure and inhibitory retrieval-based exposure approaches (Craske et al., 2008).
These inconsistencies highlight a critical area for future research, both in examining exposure-based
mechanisms and considering the precision and specificity of measurement in exposure-based studies more
broadly.
Leveraging Experimental Psychopathology

The present studies leverage an experimental psychopathology (EP) framework to determine if

and how inhibitory retrieval strategies improve outcomes for exposure-based interventions. EP is a
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subfield of psychopathology research that aims to elucidate variables and processes that contribute to the
etiology, exacerbation, maintenance, or treatment of abnormal behavior (Forsyth & Zvolensky, 2001). EP
experiments are performed in tightly controlled laboratory settings, which offer an efficient way to isolate
mechanisms of change. By examining such mechanisms with little outside “noise,” researchers can
identify causal relationships between the addition of an inhibitory retrieval strategy and outcome variables
of interest. For instance, exposure-based EP research has demonstrated that the addition of an inhibitory
retrieval strategy facilitates greater fluctuations in emotional responding which predicts superior treatment
outcomes (Jessup & Olatunji, 2022; Kircanski et al., 2012). The controlled study designs allowed
researchers to anticipate when arousal may increase, collect distress ratings at the appropriate time, and
examine distress variability as a mechanism of action. Findings from such studies are then well-
positioned to lend support to existing exposure-based theories and provide rationale for refining those
theories as needed. Although an important aim of experimental psychopathology research is to guide the

development of new treatments derived from basic science, examining if a newly developed intervention

Despite the utility of an EP approach to identifying potential mechanism(s) that account for the
efficacy of inhibitory learning strategies, there are a number of challenges for exposure-based EP research
that must be considered. For example, the tightly controlled nature of EP research does not always reflect
the same processes and experiences observed in clinical settings, which poses challenges for translation to
real life RCTs. More specifically, Blackwell and Woud (2022) have observed that a challenge in
developing treatments from an EP approach is that the resulting putative intervention often concerns a
concept or idea whereas what is tested in an RCT is one specific implementation of this idea. In other
words, what is commonly revealed in EP research is a mechanism that can then be translated to have
beneficial clinical effects. However, the ways that this can be best achieved through RCTs can be
complex. The translation from EP research to RCTs is also complicated by potential sample differences.

While the EP approach often employs analogue samples, RCTs consists of patient samples. This can limit
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generalizability because patients with anxiety disorders present with heterogeneous symptom
As a result, feared outcomes can be more abstract (e.g., rooted in uncertainty for future events) and less
easily identifiable. Future translational research along these lines will need to consider the limitations of
the EP approach and take necessary steps to bridging the gap between EP research and clinical science
and practice. Bridging this gap will require careful consideration of the idea being adopted from EP (i.e.,
expectancy violation) and the strategies that will facilitate its implementation in the ‘real world’.
Leveraging an EP approach in future research on the mechanism of action in inhibitory learning
strategies must also come to terms with what can and cannot be reasonably concluded from this approach.
For example, EP study designs are rarely longer than one to two exposure-based sessions with short (1-4
week) follow-ups, which significantly differs from longer (8-12 session) RCTs that assess outcomes over
several months, during which external stressors may be encountered. Carefully designed EP studies
examining the efficacy of inhibitory retrieval strategies should not only adopt the measurement and
method properties that allow for isolating hypothesized mechanisms, but also address the specific
conditions (i.e., timing) in which the mechanisms are predicted to have a therapeutic effect. Another
important area for future EP research will be to determine if more complex conditions and abstract feared
outcomes similarly benefit from the use of specific inhibitory retrieval strategies. For instance,
researchers testing the efficacy of occasional reinforcement in obsessive-compulsive disorder may
identify each individual’s feared outcome and select specific stimuli that maximally challenges their
expectancies instead of incorporating just one feared outcome to an exposure paradigm. This emphasis on
an ideographic approach to EP intervention research may yield findings that can then be more
meaningfully translated to RCTs. Relatedly, consideration in future EP research should be given to
increasing ecological validity. This can be done by including stimuli in naturalistic settings and longer
follow-up periods to facilitate generalization of study findings to RCTs. A more rigorous approach to EP
study designs will continue to expand the utility of this approach and advance the generalizability of study

findings in clinical research.
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Need for Increased Specificity in Measurement

