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Abstract 

 Research from recent decades has highlighted the distinction between excitatory and 

inhibitory Pavlovian learning mechanisms. Based on this distinction, state-of-the-art exposure 

therapy for anxiety disorders emphasizes inhibitory learning and retrieval as its primary 

mechanism for long-term reduction in fear, anxiety, and avoidance. Seven years ago, we (Craske, 

et al., 2014) summarized exposure therapy from an inhibitory learning approach, focusing on eight 

exposure optimization strategies. Here, we update this model based on recent work and describe 

how to conduct exposure therapy from an inhibitory retrieval approach and encourage further 

empirical investigation of its basic premises. To this end, we guide the reader in the use of the 

OptEx Nexus: a clinician’s tool for conducting exposure therapy from an inhibitory retrieval 

approach. We categorize exposure strategies as fundamental (expectancy violation, attention to 

feared stimulus/situation, removal of safety signals, and mental rehearsal after exposure), 

advanced (deepened extinction, occasional reinforced extinction), and promoting generalization 

of learning (retrieval cues, multiple contexts, stimulus variability, positive affect). We additionally 

discuss extinction learning with distal future feared outcomes, the role of avoidance, and 

alternative models/approaches to exposure therapy, including counterconditioning, novelty-

enhanced extinction, latent cause models, and reconsolidation. Lastly, we illustrate clinical 

implementation via vignettes of exposure therapy from an inhibitory retrieval approach (see 

Supplemental materials). 
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A. Preface 

A number of years ago, we began to question habituation-based models of exposure 

therapy – models that firmly placed within-exposure fear reduction as the critical determinant of 

long-term fear reduction along with the guiding principle of “stay in the situation until fear 

subsides.” We began questioning this perspective based on clinical observations and advances 

in the science of fear extinction. Clinical observations revealed that fear reduction during a given 

exposure trial was not predictive of long-term outcomes of exposure therapy.. Combined with 

these clinical observations was accumulating evidence for inhibitory retrieval-based models of 

extinction learning, in which extinction was understood to result from the development of new 

representations in memory that compete with but do not erase original fear memories (Bouton, 

1993; Bouton, 2002). The intact original fear memory is detectable under certain conditions, 

leading to a return of expressed fear, independent of how much fear declined during extinction or 

exposure. Consequently, we developed an inhibitory retrieval approach to exposure therapy that 

combined prediction error models for the formation of extinction learning with strategies to 

minimize retrieval of the original fear memory (Craske et al., 2014; Craske, Kircanski, et al., 

2008).1 The goal of this paper is to update our inhibitory retrieval model for exposure therapy with 

the latest evidence from basic extinction learning and clinical trials in order to refine our 

therapeutic strategies. We give more recognition to the role of avoidance behavior, since the 

return of fear alone is likely to subside with continued extinction trials, but becomes a critical 

pathway to full relapse when accompanied by avoidance behavior that prevents reparative 

extinction. We also consider alternative models of memory modification, including 

counterconditioning and novelty-enhanced extinction, as well as clinical conditions involving 

                                                           
1 We originally used the term “inhibitory learning”, but have now changed to inhibitory retrieval 
given that the extant literature demonstrates extinction learning does not transform the 
conditional stimulus into a conditional inhibitor. Rather, retrieval of the extinction memory 
“inhibits” retrieval of the original fear memory.  
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uncertain future threat, where additional mechanisms from associative learning theory can be 

appropriately leveraged during exposure therapy. Theoretical bases and empirical evidence for 

each therapeutic strategy are complemented by clinical application.  Finally, we consider the 

relevance of alternatives to inhibitory retrieval models, such as latent state models and the 

sometimes opponent process (SOP) model. 

B. Inhibitory Retrieval Model of Extinction 

Exposure therapy involves repeated confrontation with feared stimuli (objects, situations, 

interoceptive cues, or memories) in the absence of the feared outcome.  Procedurally, this is 

equivalent to fear extinction, in which the conditional stimulus (CS) that was previously paired with 

an aversive outcome (unconditional stimulus, US) is repeatedly presented without being followed 

by the US. The inhibitory retrieval model of extinction posits that the original CS-US association 

acquired during fear conditioning is not erased during extinction, but rather is left intact as new, 

secondary learning about the CS-US association develops – specifically, that the CS no longer 

predicts the US (Bouton, 1993). Consequently, the CS possesses two meanings following 

extinction: the original excitatory meaning (CS-US) and a new inhibitory meaning (CS-noUS). The 

inhibitory retrieval model posits that retrieval of the extinction memory inhibits retrieval of the 

original excitatory memory.2  

Research into the neural mechanisms of extinction learning supports this dual model, 

since the neurocircuitry underlying fear excitation (including basolateral and centromedial nuclei 

of the amygdala, dorsal anterior cingulate cortex, and insular cortex) is distinct from the 

neurocircuitry underlying fear inhibition, particularly at extinction retrieval (including the 

hippocampus and ventromedial prefrontal cortex) (Bouton et al., 2021)3. The hippocampus is 

                                                           
2 This is not to be confused with the development of conditional inhibitory properties of the CS 

during deepened extinction (Leung, Reeks, & Westbrook, 2012), which is a different process. 
3 Notably, several human fear conditioning studies have failed to detect significant amygdala 

activation, perhaps due to reduced threat salience or an inability of fMRI to detect transient 
amygdala responses (Fullana et al., 2016; Fullana et al., 2018; Somerville et al., 2012). Other 
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believed to play a critical role in the contextualization of extinction memories. Arguably, when the 

test context is sufficiently similar to the extinction context, the hippocampus signals the vmPFC 

to activate local inhibitory networks in the amygdala that downregulate the centromedial nucleus 

and downstream fear reactions (Greco & Liberzon, 2016; Maren & Holmes, 2016). 

Retention of at least part of the original excitatory association can be uncovered in several 

ways, each of which maps onto the return of fear following exposure therapy, or elevated fear 

upon re-encountering the stimulus that had been the target of exposure therapy relative to fear 

levels at the end of the last trial of exposure. First is spontaneous recovery, or increased strength 

of the conditional fear response in proportion to the amount of time since the end of extinction 

(Quirk, 2002). Clinically, this effect parallels return of fear with the lapse of time since the most 

recent exposure. Second, because extinction learning is modulated or gated by context (Trask et 

al., 2017), renewal of conditional fear occurs if the surrounding context is changed between 

extinction and retest (e.g., ABA, ABC, or AAB renewal) (Bouton, 2002). These effects have been 

observed experimentally in clinical analog samples undergoing exposure therapy and follow-up 

testing in the same versus different contexts (e.g., Balooch et al., 2012; Craske, Fanselow, et al., 

2019). The clinical exemplar is increased fear as the target of exposure therapy is encountered 

in new circumstances either between exposure sessions or after exposure therapy ends. Third, 

reinstatement of conditional fear occurs if unsignaled US presentations occur after extinction 

(Haaker et al., 2014); by implication, adverse events following exposure therapy may lead to a 

return of fear if the previously feared stimulus is encountered in the context in which the 

unsignaled US occurred. A clinical exemplar is increased fear of speaking in meetings at work 

following an unexpected confrontation by an angry coworker. Fourth, reacquisition of fear occurs 

when CS-US pairings are repeated following extinction (Zbozinek & Craske, 2017), as may occur 

if a client is retraumatized in a violent home situation. The processes that uncover retention of the 

                                                           
work has suggested a more prominent role for amygdala activation during an aversive US (e.g., 
shock) rather than during anticipation (i.e., CS+) (Klumpers et al., 2017). 
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fear memory offer pathways through which exposure therapy can be optimized to reduce the 

return of fear (Craske et al., 2014; Craske, Kircanski, et al., 2008). Inhibitory retrieval models of 

extinction point to the importance of a) developing associations during exposure therapy that 

compete with initial excitatory associations, and b) augmenting their retrievability to mitigate return 

of fear through spontaneous recovery, context renewal, reinstatement, and reacquisition of 

conditional fear.  