The present studies also highlight the need for increased measurement specificity in future
exposure-based EP research. In Study 1, although there was no evidence that any study variables affected
the group differences for the significant subjective and behavioral primary outcome analyses, the large
variation in study design and outcome measures make it difficult to draw definitive conclusions given
important measurement issues. Both composite and primary outcome results were included in the
guantitative review given the large variation in the type of outcome measure reported for each study. It
may be the case that the null composite results are at least partially explained by the fact that some
outcome measures are more sensitive to exposure-based changes than others. While composite measures
in Study 1 captured all potential changes in outcome (e.g., re-exposure to familiar stimuli, changes on
self-report questionnaires), the primary outcome measures often consisted of variables that measured
learning (i.e., changes in negative expectancy) or generalization of learning (e.g., approach to novel
stimuli on the BAT). Similarly, inconsistencies in results between Studies 2 through 4 and studies in the
extant literature can be partially explained by differences in outcome measures used (e.g., changes in
negative expectancy versus changes in self-reported fear). Together, these discrepant results highlight the
importance of measurement selection. If the goal of a study is to explicitly test for inhibitory retrieval, it is
critical that the study design includes measures of EV and generalization of learning. If the goal of the
study is to examine outcome and researchers are agnostic to the theoretical model, there is greater
flexibility in the outcome measures that can be used. To better elucidate the efficacy of inhibitory
retrieval strategies in exposure-based interventions, it will be critical that researchers are more rigorous in
their measurement and select outcomes that precisely answer their research question.

The present findings do suggest that exposure outcomes can differ across levels of analysis.
Studies 1 through 4 all found significant group differences across subjective and/or behavioral, but not
physiological or attentional outcomes. Fear systems are known to diverge (e.g., Hodgson & Rachman,
1974; Mineka, 1979), which could potentially explain discrepancies between subjective self-report,

behavioral, attentional and physiological markers of fear. Following an exposure intervention, Vermes et
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al (2020) found that an inhibitory retrieval group experienced improvements in physiological but not
subjective over-reactivity to trauma memories. Levels of analysis also yield varying results for different
types of return of fear. For instance, Dour and colleagues (2016) found that a positive valence inhibitory
retrieval group demonstrated significantly less subjective fear during a test of spontaneous recovery but
less behavioral avoidance after a test of reinstatement. Results may differ in part because subjective
outcomes such as expectancy ratings are explicit measures that rely heavily on declarative knowledge,
whereas more implicit processes may be better captured by tests of attention, avoidance, or physiological
cognitive response systems like self-report are differentially sensitive to extinction compared to
physiological indices such as SCR (Gawronski et al., 2015; Lipp et al., 2003; Lipp & Edwards, 2002).
Further, there are fewer studies in the extant literature that include implicit (e.g., attentional,
physiological) outcomes compared to explicit (e.g., subjective, behavioral) outcomes. For instance, in
Study I (Part I1), there were 47 comparisons included in the subjective analyses and 22 included in the
behavioral analyses, compared to 10 for physiological analyses. Given that several studies found non-
significant subjective effects but did not measure physiological markers of fear (e.g., Deacon et al., 2010;
Buchholz et al., 2022), it may be that some differences between the inhibitory retrieval and standard
exposure groups were missed on the physiological level. Similarly, Studies 2 through 4 are among the
first to include attentional outcomes, which yielded consistent, non-significant differences between
inhibitory retrieval and standard exposure groups. By increasing the number of studies that include
outcomes across multiple levels of analysis, researchers will have a more definitive understanding of the
ways in which inhibitory retrieval strategies weaken return of fear.

The present studies also revealed variability in how and when researchers assessed return of fear.
Of those who included a follow up assessment in Study 1, the length of time between post-exposure tests
and follow-up varied widely from one day (Vermes et al., 2020), one week (Jessup & Olatunji, 2022;
Lancaster et al., 2020), to one year (Maples-Keller et al., 2017), which may have especially important

implications when examining memory retrieval. Some studies also tested for return of fear through
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presentation of novel stimuli immediately following post-exposure (e.g., Vansteenwegen et al., 2007) or
follow-up (Study 4), and other studies did not include any test of return of fear (e.g., Sy et al., 2011).
Tests at follow-up rather than post-exposure are critical to get a better sense of inhibitory retrieval versus
session performance (Meulders et al., 2016). Even when follow-up did include a separate visit, long-term
outcomes were frequently operationalized as one week or one month (in the present study, M = 3.3
weeks), which differs from clinical settings where patients hope to maintain improvement over months or
years (Jacoby & Abramowitz, 2016). To better understand how inhibitory retrieval strategies affect return
of fear, it will be critical that researchers include such assessments and are more consistent with the
duration of time between sessions.

The existing studies also differ in the ways in which they assess return of fear (e.g., fear relevant
CSs, generalization stimuli) and the tests of return of fear that are included (i.e., context renewal,
spontaneous recovery, fear reinstatement, reacquisition). Given that results differ based on type of return
of fear (Study 4; Thompson et al., 2018), it will be useful for extinction and exposure-based researchers to
include tests that capture several types of fear renewal. This will provide clarity on which inhibitory
retrieval strategies are most effective in attenuating which type of return of fear. For instance, it may be
the case that multiple context exposure is most effective in attenuating context renewal (Vansteenwegen
et al., 2007), whereas occasional reinforcement is more helpful in weakening spontaneous recovery
(Thompson et al., 2018).