Although not a topic of the current paper, individuals at risk for or suffering from anxiety 

show various signs of deficits in inhibitory regulation (Jovanovic et al., 2012) and processes of 

extinction learning (Cooper et al., 2018; Duits et al., 2015; Lissek et al., 2010), including 

dysregulation in neural regions implicated in long-term extinction learning (vmPFC) (Lissek et al., 

2014). These deficits are posited to contribute to the spread and persistence of fear and anxiety 

and thereby the onset of anxiety disorders ( Craske et al., 2018). Consequently, the very 

processes central to exposure therapy — extinction learning and its subsequent retrievability — 

may be impaired in individuals with anxiety disorders. This may, in part, explain exposure therapy’s 

lower-than-desired response rate and higher-than-desired return of fear rate (Craske & Mystkowski, 

2006; Loerinc et al., 2015). In support, extinction learning positively predicts response to exposure 

therapy in adults and children (Forcadell et al., 2017; Geller et al., 2019; Waters & Pine, 2016), 

including neural markers of extinction (Helpman et al., 2016; Lange et al., 2020).  

C. Optimizing Extinction Learning during Exposure: Basic Principles   

Extinction learning is posited to occur as a function of prediction error or mismatch 

between high US expectancy (either explicit or implicit) and low actual rate or frequency with 

which US occurs (Rescorla & Wagner, 1972). Learning occurs when outcomes are “surprising”. 

Following this principle, strong mismatches or disconfirmation of expectancies for threatening 

outcomes is hypothesized to shape extinction memories. Recent rodent studies discovered that 

a specific ensemble of dopaminergic neurons in the midbrain (the ventral tegmental area) emits 

neural firing patterns that capture the prediction error signal in fear extinction. If these neurons 
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are silenced at the exact moment of prediction error (i.e., point of omission of the expected 

aversive US), extinction learning is completely prevented (Kalisch et al., 2019). This is in line with 

other prediction error studies in the context of reward learning ( Schultz, 2016). Thus, the ventral 

tegmental area is the site of prediction error in the brain that signals a better-than-expected 

outcome: an unexpected reward or an unexpected omission of threat.  

The Rescorla-Wagner model correctly emphasized prediction error as the motor of 

extinction learning, but incorrectly emphasized unlearning of the excitatory CS-US association. 

An ensuing wave of prediction error learning theories made adjustments to the original formula 

so that the prediction error builds a competing inhibitory association instead of erasing the old 

excitatory association, as outlined in the inhibitory retrieval model (Bouton, 1993; Pearce & Hall, 

1980); for recent implementations, see Zbozinek et al., 2020). In the inhibitory retrieval model of 

exposure therapy, prediction error is the critical process for generating new extinction learning 

that is stored in memory and competes with original fear learning. In support, neural responses 

indicative of prediction error during extinction learning predict exposure therapy outcome for 

phobias (Lange et al., 2020). However, further empirical investigation is needed to establish the 

degree to which focusing on prediction error during exposure therapy improves its efficacy over 

other approaches (e.g., habituation). 

D. Associative Map: OptEx Nexus 

Consistent with the learning theory approach to exposure therapy, a comprehensive map 

of associations is needed to generate exposures that maximally violate expectancies (i.e., 

prediction error). The associative map, which we call the OptEx (Optimal Exposure) Nexus, 

determines all factors that affect the expectancy for a given CS-US association: aversive outcome 

(the US), predictors (CSs), occasion setters, and inhibitors (safety signals) (see Figure 1, and 

Supplemental Materials). These factors combine into an “ultimate exposure,” or the exposure with 

the highest possible US expectancy for a given nexus. The OptEx Nexus replaces the traditional 

fear hierarchy which ranks situations in terms of fear levels.  
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D.1. OptEx Nexus: Unconditional Stimulus 

An OptEx Nexus map is created for each independent feared outcome (i.e., US). For 

example, one OptEx Nexus is generated for the rapid heartbeat-heart attack association and 

another is generated for the audience-rejection association in the case of comorbid panic disorder 

and social anxiety disorder. Building the OptEx Nexus begins with identifying the US, or a 

biologically significant event (physical catastrophe, social catastrophe, mental catastrophe), by 

asking individuals to identify their feared outcome (the US), being as specific and objectively 

testable as possible. The goal of exposure is to “test out” whether the feared outcome occurs or 

not, and hence testability is critical. In cases where the feared outcome is “intolerable distress”, 

further specification is needed (e.g., how would one know if the distress was intolerable?). The 

concept of intolerable distress is fundamentally different from the concept of “distress tolerance” 

discussed in other models such as dialectical behavior therapy. Herein, “intolerable distress” is 

confined to those cases where the client expects to become physically or mentally incapable of 

functioning in the face of distress. Thus, tests of goal-directed actions (e.g., being able to hold a 

conversation, complete a simple task) are employed as indicators of US non-occurrence.  

  
Figure 1: OptEx Nexus map of associations Jo
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Identifying the US correctly is essential. The extant literature on Pavlovian learning 

suggests that Pavlovian associations are relatively cue- and outcome-specific (although 

generalization can occur along perceptual or semantic lines) (Debiec et al., 2010). Failure to 

identify the central innately aversive outcome could leave pathological CS-US associations intact. 

For example, if “panic attack” was misidentified as the US in persons with panic disorder, then 

excitatory associations between physical sensations (e.g., rapid heartbeat, panic attacks) and 

catastrophic outcomes (e.g., death) could remain without effectively competing inhibitory 

associations. Similarly, blushing in social situations is a conditional response whereas social 

rejection is the US, and thus exposures are best designed to test out whether rejection occurs or 

not (vs whether blushing occurs or not). [see Future Unconditional Stimuli for a discussion of 

unconditional stimuli that are thought to occur after a significant length of time following the CS]. 

D.2. OptEx Nexus: Excitatory Conditional Stimuli and Positive Occasion Setters 

The principal CS – the stimulus thought to most directly predict occurrence of the US here 

and now – is the most critical target for exposure therapy. Unlike laboratory investigations, 
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clinicians rarely have access to the original CS (e.g., desert in a war zone, agent of social ridicule), 

or are not always aware of the original CS, and it may be unethical/unsafe to conduct exposure 

to such a stimulus. Rather, exposure typically entails generalization stimuli (GSs) that are 

perceptually, associatively, or semantically related to the original CS. As an example, exposure 

may be conducted to males who hold positions of authority (GS) similar to a male teacher (CS) 

who inflicted social ridicule (US). The one exception may be panic disorder, where physical 

sensations (CS) can be recreated. Generally, extinction with a GS is less effective than extinction 

with the original CS, to the extent that it generalizes weakly to the original CS+ or other GSs ( 

Vervoort et al., 2014; Wong & Lovibond, 2020; Zbozinek & Craske, 2018). On the other hand, a 

GS that evokes equal or greater US expectancy than the original CS can improve generalization 

of extinction (Struyf et al., 2018). Thus, we recommend the original CS whenever it is available 

and safe/ethical to use, and otherwise the GS that evokes the highest US expectancy. Note that 

the GS with the highest US expectancy may not be the GS that shows most physical resemblance 

to the original CS. For example, a male co-worker may bear greater physical semblance to a 

highschool teacher who ridiculed students, and yet be considered less likely to ridicule than 

another co-worker known for their sarcastic comments. Our goal is to identify the “principal CS” – 

or, the stimulus that is most predictive of the US – and repeatedly expose to this stimulus 

throughout treatment. 

Conditional stimuli directly predict the presence (CS+) or absence (CS-) of the US. 

Conversely, occasion setters modulate the predictive CS-US association (Bonardi et al., 2017; 

Fraser & Holland, 2019; Trask et al., 2017). Occasion setters disambiguate the meaning of CSs 

by either amplifying (i.e., positive occasion setter) or weakening (i.e., negative occasion setter) 

the CS/US association (Bouton, 1993; Bouton, 2002; Fraser & Holland, 2019; Zbozinek et al., 

2021). As an example, a person might believe that rapid heart rate (CS) is much more likely to 

result in a heart attack (US) while away from home (positive occasion setter), and much less likely 
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to result in a heart attack when with a loved one (negative occasion setter). Occasion setters often 

are contextual factors (e.g., location, time) but can be discrete stimuli (e.g., objects, people). 

Conducting extinction/exposure to the occasion setter alone (i.e., without the CS) is 

ineffective at extinguishing the CS or the occasion setter/CS combination (Holland, 1989, 1991; 

R. A. Rescorla, 1986). Using the example above, exposures to being away from home without 

rapid heart rate will not extinguish fear of rapid heart rate (CS) nor fear of rapid heart rate while 

away from home (CS/positive occasion setter). This is because the influence of an occasion setter 

upon the CS-US association is independent of its direct association with the US. Exposures 

should always include the CS+ and ideally include both the CS+ (which directly predicts the US) 

and positive occasion setters (which amplify the CS-US prediction), while omitting negative 

occasion setters, since the combination approaches the maximum potential for predicting the US, 

and thereby permits the greatest prediction error. Classification of predictors as either CS or 

occasion setters (OS) is included in the OptEx Nexus.   

D.3. OptEx Nexus: Conditional Inhibitors and Negative Occasion Setters 

We identify two types of safety signals: conditional inhibitors (that directly predict non-

occurrence of the US) and negative occasion setters (modulatory stimuli that reduce the likelihood 

that the CS will lead to the US). These stimuli reduce expectancy and thereby mitigate predictor 

error extinction learning. For example, the association between rapid heart rate (CS) and heart 

attack (US) might be blocked by anxiolytic medication (conditional inhibitor) or by restorative sleep 

that is believed to prevent a rapid heart rate from producing a heart attack (negative occasion 

setter). Similarly, a trusted companion (conditional inhibitor) or over-preparing what to say 

(negative occasion setter) may reduce the risk that introducing oneself to a stranger (CS) will 

result in social humiliation (US). The distinction between conditional inhibitors and negative 

occasion setters is not essential for exposure therapy, since safety signals are removed 

regardless of whether they are a CS- or negative occasion setter (see Removal of Safety Signals 

and Behaviors below). 
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D.4. OptEx Nexus: Exposure Plan 

The “ultimate exposure” is the optimal prediction error test that includes all conditional 

excitatory stimuli in the presence of positive occasion setters and removes all conditional 

inhibitors and negative occasion setters. Note, however, that an ultimate optimal exposure would 

be initiated only after conducting exposure to each of the conditional excitatory stimuli separately 

(see Deepened Extinction). After generating the OptEx Nexus, the ‘expectancy rating’ is 

introduced: a 0-100 point scale of expectation for the feared outcome (i.e., US): 0 = will not occur, 

25 = unlikely but could occur; 50 = may or may not occur, 75 = probably will occur, 100 = definitely 

will occur. Since US expectancies may be deflated by reflective processes, we encourage 

immediate or “gut reaction” when making expectancy ratings. We typically design the initial 

exposure plan (see Figure 2) to elicit an expectancy rating of at least 60. The exposure experience 

is, of course, unreinforced or devoid of the feared outcome (with the exception of Occasional 

Reinforced Extinction). Since prediction error depends on discrepancy between expected and 

actual (non)occurrence of the US, there is little value to exposures with low expectancy ratings. 

In other words, little learning occurs when the chance of the feared outcome is only slightly above 

chance.  Note, expectancy ratings differ from subjective units of distress (i.e., SUDS). High 

distress in the absence of high expectancies, which is not uncommon (e.g., in response to 

occasion setters alone) would be insufficient for an inhibitory exposure task.  

As with any evidence-based intervention, treatment credibility, expectancy, and building a 

warm and validating therapeutic relationship are an important component of treatment. In our 

experience, a carefully presented treatment rationale is essential for generating sufficient 

motivation and trust, after which we endeavor to commence with higher expectancy exposures 

as soon as possible, even with significantly distressed clients. There appears to be no benefit to 

gradual approaches to exposure in analog, but nonetheless highly fearful, samples (Lang & 

Craske, 2000; Rowe & Craske, 1998). However, if the clinician believes the benefits of conducting 

a lower expectancy initial exposure outweigh the costs of a higher expectancy exposure (e.g., the 
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client explicitly states they are at risk of dropping out of therapy because of unwillingness to do 

the exposure), then it may be appropriate to start with an easier exposure. The potential cost of 

engaging in lower expectancy exposures for too long is that clients unsurprisingly may not see 

therapeutic progress, which could lead to dropout. At this time, our recommendation is to start 

with higher expectancy exposures unless otherwise indicated. Further research is needed to 

determine the degree to which higher expectancy exposures impact drop out in clinical samples.  

Figure 2: Inhibitory Exposure Plan Worksheet

 

 

E. Foundational Extinction Strategies 
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 The following sections detail basic strategies for exposure, including a) enhancing 

expectancy violation, b) enhancing attention to the CS, c) removing safety signals, and d) 

enhancing post-extinction memory consolidation.  

E.1. Prediction Error-Violation of Expectancy during Exposure 

Prediction error is maximized by designing exposure tasks that provide the most potent 

disconfirmatory experiences. The phrase “Test it Out” is helpful for conveying the rationale (“it” 

being the aversive outcome). We design exposures to test out whether the feared outcome (US) 

occurs, ensuring that each exposure includes conditional stimuli that raise expectancy of the 

feared outcome while removing conditional inhibitors or negative occasion setters that block that 

expectancy. Note that cognitive restructuring of threat overestimation prior to exposure may 

reduce US expectancy and consequently net change in associative strength, thereby mitigating 

prediction-error extinction learning. Hence, cognitive interventions designed to lessen 

probabilities (e.g., “I am unlikely to be bitten by the dog”) and negative valence (e.g., “It is not so 

bad to be rejected”) may be deleterious when employed prior to or during exposures. However, 

further research is needed to elucidate the impact of including versus excluding cognitive 

restructuring prior to exposure and extinction learning.   

“Testing it out” exposure tasks focus upon critical learning incidents rather than fear 

reduction. Following exposure, learning is consolidated by in depth questioning about what was 

learned regarding non-occurrence of the feared outcome.  Such discussion requires objectively 

testable ways of knowing whether or not the US occurred. Since testability can be obfuscated by 

anxious threat-laden interpretations, concrete behavioral indicators of US occurrence are 

established in advance of exposure. Examples include specific comments, facial expressions, 

tone of voice, or termination of social interactions for social rejection; and completion of goal-

directed actions for loss of control, going crazy or intolerable distress. Multiple indicators offset 

anxious tendencies to selectively attend to sources of data consistent with prior expectations over 

disconfirmatory data (e.g., Bar-Haim et al., 2007).  
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Exposure continues for the length of time predetermined as an adequate test of a stated 

expectancy. For example, if social rejection is expected to definitely occur after 10 minutes of 

participating in a group discussion, then optimal exposure would continue for an agreed upon 

time longer than 10 mins, such as 15 minutes (expectancy prior to exposure= 100, prediction 

error is maximal). Most clients are unwilling to begin with 100% expectancies, and use graduated 

exposure. Following the prior example, exposure may begin with 8 min group discussion 

participation (expectancy rating=60) and progress as quickly as possible to 15 min participation. 

Overall, highest expectancy exposures are encouraged.  

Supportive evidence for expectancy violation is accruing. In an initial study with an 

acrophobic sample, as much long-term benefit occurred at follow-up with just one trial of 

‘expectancy disconfirming’ exposure compared to repeated trials of ‘non-disconfirming’ exposure 

each day (Baker et al., 2010). In another study for individuals with elevated anxiety sensitivity, 

interoceptive exposure that continued until expectancy for an aversive outcome reached less than 

5% was superior to standard (i.e., fear reduction-based) interoceptive exposure ( Deacon et al., 

2013). In a large sample of mixed anxiety disorders (N=605), the extent to which expectancies 

changed from before to after exposure trials and the associated learning rate predicted greater 

overall symptomatic improvement (Pittig et al., under review).  