Determining which inhibitory retrieval strategies are most effective may depend on the extent to
which such strategies are examined separately or in tandem. It should not be overlooked that many studies
employ multiple inhibitory retrieval strategies in tandem for both fear conditioning and exposure
interventions. For instance, combined (compound) reminders during reconsolidation more effectively
weakened fear compared to one cue alone (Zhuang et al., 2017), and positively-valenced retrieval cues
have also been shown to attenuate fear renewal (Dibbets & Maes, 2011). These results suggest that
combining some inhibitory retrieval strategies may be advantageous. Yet, results from Shiban and

colleagues (2015) suggest combining multiple-context and multiple-stimulus exposure does not
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necessarily improve treatment outcomes, and findings from Study 4 tell a cautionary tale for combining
inhibitory retrieval strategies at the expense of repetition. Accordingly, an important area for future
research will be to examine if and when the combination of strategies is effective versus ineffective.
Conclusions

The addition of an inhibitory retrieval strategy into an exposure intervention significantly reduces
subjective return of fear (Studies 1, 4) and behavioral return of fear (Studies 2, 3). Together, these studies
show promise for the utility of inhibitory retrieval strategies for augmenting learning during exposure
therapy. However, the inhibitory retrieval and emotional processing frameworks share key similarities
and likely have shared underlying mechanisms that contribute to exposure therapy treatment outcome.
Furthermore, increased attention towards prescriptive indicators (e.g., who experiences distress reduction
versus expectancy violation early in treatment) may provide insight into who will benefit most from an
inhibitory retrieval approach to exposure therapy. Delineation of such mechanisms may have important
clinical implications for tailoring exposure-based treatments for individuals with anxiety-related
disorders. Fear extinction is a flagship of translational research that has shaped current conceptualizations
of the etiology and treatment of anxiety disorders (Craske et al., 2018). Given the demonstrated utility of
extinction as a model by which to study mechanisms underlying exposure therapy (Craske, Sandman, et
al., 2022), future research leveraging the clinical applications of extinction learning will be invaluable in
identifying key mechanisms that may lead to new discoveries in the application of exposure-based

therapies.
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Table 1. Study 1 sample characteristics for each study included in the qualitative review of fear conditioning approaches.

stud Inhibitory Retrieval Igst”r)ilet\?g E;anoiirr(: I\'/&eaen % % # Ext. Time to
y Strategy? P g Female White Sessions FU (days)
n n (SD)
Agren et al. (2012) Reconsolidation 11 11 (22;15) 50 2 3
Bandarian-Balooch & Neumann . 23.24
(2011) Multiple Contexts 16 17 (5.51) 67.68 1 0
Bandarian-Balooch et al. (2012) Multiple Contexts 17 17 (521'2) 71.15 1 0
Coelho et al. (2015) Deepened Extinction 25 26 (2325868; 50.98 1 1
Culver et al. (2015) Deepened Extinction 18 18 19.2 70 32.9 1 1
Culver et al. (2018) Occasional 19 20 192 7692 353 1 7
Reinforcement
Dibbets & Maes (2011) Retrieval Cues 19 21 (2 41'0665; 83.06 1 0
Dibbets, Havermans, & Arntz (2008) Retrieval Cues 17 16 (2116181) 72 1 0
Dunsmoor et al. (2014) Multiple Contexts 15 14 51.16 1 1
21.3
Engelhard et al. (2015) SB Removal 41 33 2.7) 73.27 1 0
. 24.14
Hermann et al. (2020) Multiple Contexts (2.4) 0 1 7
Kindt & Soeter (2013) Reconsolidation 67.5 2 1
. . 24.95
Klein et al. (2021) Attention 35 30 (4.04) 80 1 3
Krisch, Bandarian-Balooch, & . 24.78
Neumann (2018) Multiple Contexts 17 19 (9.06) 73.72 1 0
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Stud Inhibitory Retrieval IIQQI!EiE\?QI Eianoqsirrg I\;I‘ee;n % % # Ext. Time to
y Strategy? P g Female White Sessions FU (days)

n n (SD)