More research is needed to fully validate the value of expectancy violation. Part of the 

research agenda is measurement, which has been limited thus far to conscious appraisals of 

expectancy for the feared outcome immediately before and after each exposure trial. Conscious 

appraisals are susceptible to biases and may not capture the full extent of prediction error 

(Willems & Vervliet, 2021). Implicit measures appear to measure different aspects of associative 

memory (Schultz et al., 2013; Zeng et al., 2014). Different brain regions have been associated 

with implicit fear generalization and discrimination processes (e.g., amygdala and insular cortex) 

versus explicit associative recognition (e.g., hippocampus), which has fueled discussion of dual 

processes in defensive responding (LeDoux & Pine, 2016) (although see Fanselow & Pennington, 
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2018). Implicit measures of cognitive processes (e.g., implicit association tests) have been mostly 

limited to evaluative conditioning (e.g Vanaelst et al., 2016) with only a few investigations of 

associative conditioning (see Vansteenwegen et al., 2006). There is a need for further 

investigation of implicit association tests to measure change in associative memory throughout 

the course of exposure therapy, especially since such tests are feasible in clinical settings. In the 

context of exposure treatment, the key question is what predicts long-term outcomes, or return of 

fear; is it change in explicitly stated expectancies, change in implicit measures, both?  

A second important issue is the timing of prediction error. Obviously, prediction error is 

important only insofar as it serves to generate an inhibitory association. When is it most effective? 

Temporal features have been far from well-studied in humans, and there is a need to continue 

measurement of explicit and implicit associations for the hours and days beyond an exposure 

trial. One fMRI study found that prediction-error-related neural activations from early extinction 

trials were spontaneously replayed forty-five minutes after completion of the extinction phase. The 

number of reactivations predicted long-term fear extinction, as measured one day later (Gerlicher 

et al., 2018). This suggests that the early consolidation interval after an exposure trial may be 

critical for transitioning prediction errors into long-term associative updating. Other data point to 

the value of consolidation processes during sleep (Davidson & Pace-Schott, 2020) and the 

possible benefits of allowing rest or even a nap after an exposure trial to boost the effects of the 

prediction error (Pace-Schott et al., 2018). 

E.2. Attention to CS   

Error-correction models (e.g., Rescorla & Wagner, 1972) posit that any change in 

associative strength (e.g., extinction learning) will be directed to the cue that is most salient 

(Mackintosh, 1975; Pearce & Hall, 1980). Although models differ regarding whether predictive 

(Mackintosh, 1975) or uncertain stimuli (Pearce & Hall, 1980) receive the most attention, they 

agree that learning affects attentional salience of the CS. This may be one reason why distraction 

is such a pernicious safety behavior, as it can reduce awareness of the CS or the CS-no US 
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relationship. It may also explain evidence for anxious individuals who show more attentional bias 

towards threat to achieve better exposure therapy outcomes than individuals with less bias (Barry, 

Sewart, et al., 2015; Barry, Vervliet, et al., 2015).  

Experimental evidence for the role of attention/distraction during exposure has been mixed. 

A meta-analysis indicated that uninstructed exposure outperformed distracted exposure but under 

specific conditions, distracted exposure outperformed focused exposure (Podină et al., 2013). 

More recently, distraction in one 20-minute exposure to a contaminant had no detrimental effects 

on fear outcomes and even improved self-efficacy (Senn & Radomsky, 2018).  Yet, the unknown 

of how much attention to the critical CS was fully distracted or engaged in these studies confounds 

the findings. Since attention is essential to learning under any condition, we encourage clients to 

focus on the CS. For example, clients with panic disorder are repeatedly urged to direct their 

attention towards the physical sensations being evoked by interoceptive exposure, clients with 

social anxiety disorder may be asked to maintain eye contact with the individual with whom they 

are conversing, and veterans with post-traumatic stress disorder may be asked to focus on the 

sound that reminds them of a war zone. We use the phrase “Stay with It” to convey the need to 

attend to the CS during exposure.  

  E.3. Removal of Safety Signals and Behaviors   

Essential to prediction error is removal of safety signals or safety behaviors, which most 

commonly function as conditional inhibitors (CS-s) or negative occasion setters (e.g., presence 

of a trusted person, cell phones, medications, or stable structures). Of note, for persons who 

expect aversive outcomes contingent upon fear (i.e., individuals with social anxiety who expect 

humiliation from their expression of fear), reduction of fear itself could be a safety signal. In 

laboratory studies, safety signals protect from extinction (Lovibond et al., 2000) - an effect that is 

in part attributed to interference with prediction error learning. Specifically, attribution of absence 

of the feared outcome to safety signals (i.e., safety signals “soak up” the prediction error) 
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minimizes prediction error. For example, a socially anxious client might think, “I didn’t get rejected 

when I asked for directions, but that was only because I rehearsed what I would say.” 

Evidence regarding the effects of safety signals in exposure therapy is equivocal. On the 

one hand, availability and use of safety signals and behaviors has been shown to be detrimental 

to exposure therapy (e.g., Goetz & Lee, 2015), whereas instructions to refrain from safety 

behaviors were found to improve outcomes (Salkovskis, 1991). On the other hand, use of hygienic 

wipes following exposure for individuals with contamination fears did not lead to more 

spontaneous recovery of fear or disgust than exposure without hygienic wipes (Rachman et al., 

2011). Others have similarly shown no detrimental effects of safety behaviors or their availability 

during exposure for claustrophobic fear (e.g., Sy et al., 2011) or spider fear (Blakey et al., 2019). 

The equivocal nature of the findings may reflect variations in the ratio of inhibition and 

excitation. Some safety signals completely eliminate US expectancy but most decrease 

expectancy only to a certain degree. When a safety signal is on board, the amount of prediction 

error will depend on the excitatory strength of the CS minus the inhibitory strength of the safety 

signal. Hence, some extinction may occur with “less effective” safety signals, and lack of 

ascertainment of their efficacy in the aforementioned studies confounds interpretation of the 

results. In accord with prediction error principles, we recommend removal of all safety 

signals/behaviors, with gradual phasing only when clients are otherwise unwilling to complete 

exposures. The phrase “Throw It Out” conveys the need to reduce safety behaviors.  

            E.4. Mental Rehearsal of Extinction Learning Immediately After Exposure   

Mental rehearsal of CS-US associations contributes to sustained conditional fear 

responding (Joos et al., 2013), and mental rehearsal is important for memory consolidation more 

generally (Meeter & Murre, 2004). Hence, mental rehearsal of CS-noUS associations may 

enhance consolidation and later retrieval of extinction learning. Indeed, post-trial rehearsal has 

been proposed in memory models of conditioning as a process of enhancing learning (Grant, et 

al., 1984; Wagner, 1973, 1981). For these reasons, following each exposure trial, we consolidate 
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learning by questioning of what was learned regarding the non-occurrence of the feared outcome 

(US), discrepancies between what was predicted and what occurred, and the degree of “surprise” 

from the exposure practice (see Figure 3). Details of non-occurrence of the US following exposure 

and the non-predictive relationship between the CS and US are encouraged using open-ended 

questions, such as, “What did you expect prior to the exposure,” “What actually happened.” “Was 

that different from what you expected” and “What did you learn.”  Exposure therapy can be viewed 

as a learning process of flexibly switching between danger and safety: from triggering fearful 

expectations acutely before each exposure trial to selectively consolidating safety outcomes after 

each trial.  
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Figure 3. Inhibitory Exposure Log 
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Recently, we found that repeated rehearsals over six to 48 hours of what was learned 

during exposure to spiders was more effective than mental rehearsal of unrelated topics, although 

rehearsal was facilitated by a CS reminder via an image of the spider which could have constituted 

a brief exposure in and of itself (McGlade & Craske, 2021). Further research is needed on the 

topic of rehearsal and its optimal timing especially as rehearsal immediately prior to a new 

exposure trial runs the risk of undermining maximal activation of the aversive expectation for 

prediction-error correction and continued extinction learning.  