Krypotos & Engelhard (2019) Deepened Extinction 24 24 (2215986; 50 1 0

Lietal. (2017) Reconsolidation 20 20 58.75 1 1

Lovibond et al. (2009) SB Removal 30 27 64.62 1 0
N 18.93

Marks & Zoellner (2014) Reconsolidation 43 55 (1.04) 60.1 49.3 1 1

Neumann, Lipp, & Cory (2007) Multiple Contexts 16 16 20.67 60.42 1 0
) . 25.62

O’Malley & Waters (2018) Attention 19 20 (9.07) 58.7 1 0

. Occasional

Quintero et al. (2022) Reinforcement 82.20 1 1

Restrepo-Castro et al. (2017) SB Removal 24 24 56.25 1 2
20.33

Scheveneels et al. (2019a) SB Removal 36 36 (3.04) 79.17 1 0
N 22.31

Scheveneels et al. (2019b) Variability 32 32 (6.04) 82.81 1 1

Schiller et al. (2010) Reconsolidation 20 22 1 1
21.08

Sevenster et al. (2012) SB Removal 19 18 (2.61) 68.33 1 0

Soeter & Kindt (2012) Reconsolidation 12 12 (230'5% 87.5 1 0

Soeter & Kindt (2015) Reconsolidation 15 15 (230;?) 73.3 1 0

Steinfurth et al. (2014) Reconsolidation 23.21 57.5 1 1
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Stud Inhibitory Retrieval IIQQI!EiE\?QI Eianoqsirrg I\;I‘ee;n % % # Ext. Time to
y Strategy? P g Female White Sessions FU (days)
n n (SD)
Thompson & Lipp (2017) Reconsolidation 24 24 (2319651) 61 1 0
Occasional 24.39
Thompson et al. (2018) Reinforcement 28 28 (7.71) 53.57 1 1
Van Uijen etal. (2018) SB Removal 21 21 (252'16233 64.06 1 0
Vervliet et al. (2010) chcas'ona' 16 16 875 1 0
einforcement
Volders et al. (2012) SB Removal 24 19 22 40.4 1 0
_— 20.8
Warren et al. (2014) Reconsolidation 12 13 (1.7) 63.64 1 1
N 235
Waters et al. (2018) Variability 18 16 (7.7) 76.47 1 0
N 20.04
Waters et al. (2021) Variability 32 32 (4.36) 70.7 1 0
Wei et al. (2018) Reconsolidation 21 21 20 (1)  80.95 1 1
Wong et al. (2020) EV 20 34 26.10  70.37 1 1
. 22.75
Wong et al. (2023) Multiple Contexts 16 15 (6.37) 65.57 1 1
. . 21.18
Zbozinek (2018) Positive Affect (1.94) 75 31.4 1 7
. N 21.95
Zbozinek & Craske (2018) Variability (3.51) 66.7 25.9 1 7
. . 20.39
Zbozinek et al. (2015) Positive Affect (2.66) 67.3 20.2 1 7
_— 19.78
Zhuang et al. (2017) Reconsolidation 13 24 (1.18) 62.16 1 1
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Note. Attention = attention to feared stimulus; EV = expectancy violation; Variability = hierarchy or stimulus variability; SB Removal = removal
of safety behaviors; SD = standard deviation.; # Ext. Sessions = number of extinction sessions. All studies consisted of a sample of healthy, non-
clinical participants.
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Table 2. Study 1 sample characteristics for each study included in the meta-analytic review of exposure outcomes.

Inhibitory

Mean

Time

. 0 o
Study Disorder S?I"r;pf)ele SR,[E:,';:S&/;,L Fler;?;lt:\t/glr)a E?(tsgsollizdn égDe) Ferfale Wﬁ)ite S#;sEsi(opris ;[gal;lsJ) 'E))/(Se
Blakeyél,.A(bzrgEc;witz et Specific Phobia Clinical SB Removal 30 30 (‘Z’éi) 85 68.3 4 30 In-vivo
B“Chho'éoBz'g;‘ey etal. gpecific Phobia  Clinical EV 15 15 (‘;’2:2) 867 756 1 30 In-vivo
Deaco'}'zgleg‘p etal  panic Disorder  Clinical SB Removal 30 30 (239'22) 817 892 1 7 Intero.
Deacon, Sy et al. (2010)  Claustrophobia ~ Analogue SB Removal 17 16 (11945) 84.8 97 1 7 In-vivo
E('Lf':gu‘%@ﬁzg)“ 0CD Analogue  Affect label 22 20 (21?'77) 77 1 7 Invivo
Goetz & Lee (2015) OCD Analogue SB Removal 25 22 (2733:; 71.6 74.6 1 In-vivo
Goetz & Lee (2018) OCD Analogue SB Removal 21 22 (24079; 83.6 47.8 2 14 In-vivo
Goggr‘:‘éagbﬁ‘sﬁg;o“ 0CD Analogue  Affect label 19 17 233 80.8 1 0 Invivo
Hood, égtloor;y etal. Specific Phobia  Analogue SB Removal 21 22 (264 62) 93.02 44 1 7 In-vivo
Jacobyélé(bzrgrlg(;witz et OCD Analogue Variability 21 19 (284 79) 70 62.5 3 90 In-vivo
Jessu;zz%zg;atunji Specific Phobia  Analogue OR 37 37 :(?2? 87.8 85.1 1 7 Video
Je?jﬁgugglgﬁé‘)”ji Specific Phobia  Clinical OcRén'Xeliltt' 42 53 (fg:g) 882  89.9 2 7 Video
Jess“&' QL@ﬁgﬁg‘g) etal. giecific Phobia  Clinical  OR, Affect label 37 33 (143f‘8) 759 704 2 7 Video
Kircagsrlgis,klgizezbg{gan, & Specific Phobia  Analogue Affect label 22 22 (2 40_65) 82 24 1 7 In-vivo
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. Sample Inh|b_|tory Inhibitory Standard Mean % % # Exp. Time Exp.
Study Disorder Type Retrieval Retrieval n  Exposure n Age Female White Sessions to FU Type
yp Strategy? P (SD) (days) yp
Knowles, Jessup, & L 28.2 .
Olatunji (2023) OCD Analogue Variability 38 35 (14) 83.6 63 1 7 In-vivo
Krause, Koerner, & : N
Antony (2022) Claustrophobia ~ Analogue EV 49 48 34.1 70.1 39.18 1 30 In-vivo
Lancaster, Monfils, & - . 19 .
Telch (2020) Specific Phobia  Analogue Deep. Ext 41 41 (1.6) 80 66.92 1 7 In-vivo
Lang & Craske (2000)  Specific Phobia ~ Analogue Mult. Context 17 17 19 50 41 1 30 In-vivo
Maples-Keller, Price et - . . 42.1
al. (2017) Specific Phobia Clinical Reconsol. 45 44 (11.4) 78.9 73 4 365 VR
McGlade & Craske . . 19.7 .
(2021) Specific Phobia  Analogue Ment. Rehear 31 31 2.2) 85.48 24 2 7 In-vivo
Milosevic & Radomsky - . 26.1 .
(2008) Specific Phobia  Analogue SB Removal 31 31 (8.4) 77.42 1 0 In-vivo
Morgan & Raffle (1999) Social Anxiety/ Clinical SB Removal 14 14 32.5 46.67 10 0 In-vivo
. Public
Niles, Craske etal. Speaking Analogue Affect label 41 40 25 80 14 2 7 In-vivo
(2015) Anxiety (9.2)
Olatunji, Tomarken et - . 19.2 .
al. (2017) Specific Phobia  Analogue Mult. Context 19 18 (1.2) 71 1 0 Video
. . Public
Plaisted, Waite, & : 14.1 i
Creswell (2022) S,Al\or?ili(eltr;? Analogue Affect label 27 27 (0.6) 75.3 63 1 7 In-vivo
Powers, Smits & Telch . 21.1 .
(2004) Claustrophobia ~ Analogue SB Removal 17 11 (5.1) 86 74 1 14 In-vivo
RaChma’E’zg’;‘i;ra” etal. 0CD Analogue  SB Removal 40 40 206 75 2 In-vivo
Rowe & Craske (1998)  Specific Phobia  Analogue Mult.Stim 14 14 71.4 1 21 In-vivo
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Inhibitory