F. Advanced Extinction Strategies 

 The following sections detail advanced strategies for enhancing extinction learning 

including a) deepened extinction and b) occasional reinforced extinction.  

 F.1. Deepened Extinction   

 In “deepened extinction” (Rescorla, 2006), or compound extinction, multiple feared CSs 

are first extinguished separately before being combined, or a previously extinguished CS is paired 

with another to-be-extinguished CS.  Deepened extinction is hypothesized to facilitate prediction 

error learning given that absence of the US in the presence of multiple predictors (or CSs) 

provides more prediction error than only one CS. If the CSs are equally salient, then the amount 

of associative change will be divided equally between them, and there will be no benefit to 

compound extinction. Conducting extinction to one or both stimuli reduces this salience, allowing 

extinction learning to be directed towards one cue (Rescorla, 2006). 

 Deepened extinction has been shown to reduce spontaneous recovery and 

reinstatement of fear in animals ( Rescorla, 2006) and humans (Coelho et al., 2015; Culver et al., 

2014). Clinical translations include initial exposure to close proximity to a loved one, followed by 

exposure to images of harming a loved one, followed by combining the two for individuals with 

obsessions of harming loved ones. In the case of panic disorder, hyperventilation (e.g., 

lightheadedness, tingling) and spinning (e.g., dizziness) may each be associated with a heart 

attack (US), and deepened exposure would involve combining them after exposure to each alone. 
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In social anxiety disorder, signs of anxiety may be induced (e.g., trembling voice or fidgety 

behavior) while simultaneously initiating a conversation. We use the phrase “Combine It” to 

convey the rationale behind deepened extinction. 

 Of note, each CS cue should be an independent predictor of the same US and not be 

confused with occasion setters. For example, for a client with panic disorder, inducing a rapid 

heartbeat while away from home does not represent deepened extinction if being away from home 

does not independently predict the aversive outcome (e.g., heart attack) but rather is a positive 

occasion setter. Otherwise, methods for deepened extinction are lacking full operationalization, 

and further investigation in analog and clinical samples is needed.  

 F.2. Occasional Reinforced Extinction   

Occasional reinforced extinction, or occasional CS-US pairings during extinction training, 

lessens reacquisition of fear (i.e., return of conditional fear due to CS-US re-pairing; Bouton et al., 

2004).  Reacquisition is applicable to the repetition of aversive outcomes, as may occur with 

repeated social rejections or with retraumatization in dangerous environments (although, 

occasionally reinforced extinction is ethically prohibitive in the case of traumas). For example, an 

individual may successfully extinguish fear responding in social situations only to have that fear 

response return quickly after just one social rejection. Thus, there is value to methods that mitigate 

reacquisition of conditional fear in ethically allowable situations. Occasional reinforced extinction 

purposefully includes occasional CS-US pairings during extinction training, as exemplified by 

occasional experiences of rejection throughout exposure to social situations. We use the term 

“Facing it” to convey the rationale behind occasional reinforced extinction. The critical word here 

is ‘occasional’ as it is essential for each occasion of reinforcement with the US to be followed by 

multiple other occasions when the US does not occur. 

A number of explanations exist for occasionally reinforced extinction, including 

opportunities for maximized prediction error on CS-noUS trials subsequent to CS-US trials or 

enhancement of CS salience. Alternatively, occasional USs may render the reacquisition context 
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not as different from the extinction context as is normally the case, thereby reducing contextual 

renewal of fear in the reacquisition context (Bouton et al., 2004. Occasional reinforced extinction 

may also operate through US devaluation (Dibbets et al., 2018; Du et al., 2015). The premise of 

US devaluation is to learn that the US is not as bad as originally expected, which reduces CS+ 

fear since the maximum fear a CS+ produces on its own is directly related to the magnitude of 

the US (Hosoba et al., 2001). For example, socially anxious individuals may become less fearful 

of strangers (CS) through learning that social rejection (US) is less harmful or aversive than 

expected. Occasional reinforcement allows for continued US devaluation through re-exposure to 

the US that could complement CS+ extinction and lead to more robust fear reduction. There may 

well be limits, though, since well-trained instrumental behaviors (i.e., habits) persist despite US 

devaluation (Ostlund & Balleine, 2008; Perez & Dickinson, 2020), though the evidence is more 

scarce with well-trained Pavlovian associations (Rescorla, 1973). In other words, individuals with 

well-entrenched fears (the majority who seek treatment) may continue to avoid the phobic 

stimulus despite regarding the feared outcome as less harmful or aversive than originally thought 

(Ostlund & Balleine, 2008). Notably, this proposition poses an interesting contradiction to 

premises of cognitive therapies (Beck et al., 1974). 

Consistent with a small number of animal studies (Bouton et al., 2004), occasional 

reinforcement during extinction led to less fearful arousal to the CS+ vs CS- in an ABA renewal 

design (Vervliet et al., 2010) and sustained fear arousal during extinction but attenuated 

reacquisition of fear (Culver et al., 2018) in human fear conditioning studies. Thompson et al. 

(2018) found some benefits of occasional reinforced extinction and unpaired USs during extinction 

relative to standard extinction. There is need for more basic research as well as investigation 

with analog and clinical samples to determine the translation applicability of occasional reinforced 

extinction. Social anxiety disorder may be the one disorder where the therapist can logistically or 

ethically administer the US (e.g., social rejection can be therapist-controlled by confederates 

providing negative social feedback). It will also be important to examine the degree to which 
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occasional reinforced extinction impacts treatment retention for social anxiety disorder, the timing 

of occasional reinforced extinction within the broader context of exposures, etc. For other types 

of anxiety beyond social anxiety disorder, delivery of the US is unlikely to be ethical or may be 

difficult if not impossible for the therapist to control. 

G. Optimizing Generalization and Retrieval of Extinction Learning 

 The following sections detail strategies for enhancing the generalization and retrieval of 

extinction learning including a) retrieval cues, b) multiple contexts, c) variability in stimuli and d) 

the impact of positive affect.  

G.1. Retrieval Cues 

Context renewal explains the return of fear to a phobic stimulus when encountered in a 

context (internal or external) that differs from the exposure context ( Mystkowski et al., 2002). 

Retrieval cues (of the CS-noUS association) that are present during both extinction training and 

subsequent novel contexts, and are positively valenced, can offset or reduce context renewal of 

fear (Dibbets et al., 2008). Retrieval cues differ from safety signals in that they retrieve the CS-

noUS relationship (i.e., act as an occasion setter), whereas safety signals are directly associated 

with the non-occurrence of the US. The risk of them acquiring inhibitory value and becoming a 

safety signal can be reduced by presenting the retrieval cue prior to the CS, or on only a small 

percentage of trials, and ensuring that the cue is less salient than the target CS (Brooks & Bouton, 

1994).  Investigation of the clinical utility of retrieval cues for anxiety disorders is limited. One 

study found that a retrieval cue (unusual and colorful pen and writing board) yielded only minor 

benefits in a public speaking anxious sample, conceivably due to lack of salience (Culver et al., 

2011). Mental reinstatement can act as a type of retrieval cue, and spider-fearful participants who 

were asked to recall “where they were and what they learned last time” as they entered a novel 

context after exposure therapy showed less context renewal than those who recalled unrelated 

material (Mystkowski et al., 2006). 
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Using retrieval cues early in therapy, while extinction learning is being acquired, may 

mitigate prediction error as they reduce expectancy of the aversive event. In addition, any retrieval 

cues should be used sparingly to mitigate their likelihood of becoming a conditional inhibitor or 

safety signal. For these reasons, we recommend delaying the introduction of retrieval cues until 

the end of treatment, and at that stage, including them in the exposure processing discussion 

when consolidating learning (rather than before or during exposure). As such, retrieval cues 

cannot influence expectation of the feared outcome, but still acquire reminder properties of what 

was learned during exposure.   