Mean

Time

. Sample . Inhibitory Standard % % # EXp. Exp.
Study Disorder Retrieval . Age . : to FU
Type Strategy? Retrieval n  Exposure n (SD) Female White Sessions (days) Type
R“b'”’(%gg‘;r etal. gocial Anxiety  Clinical Attention 11 10 226 619  66.67 2 7 VR
Shiban, Pauli, & i . .. 28
Muhlberger (2013) Specific Phobia Clinical Mult. Context 15 15 9.8) 100 100 1 0 VR
Shiban, (Szgel'g)om etal. gpecific Phobia  Clinical Mult. Stim 14 14 (242'37) 84 1 14 VR
Sloan & Telch (2002) Claustrophobia  Analogue SB Removal 12 16 19.7 93 76 1 14 In-vivo
(5.1)

Sy, Dixon etal. (2011)  Claustrophobia ~ Analogue SB Removal 19 21 (119;; 77.6 98.3 1 In-vivo
Telch, York et al. (2017)  Specific Phobia ~ Analogue Reconsol. 15 17 (2 41'43) 87.5 46.8 1 30 In-vivo
van degt glo%go'iqge'hard oCD Analogue  SB Removal 15 14 (22‘23) 79.3 2 14 In-vivo
van Uijen, van den Hout Healthy 21.7 .

etal. (2017) OCD controls SB Removal 22 22 3) 80.3 1 0 In-vivo
Vanstez:gcv)\ée%;)en etal Specific Phobia  Analogue Mult. Context 18 18 19.2 96.2 1 0 Video
Vermes, Ayres et al. .. 34.7 .

(2020) PTSD Clinical Reconsol. 21 21 9.8) 90.5 2 1 Imagin

Note. Affect label = affect labeling; Attention = attention to feared stimulus; EV = expectancy violation; Deep. Ext = deepened extinction; Ment.
Rehear = mental rehearsal; Mult. Context = exposure in multiple contexts; Mult. Stim = exposure to multiple stimuli; OR = occasional
reinforcement; Reconsol. = reconsolidation; SB Removal = removal of safety behaviors; Variability = hierarchy variability; OCD = obsessive-
compulsive disorder; PTSD = posttraumatic stress disorder; SD = standard deviation; VR = virtual reality; Imagin. = imaginary exposure; Video =
video-based exposure; Intero = interoceptive exposure.
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Table 3. Study 1 standardized mean effects by outcome

Analysis k n g SEd Var. 95%C.I. p 12
value (%)

Composite Effect Approach
Pre-Post Subjective 47 2,119 -0.06 .046 .002 -0.15-0.03 191 20
Pre-FU Subjective 40 195 0.05 .056 .003 -0.06-—0.16 370 35
Post-FU Subjective 38 1,695 0.07 .045 .002 -0.02-0.16 129 0
Pre-Post Behavioral 22 1065 0.02 .055 .003 -0.09-0.13 57 0
Pre-FU Behavioral 21 1,052 0.06 .058 .003 -0.05-0.18 276 8
Post-FU Behavioral 21 1,102 0.02 .056 .003 -0.09-0.13 725 0
Pre-Post Physiological 8 327 -0.02 .124 015 -0.26-0.22 .866 27
Pre-FU Physiological 10 443 0.08 .115 .013 -0.15-0.30 512 31
Post-FU Physiological 9 381 -0.10 .177 .031 -0.45-0.25 577 68

Primary Outcomes Effect Approach
Pre-Post Subjective 40 1,854 0.01 .061 .004 -0.10-0.13 812 41
Pre-FU Subjective 37 1,715 0.10 .066 .004 -0.03-0.23 119 50
**Post-FU Subjective 33 1528 0.13 .050 .002 0.03-0.23 .010 4
Pre-Post Behavioral 22 1065 0.04 .056 .003 -0.07-0.15 430 0
*Pre-FU Behavioral 21 1,052 0.12 .055 .003 0.01-0.23 .027 0
*Post-FU Behavioral 21 1,102 0.11 .057 .003 0.00-0.22 .053 5
Pre-Post Physiological 8 327 -0.01 .013 .017 -0.27-0.24 915 42
Pre-FU Physiological 8 381 -0.05 .139 .019 -0.32-0.22 725 43
Post-FU Physiological 9 381 0.09 .211 .045 -0.32-0.51 .666 76

Note. k = number of comparisons®; n = number of participants included in comparison; g =

Hedge’s g effect size; SEd = standard error of the effect size; Var. = variance; 95% C.I. = 95%
confidence interval; 12 = heterogeneity measure; df = degrees of freedom; *p < .05; **p < .01;

p < .10.

3 Number of comparisons exceeds number of total studies given that some studies included
multiple inhibitory retrieval conditions. In these instances, the comparison (i.e., standard

exposure control condition) was the same and only counted once towards final n.
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Table 4. Study 2 descriptive characteristics of participants within the single-context, multiple-

context, and multiple-context + fear-outcome exposure conditions.

Intervention Condition Single-context ~ Multiple-context Multiple-context +  F /2

exposure group  exposure group  fear-outcome

(n=34) (n=37) exposure group

(n=37)

Age 43.32 (13.62) 44.07 (12.46) 45.85 (15.89) 0.33
% Female 91.18(n=31) 83.78(n=31) 78.38 (n = 29) 2.04
% White 82.35 86.49 70.27 0.61
FSQ 100.76 (18.97)  102.02 (23.34) 100.69 (19.00) 0.05
BAI 18.42 (16.01) 22.31 (17.83) 16.62 (14.69) 1.30

Note. FSQ = Fear of Snakes Questionnaire. BAIl = Beck Anxiety Inventory. There were no
significant group differences in descriptive characteristics.
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Table 5. Study 3 descriptive characteristics of participants within the single-context, multiple-

context + fear-outcome, and multiple-context + affect labeling exposure conditions.

Intervention Condition Single-context ~ Multiple-context Multiple-context +  F /2

exposure group  + fear outcome affect labeling

(n=53) exposure group ~ exposure group

(n =46) (n=38)

Age 37.85 (12.51) 37.93 (13.37) 31.95 (13.34) 2.85
% Female 69.81 (n = 37) 69.57 (n = 32) 68.42 (n = 26) 3.67
% White 64.15(n=34) 54.35(n=25) 34.21 (n=13) 18.11
FSQ 102.24 (21.33)  106.72 (12.60) 98.39 (22.89) 1.94
BAI 24.85 (18.49) 19.80 (16.52) 27.46 (18.71) 2.01

Note. FSQ = Fear of Snakes Questionnaire. BAl = Beck Anxiety Inventory. There were no

significant group differences in descriptive characteristics.
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Table 6. Study 4 descriptive characteristics of participants within the multiple-stimulus, multiple-

context, and combined multiple-stimulus/multiple-context exposure conditions.

Intervention Condition MS exposure MC exposure MSMC exposure F /oy
group (n=46)  group group
(n = 46) (n=44)
Age 37.33(14.53)  37.33(13.89) 42.64 (15.12) 1.99
% Female 60.87 (N=28) 76.09(n=35)  61.36 (n=27) 5.70
% White 50.00(N=23) 63.04(n=29)  63.63 (n=28) 2.24
FSQ 104.52 (13.26)  102.72 (18.75)  101.32 (16.02) 0.45
BAI 25.17 (17.68)  21.98 (21.71) 27.09 (27.54) 0.59

Note. MS = multiple-stimulus/single-context group. MC = multiple-context/single-stimulus
group. MS/MC = combined multiple-stimulus/multiple-context group. FSQ = Fear of Snakes
Questionnaire. BAI = Beck Anxiety Inventory. There were no significant group differences in

descriptive characteristics
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Figure 1. PRISMA diagram for fear conditioning systematic review
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Figure 2. PRISMA diagram for exposure meta-analysis
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Figure 3. Study 1 comparison of effect sizes across time comparisons and levels of analysis for
composite outcomes (top) and primary outcomes (bottom).