G.2. Multiple Contexts   

 Extinction in multiple contexts has been shown to offset context renewal in rodent 

samples (e.g., Gunther et al., 1998), in human laboratory studies (e.g., Balooch et al., 2012; 

Bustamante et al., 2016), and in a clinical analog study of exposure therapy (Vansteenwegen 

et al., 2007). Inasmuch as time is a context, we found that multiple timings between exposure 

sessions led to superior outcomes at follow-up than massed exposure in spider fearful samples 

(e.g., Tsao & Craske, 2000). On the other hand, one conditioning study in rodents (Bouton et 

al., 2006) and two conditioning studies in humans (Dunsmoor et al., 2014; Neumann et al., 

2007) failed to demonstrate detectable benefits of multiple contexts throughout extinction on 

context renewal, suggesting that the effects are unstable. Null results may be attributable to 

contexts that were too similar to one another or contexts that served as discrete stimuli and 

not “environments” per se.  Nonetheless, the clinical translation involves interoceptive, 

imaginal, and in vivo exposures in multiple different contexts – such as when alone, in 

unfamiliar places, or at varying times of day or varying days of the week – or with different 

internal states (fatigued vs energized, medicated vs unmedicated). We use the term 

“Changing it up” to convey the strategy of multiple contexts. 

G.3. Stimulus Variability 

As mentioned previously, clinicians rarely have access to the original CS for extinction. 
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Rather, exposure typically occurs to generalization stimuli (GS) that perceptually or semantically 

relate to the CS. Stimuli are composed of a series of elements and GSs contain some but not all 

elements of the original CS. Conducting extinction with GSs may leave excitatory elements of the 

original CS intact, and by varying the number of GSs during extinction, the likelihood that multiple 

elements of the original CS undergo extinction is increased (Rescorla & Wagner, 1972)4. In partial 

support, we found that extinction with a variety of GSs reduced fear to a GS more than repeated 

extinction to one GS (Zbozinek & Craske, 2018), and others have shown that extinction to the 

CS combined with multiple GSs reduce fearful arousal to a novel stimulus and CS at test (Waters 

et al., 2018). The experimental data indicate that extinction is strongest when it includes the CS+ 

and GSs relative to either alone (Lipp et al., 2020). In clinical analog samples, we found that 

variable stimuli during exposure led to less spontaneous recovery in spider fearful and height 

fearful samples (Lang & Craske, 2000; Rowe & Craske, 1998), although a third study of 

contaminant anxiety showed trends only (Kircanski et al., 2012). Others have reported benefits 

from multiple stimuli during virtual reality exposure for spider fears (Shiban et al., 2015). Notably, 

such variability typically elicits higher levels of physiological arousal and subjective anxiety during 

exposure that fail to habituate in the short term despite long-term positive outcomes (e.g. 

Kircanski et al., 2012; Lang & Craske, 2000). Like multiple contexts, the strategy of stimulus 

variability is referred to as “changing it up”. 

Importantly, stimulus variability should not be at the cost of repetition, since repetition is 

required for extinction learning, especially as extinction proceeds at a slower rate than acquisition 

( Rescorla, 2002). Conducting exposure to multiple discrete stimuli, without sufficient repetition 

of the most predictive elements of the CS, may inadvertently mitigate extinction learning. For 

                                                           
4 Generalization is understood from a different theoretical perspective as varying the to-be-

learned task, which enhances retention of information, possibly due to enhancement of storage 
capacity of newly learned information, pairing to-be-learned information with more retrieval 
cues, and generation of a rule that captures the invariance among tasks (Soderstrom & Bjork, 
2015). 
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example, clinicians may be tempted to assign exposures to diverse stimuli such as crowds and 

driving for veterans with combat-related PTSD. Crowds are a GS for crowds encountered during 

combat and driving is a GS for driving in a convoy that was blown up. However, elements of these 

GS do not overlap, and hence a few exposures to crowds followed by a few exposures to driving 

would lead to less repetition of core stimulus elements when compared to repeated exposures to 

different types of crowds. Exposures to GSs that share overlapping features (e.g., different types 

of crowds) are preferred (as is the same stimulus in multiple different contexts as described in 

Multiple Contexts). The overarching rule governing exposure from a learning theory perspective 

is to ensure significant expectancy violation to the principal CS through repetition. Additional 

stimuli can be added throughout treatment, but the focus should remain on the principal CS, and 

any stimulus assigned for exposure should undergo repeated extinction. Moreover, inasmuch as 

prediction error-expectancy violation is paramount we do not assign exposures to GS that elicit 

low US expectancy ratings in the pursuit of stimulus variability.  

G.4. Positive Affect 

During fear acquisition, the CS acquires fear arousal as well as negative valence, with the 

latter relatively resistant to extinction and predictive of subsequent reinstatement of fear (Zbozinek 

et al., 2015). We found that increasing the positive valence of CSs during extinction/exposure 

reduced reinstatement fear in laboratory and analog samples (Dour et al., 2016; Zbozinek, 

Holmes, et al., 2015) and lessened reacquisition in a laboratory sample (Zbozinek & Craske, 

2017).  Others, however, found no effects from increased CS positive valence (van Dis et al., 

2019). Since positive affect enhances encoding, rehearsal, and retrieval of information and 

relating incoming information to already-known information, positive mood in general may 

augment the formation of inhibitory associations as well as their retrieval over time and context 

(Zbozinek & Craske, 2017a). Methods for inducing positive affect as clinical samples engage in 

exposure to feared situations are yet to be evaluated. The literature on increasing CS+ valence 

within an exposure setting is quite nascent and needs further exploration and specification. 
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However, there are three general approaches that seem reasonable based on laboratory 

research: to increase positive mood before conducting an exposure (e.g., Zbozinek, Holmes, & 

Craske, 2015; Zbozinek & Craske, 2017a; Zbozinek & Craske, 2017b), to discuss the positive 

aspects of the CS+ (Dour, Brown, & Craske, 2016), or maybe counterconditioning (though the 

evidence only sometimes supports counterconditioning in improving CS+ valence compared to 

extinction; de Jong, Vorage, & van den Hout, 2000; Gatzounis, et al., 2021; Meulders, et al., 2015; 

Raes & Raedt, 2012; van Dis, et al., 2019). Positive mood induction prior to extinction seems to 

be the most reliable approach, though this awaits further empirical testing in clinical settings. The 

procedures for doing so thus far have utilized positive imagery training (Zbozinek, Holmes, & 

Craske, 2015) and using positive/humorous TV commercials (Zbozinek, 2018). A brief positive 

mood induction could be employed in therapy prior to conducting an exposure to potentially 

increase CS+ valence. Though the counterconditioning literature is mixed, it seems plausible that 

having a positive outcome to an exposure might increase CS+ valence more than a neutral/non-

negative outcome. For example, an individual with social anxiety disorder who initiates a 

conversation with a stranger to test whether the stranger rejects them may find the interaction to 

be enjoyable; this enjoyment could increase CS+ valence. The therapist and client could then 

discuss the positive outcome of the exposure (in addition to the absence of the US: rejection), 

which could in turn further increase CS+ valence. Finally, we recently demonstrated the efficacy 

of Positive Affect Treatment for raising positive affect generally for depressed and anxious 

samples (Craske, Meuret, et al., 2019). Such treatment may be a useful precursor to exposure 

therapy.  