Note. Pre = pre-exposure assessment, Post = post-exposure assessment, FU = follow-up
assessment. Error bars represent 95% confidence intervals for each comparison.

141



Standard Error

0.0

0.1

0.2

0.4

Funnel Plot of Standard Error by Hedges's g

Funnel Plot of Standard Error by Hedges's g

0.0 0.0
/
/
/
0.1 0.1 /
\
o h
0.2 0.2
J fa I
/ \
/ |
° 0.3 0.3
.
_/' .\.. / el ‘.0
\ / \
0.4 - 0.4 —
1.0 0.5 0.0 0.5 10 1.0 0.5 0.0 0.5 1.0 0.5 0.0 0.5
Hedges's g Hedges's g Hedges's g

Funnel Plot of Standard Error by Hedges's g

Figure 4. Study 1 funnel plots for significant subjective return of fear (left), significant behavioral changes from pre-exposure to
follow-up (middle), and marginally significant behavioral return of fear (right) primary outcome comparisons.
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[ Enrollment ]

CONSORT

TRANSPARENT REPORTING of TRIALS

Assessed for eligibility (n= 161)

A 4

Excluded (n=41)

+ Did not meet inclusion criteria (n= 18)
+ Declined to participate (n= 2)

+ Did not respond (n=21)

Randomized (h= 120)

A

[ Allocation J

v

Allocated to Multiple-Context + Fear-
Outcome Condition (n= 39)

+ Received allocated intervention (n=38)

+ Did not receive allocated intervention:

ineligible due to impaired vision
(n=1)

Allocated to Multiple-Context Condition
(n=43)

+ Received allocated intervention (n=40)
+ Did not receive allocated intervention

(n= 3): ineligible due to technology
(n=1), declined to participate (n=2)

Allocated to Single-Context Condition
(n=38)

+ Received allocated intervention (n=37)
+ Did not receive allocated intervention:

declined to participate due to
concussion (n=1)

[ Follow-Up ]

v

¢ Lost to follow-up: scheduling
difficulty (n=1)

¢ Discontinued intervention (n= 0)

¢ Lost to follow-up (n= 0)

¢ Discontinued intervention (n= 3):
scheduling difficulty (n=2); no
response (n=1)

¢ Lost to follow-up (n= 0)

¢ Discontinued intervention (n= 3):
scheduling difficulty (n=2); no
response (n=1)

[ Analysis ]

Analysed (n= 37)
+ Excluded from analysis (n= 0)

Analysed (n= 37)
+ Excluded from analysis (n= 0)

Analysed (n=34)
+ Excluded from analysis (n= 0)

Figure 5. Study 2 CONSORT flow diagram 143
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Figure 6. Study 2 number of Behavioral Approach Test (BAT) steps completed (left) and self-reported anxiety ratings (right) for the
three exposure conditions at pre-exposure, post-exposure, and the one-week follow-up. Error bars: +1 standard error.
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Figure 7. Study 2 self-reported expectancy ratings for the three exposure conditions at pre-
exposure, post-exposure, and the one-week follow-up. Error bars: +1 standard error.
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Figure 8. Study 2 attentional patterns during the MouseView.js task at post-exposure (top row)
and follow-up (bottom row) for the full sample. Dwell time (Y axis) is shown as percentage
difference for pleasant-neutral and threat-neutral trials. Positive values indicate a higher dwell
time on the affective image (i.e., approach) and negative values indicate a higher dwell time on
the neutral image (i.e., avoidance). The solid line represents the average dwell time for each
stimulus presentation and the shaded region represents a 95% confidence interval.
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Figure 9. Study 2 subjective distress ratings for each group during session one exposure (top) and
session two exposure (bottom). M + FO = multiple-cue + fear-outcome exposure condition; M =
multiple-cue alone exposure condition; S = single-cue exposure alone condition.
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Figure 10. Study 2 mediational model of the association between exposure condition, mean
distress (i.e., mean subjective units of distress ratings across both exposure sessions), and
number of behavioral approach task (BAT) steps completed at the one-week follow-up. Xi
represents the comparison between the reference group (single-cue exposure alone) and the
multiple-cue exposure alone group. X2 represents the comparison between the reference group
(single-cue exposure alone) and the multiple-cue + fear outcome exposure group. Paths ai2
represent the direct effects of exposure condition on mean distress in the model. Path b
represents the effect of mean distress on follow-up BAT steps completed. Dashed lines represent
the relative indirect effects of exposure condition on follow-up BAT steps completed for the X
and X2 comparisons. ** =p <.001; * =p < .01.
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[ Enrollment ]

CONSORT

TRANSPARENT REPORTING of TRIALS
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\ 4
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+ Received allocated intervention (n=50)

+ Did not receive allocated intervention:

ineligible due to technology (n= 2),
declined to participate (n=2)