H. Future Unconditional Stimuli 

The preceding sections detail how to conduct exposure from the perspective of learning 

theory when expectation of the US is immediate (e.g., rapid heartbeat will lead to a heart attack, 

social interaction will lead to rejection, etc.). In some cases, the US is anticipated to occur in the 

future. Examples include a person with generalized anxiety disorder who associates mistakes at 
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work with being fired weeks or months in the future or a person with obsessive-compulsive 

disorder who associates touching dirty laundry with becoming ill years from now. Clinically, 

exposures involving future USs can be challenging for clients who are less willing to conduct 

exposures that do not provide immediate disconfirmation and instead produce lingering US 

expectancy and anxiety. In these situations, when the time frame is not feasible for testing US 

non-occurrence, we often test perceived intolerable uncertainty (e.g., perceived inability to 

tolerate uncertainty about being fired or being afflicted with illness in the future) in the same ways 

that we test perceived intolerable distress.  

Moreover, in instances where the US is predicted to occur well into the future, and the US 

is not “intolerable uncertainty,” exposure to the CS can still be effective as detailed in learning 

models such as Wagner’s sometimes-opponent-process (SOP; 1981) model. SOP is a learning 

theory model with broad empirical support that explains numerous aspects of conditioning and 

extinction (Wagner, 1981). Most importantly, SOP brings memory and time into the realm of 

associative learning. When a stimulus is present and perceived, its memory representation is 

activated into a state called A1 (focus of attention). When the stimulus disappears, the memory 

representation undergoes a time-dependent decay and fades into a state called A2 (still active, 

but in periphery of attention). Finally, the memory slips back into an inactive state (I), usually 

referred to as long-term memory. Memories can also be activated indirectly, as when a CS 

activates the memory of the US without its presence, thereby bringing the US into A2, the 

intermediate memory state. When CS and US co-occur, their memory representations are 

simultaneously in the most active state A1 and an association is formed. Extinction learning 

activates the CS into A1 state while the US is absent (i.e., in A2 state). Importantly, while SOP 

incorporates expectancy violation (Vogel, Ponce, & Wagner, 2018), it does not rely on it. 
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According to SOP, extinction learning only requires that CS is in A1 while US is in A2, with or 

without surprise5.   

SOP also accounts for extinction even with a long interval between the CS and US, 

contingent on conceptualization of the CS as a series of temporally distributed elements. For 

example, different elements of the CS can be present during the early, middle, or late phases of 

the CS duration (Vogel et al., 2018). Although the conditional response and peak US expectancy 

will occur during the “later” elements of the CS (when the US is expected), “early” CS elements 

still activate a representation of the US into A2. However, the number of US elements activated 

into A2 during the “early” CS elements is less than those activated by “late” CS elements (Vogel 

et al., 2018). Thus, exposure to the CS in situations where the US is expected to occur after a 

long temporal delay is akin to exposure to “early” CS elements in SOP.  This model implies that 

extinction is possible when US omission is far in the future, albeit inferior to exposure with more 

proximal US omission. As an example, exposure to contaminant CSs which are expected to 

produce disease many years in the future will be effective to the degree that contaminant 

exposure elicits a representation of disease. Repetition, maintaining salience of CS elements, 

and removing inhibitory stimuli (e.g., safety signals) are still essential when conducting exposure 

from an SOP model. However, further research is needed to explore the utility of SOP for models 

of extinction where the US is far in the future.  

                                                           
5 Excitatory conditioning occurs when elements from both stimuli are in the A1 state, whereas inhibitory 

learning (e.g., extinction learning) occurs when elements from one stimulus are in A1 and the other 

stimulus are in A2 (Vogel et al., 2019). During extinction, elements of the CS+ are in A1 while elements of 

the US are in A2. If there are not additional inhibitory stimuli that protect the CS elements from extinction 

(see Holmes, Chan, & Westbrook, 2020), then inhibitory learning will accrue between the CS elements in 

A1 and the US elements in A2 even if no direct expectancy violation occurs.  
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I. Alternative Models of Memory Modification 

 The inhibitory retrieval model presented herein focuses on extinction learning but 

additional associative learning processes, such as counterconditioning and novelty-enhanced 

extinction, may contribute to exposure therapy. Furthermore, alternative models, such as 

reconsolidation and latent state models, bear consideration.  

 I.1. Counterconditioning and Novelty-Enhanced Extinction 

Counterconditioning entails repeatedly pairing the CS with a US of the opposing valence 

to the original US (see Keller et al., 2020 for a review). The extant literature suggests that 

extinction learning primarily impacts US expectancy and associated physiological responses 

while leaving evaluative processes (e.g., positive or negative valence of the CS) intact. 

Unfortunately, these evaluative processes can serve as a risk factor for fear renewal, whereby 

negative valence of the CS increases the likelihood of fear reinstatement (Zbozinek, Hermans, et 

al., 2015; Zbozinek, Holmes, et al., 2015), though this has not always been found (van Dis et al., 

2019). Counterconditioning can reduce the negative valence of the CS (Keller et al., 2020), 

although clinical utility is debatable. Most laboratory-based studies of counterconditioning employ 

food (Kerkhof et al., 2011), cartoon images, positive film clips (e.g., van Dis et al., 2019), or 

monetary reward (Lin et al., 2012) as a US. The original CS-USnegative relationship remains intact 

while a new appetitive excitatory CS-US relationship develops through repeated pairings of the 

CS with a positive US. Since learning is governed in part by US intensity, weak appetitive USs 

will result in small accruals to this new CS-USpositive association and will likely be insufficient to 

counteract the original CS- USnegative association in anxious individuals. For example, will an 

association formed between angry faces and a positive film clip be insufficient to counteract the 

association between angry faces and rejection  In addition, counterconditioning is subject to 

spontaneous recovery, renewal, and reinstatement (e.g., Holmes, Leung, & Westbrook, 2016; 

Keller et al., 2020), such that any clinical interventions focused on counterconditioning are subject 

to the same limitations as extinction learning.  
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 A newer area of research involves pairing the CS with a neutral outcome during extinction 

– this “novelty-facilitated extinction” has been superior to traditional extinction in three laboratory 

studies (Dunsmoor et al., 2015, 2019; Lucas et al., 2018). The fact that novel outcomes enhanced 

long-term extinction especially in individuals with higher intolerance of uncertainty (measured by 

questionnaire; Dunsmoor et al., 2015; Lucas et al., 2018) raises the possibility that novel 

outcomes enhance prediction error by reducing uncertainty. Extinction creates uncertainty, 

wondering when will the US arrive. Such uncertainty may hinder advantageous safety learning of 

US omission; the novel outcome may help curb uncertainty by emphasizing that the CS is still a 

reliable signal but now of safety instead of danger. 

More research is needed to explore the clinical utility of counterconditioning and novelty-

enhanced extinction (see Lipp et al., 2020 for a review). Recognition of these concepts raises 

further questions about how to best conceptualize the outcomes of exposure therapy. For 

example, an exposure for social anxiety disorder (e.g., starting a conversation) will often end with 

the recipient of the conversation responding positively and reciprocating. Is this an example of a) 

prediction error extinction given that the US of social rejection did not occur, b) novelty-facility 

extinction because there was an outcome instead of simply the “no US” or c) counterconditioning 

given that the exposure resulted in a positive interaction which may have been innately 

reinforcing?  

I.2. Latent Cause Models 

Research using computational models of reinforcement learning has challenged several 

tenets of associative learning models. These “latent cause” models argue that organisms infer 

unobservable latent causes for reinforcement rather than drawing conclusions from discrete 

stimuli. Hence, they argue against direct associations between stimuli and outcomes. Rather, 

stimuli, contexts, and outcomes are all independently related to the underlying latent cause 

(Gershman & Niv,  2012). The absence of discrete stimulus-stimulus associations is at direct odds 

with prediction error models as outlined herein. 
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It is beyond the scope of the current paper to examine latent cause models in detail, but 

we do consider the key implications for exposure therapy. Latent cause models posit that making 

extinction similar to acquisition should result in both conditions being assigned to the same latent 

cause, thereby reducing the perceived probability that the latent cause will predict the US and 

potentially reducing the return of fear (Gershman et al., 2013). In support of this proposition, 

Gershman and colleagues (2013) gradually reduced the frequency of US presentation during CS 

extinction and reported decreased fear from reinstatement and long-term spontaneous recovery 

when compared to a group receiving standard extinction. As with occasional reinforced extinction, 

this approach faces practical barriers such as ethics/safety and capacity to control US 

occurrence/non-occurrence. Moreover, the suggestion that matching acquisition and extinction 

contexts reduces fear renewal fails to take account AAB renewal, in which renewal is observed 

even though conditioning and extinction occur in the same context ( Bouton & Ricker, 1994).  