Allocated to Multiple-Context + Affect
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+ Received allocated intervention (n=40)
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[ Follow-Up ]
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¢ Discontinued intervention: no
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(n=3)
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+ Excluded from MouseView analysis
(n=4)
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Figure 11. Study 3 CONSORT flow diagram
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Figure 12. Study 3 self-reported negative expectancy ratings for the three exposure conditions at
session 1 pre-exposure, session 1 post-exposure, session 2 pre-exposure, session 2 post-exposure,
and the one-week follow-up. Error bars: +1 standard error.
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standard error.
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Figure 14. Study 3 attentional patterns during the MouseView.js task at pre-exposure (top row),
post-exposure (middle row) and follow-up (bottom row) for the full sample. Dwell time (Y axis)
is shown as percentage difference for pleasant-neutral and threat-neutral trials. Positive values
indicate a higher dwell time on the affective image (i.e., approach) and negative values indicate a
higher dwell time on the neutral image (i.e., avoidance). The solid line represents the average
dwell time for each stimulus presentation and the shaded region represents a 95% confidence

interval.
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Figure 15. Study 3 subjective distress ratings for each group during session one exposure (top)
and session two exposure (bottom). FO = fear-outcome exposure group, AL = affect labeling
exposure group,; S = single-context exposure group.
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Figure 16. Study 3 mediational model of the association between exposure condition (fear
outcome vs. affect labeling groups), distress variability (i.e., standard deviation of subjective
units of distress), within-session habituation (i.e., peak distress minus distress at end of video 4),
and number of behavioral approach task steps completed at the one-week follow-up. ** = p <
01,*=p<.05.
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Figure 17. Study 4 CONSORT flow diagram
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Figure 18. Study 4 self-reported expectancy ratings for the three exposure conditions at pre-
exposure, post-exposure, and the one-week follow-up. S1 = Session 1. S2 = Session 2. Pre-ER =
Pre-exposure expectancy rating. Post-ER = Post-exposure expectancy rating. FU ER = Follow-
up expectancy rating for exposure stimuli. Error bars: +1 standard error.
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Figure 19. Study 4 number of Behavioral Approach Test (BAT) steps completed (left) and self-reported anxiety ratings (right) for the
three exposure conditions at pre-exposure, post-exposure, and the one-week follow-up. Error bars: +1 standard error.

157



Pleasant

50

Snake

Approach
40

30
20
10 g
-10

-30

Dwell percentage difference

First presentation
Stimulus repeat 1
Stimulus repeat 2

-20 B

~— First presentation
= Stimulus repeat 1
= Stimulus repeat 2
= Stimulus repeat 3

':Z' Avoldance Stimulus repeat 3
o 1 2 3 4 5 6 7 4 5 6 7 8 9 10
Time in trial (seconds) Time in trial (seconds)
. Pleasant Snake
Approach

40
30

-20
-30

Dwell percentage difference

First presentation
Stimulus repeat 1
Stimulus repeat 2

~ First presentation
= Stimulus repeat 1
= Stimulus repeat 2
= Stimulus repeat 3

-40 X
s Avoidance Stimulus repeat 3
o1 2 3 4 5 6 7
Time in trial (seconds)
Pleasant
0 Approach

40
30
20
10
0 P
-10
-20 —
-30
-40
-50

Dwell percentage difference

Avoidance

4 5 6 7 8 9 10
Time in trial (seconds)

Snake

First presentation
Stimulus repeat 1
Stimulus repeat 2
Stimulus repeat 3

0 1 2 3 4 5 6 7

Time in trial (seconds)

~— First presentation
= Stimulus repeat 1
= Stimulus repeat 2
= Stimulus repeat 3

4 5 6 7 8 9 10
Time in trial (seconds)

Figure 20. Study 4 attentional patterns during the MouseView.js task at post-exposure (top row)
and follow-up (bottom row) for the full sample. Dwell time (Y axis) is shown as percentage
difference for pleasant-neutral and threat-neutral trials. Positive values indicate a higher dwell
time on the affective image (i.e., approach) and negative values indicate a higher dwell time on
the neutral image (i.e., avoidance). The solid line represents the average dwell time for each
stimulus presentation and the shaded region represents a 95% confidence interval.
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Figure 21. Study 4 subjective distress ratings for each group during session one exposure (top)
and session two exposure (bottom). MS = multiple-stimulus, single-context exposure condition,
MC = multiple-context, single-stimulus exposure condition; MS/MC = combined multiple-
stimulus/multiple-context exposure alone condition.
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Figure 22. Study 4 mediational model of the association between exposure condition, mean
distress (i.e., mean subjective units of distress ratings across both exposure sessions), and
expectancy ratings at the one-week follow-up. X1 represents the comparison between the
reference group (multiple-context, single-stimulus exposure) and the multiple-stimulus, single-
context group. X2 represents the comparison between the reference group (multiple-context,
single-stimulus exposure) and the combined multiple-stimulus/multiple-context exposure group.
Paths a1 represent the direct effects of exposure condition on mean distress in the model. Path b
represents the effect of mean distress on follow-up negative expectancy ratings. Dashed lines
represent the relative indirect effects of exposure condition on follow-up expectancy ratings for
the X1 and X2 comparisons.

**=p<.001;*=p<.05.
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