 A central argument of latent state models is that the “surprise” induced by prediction error 

results in the organism assigning extinction trials to a new latent cause. Thus, small changes in 

prediction error that gradually increase should result in less “surprise” and reduced likelihood of 

the formation of a new latent state. For example, begin extinction or exposure with stimuli that 

elicit a low expectation of the US and gradually include stimuli with greater US expectancy during 

the later phases of extinction. Hierarchical approaches of this kind were no more effective in 

reducing renewal than a random approach in the only study to date (Scheveneels et al., 2019). 

Notably, both hierarchical and random approaches stand in stark contrast to the inhibitory retrieval 

model which advocates maximizing expectancy violation throughout exposure.  

I.3. Reconsolidation 

Retrieving already-stored memories induces a process of reconsolidation (Nader et al., 

2000), since the memory is written into long-term memory again, requiring de novo neurochemical 

processes. Thus, it may be possible to change memories during the reconsolidation time frame 

upon retrieval. Monfils, Cowansage, Klann, and LeDoux (2009) used a behavioral strategy for this 
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purpose, hypothesizing that novel information presented during the reconsolidation window may 

be incorporated into and change the memory. Thus, extinction during a reconsolidation window 

may weaken the fear memory itself (as opposed to creating a new and competing inhibitory 

memory). Monfils et al. found that a brief presentation of the CS 30 min prior to sustained 

extinction trials significantly reduced spontaneous recovery, renewal, reinstatement and rapid 

reacquisition in a rodent sample. However, a recent failure to replicate several of the original 

findings in humans raises doubts regarding the clinical utility of extinction as a method to disrupt 

reconsolidation (Chalkia et al., 2020; Chan, Leung, Westbrook, & McNally, 2010). In addition, 

several boundary conditions on inducing memory lability present challenges to clinical translation 

(Treanor et al., 2017). 

J. Acting on fear: role of avoidance 

Fear is not an endpoint in itself, but a motivator for defensive actions. These include 

attempts to escape situations of imminent threat and to pre-emptively avoid situations that convey 

impending threat. Anxious individuals tend to avoid excessively even at the cost of loss of reward 

(e.g., Pittig et al., 2018). In addition to causing barriers in daily functioning and achievement of 

goals, rigid avoidance precludes experiences with feared situations and hence opportunities for 

fear extinction, and thereby contributes to the persistence of anxiety. Furthermore, the return of 

fear that often follows exposure therapy is problematic only when highly distressing or when 

accompanied by escape or avoidance behaviors (Papalini et al., 2021). In the absence of escape 

or avoidance, return of fear would be followed by additional extinction and eventual fear reduction.  

Avoidance learning can be modeled in the laboratory by adding instrumental control to 

Pavlovian fear conditioning. A rodent may avoid being shocked when it runs to another 

compartment of the cage upon presentations of a CS.  Likewise, a human volunteer may avoid 

aversive shock by pressing a button during a CS.  Although avoidance is initially motivated by 

fear, avoidance behaviors continue long after all signs of fear have declined (Mineka, 1979). Once 

the human/rodent has learned how to control the aversive stimulus, fear declines and avoidance 
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behavior comes under control of other factors. Rodent studies have elucidated the role of the 

ventral striatum in avoidance learning, as well as connectivity with amygdala nuclei and prefrontal 

cortical areas, which has been supported in a handful of human brain imaging studies (LeDoux 

et al., 2017). As such, both the behavioral processes and neural circuitry of avoidance differ to 

some extent from fear.  

A set of sequential learning processes have been implicated in avoidance learning (see 

Krypotos et al., 2015). Following initial motivation by fear, avoidance behaviors come under 

control of appetitive learning processes. Successful avoidance produces a transient state of 

safety that is rewarding, so that signals associated with safety acquire positive value that 

continues to reinforce the avoidance response. For example, relief upon returning home from an 

excursion may lead to home acquiring positive value that reinforces avoidance of leaving home.  

Another part of the sequence is cognitive processes that influence decision-making, weighing the 

cost of exposure to the US against the cost of the avoidance response. For example, perceived 

risk of humiliation by a study group may outweigh missing of relevant information for an upcoming 

test. Finally, avoidance may become habitual and no longer dependent on reinforcing outcomes 

(LeDoux et al., 2017). In this final stage, avoidance is no longer motivated by antecedent fear, 

consequential safety, or deliberate decision-making. Rather, avoidance has become a behavioral 

response triggered by certain situations, as might be the case for compulsive cleaning behaviors 

in bathrooms even without fear of contamination. 

Further reason to target avoidance comes from animal and human studies that discovered 

persistent avoidance behaviors after complete extinction of fear under response prevention. 

(Bravo-Rivera et al., 2015; Vervliet & Indekeu, 2015). The implication is that exposure with 

response prevention of avoidant actions might not protect against renewed avoidance behaviors 

once therapy is over. For example, despite successful extinction of fear of initiating conversations 

with a stranger, tendencies to avoid such conversations may reappear following treatment.  
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For all these reasons, changing avoidance requires more than changing fear alone. 

Counterconditioning with an aversive outcome could alter the positive association that avoidance 

behavior acquires, although this presents ethical and logistical challenges. Using cognitive 

restructuring to devalue the US, and thereby reduce the motivation to avoid the US, might be 

beneficial. Optimizing decision-making strategies that favor approach over avoidance via cost-

benefit analyses (Pittig & Dehler, 2019) is one way that could help patients to refrain from falling 

in the avoidance trap again.  However, these are cognitive interventions and therefore not the 

focus of the present article.  

Vervliet and Indekeu (2015) suggest that the availability of avoidance behavior following 

extinction with response prevention represents a context shift from extinction, and a return to the 

acquisition context, and might explain the return of fear. They suggest that allowing some 

avoidance behavior or safety signals during extinction may reduce the context shift between 

extinction and test and reduce fear renewal. However, inasmuch as avoidance behavior mitigates 

extinction learning, it may be best to confine the availability of avoidance behavior or safety signals 

to the end of exposure therapy, after sufficient extinction learning has occurred.  

J. Conclusion 

Pavlovian learning represents a parsimonious model for the etiology, maintenance, and 

treatment of anxiety related disorders. Indeed, individuals with anxiety related disorders 

demonstrate deficits in associative learning (Lissek et al., 2010), and neural processes of 

extinction predict response to exposure-based treatments (Lange et al., 2020) and changes as a 

result of exposure therapy (Helpman et al., 2016). The present article summarized a translational 

approach to exposure therapy based in the science of Pavlovian learning in which exposure 

therapy can be viewed as a learning process of flexibly switching between danger and safety: 

from triggering fearful expectations acutely before each exposure trial to selectively consolidating 

safety outcomes after each trial. In short, we suggest multiple strategies for exposures, including 

maximizing prediction error, removing safety signals, targeting stimuli that directly predict the 
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feared outcome, increasing the attentional salience of the CS, and mental rehearsal after 

exposures. We also suggest more advanced strategies to be used more intentionally or sparingly, 

such as occasional reinforcement during extinction and deepened extinction. We believe further 

research is needed on avoidance behaviors, as these are understudied in humans but are 

predictive of treatment outcome.  

Although we focused on fear and anxiety in the present article, the process for altering 

pathological Pavlovian associations through prediction error is neutral regarding the conditional 

response. That is, regardless of the conditional response (e.g., shame vs anger vs fear in PTSD), 

one can modify Pavlovian associations through prediction-error extinction and strategies to 

enhance its retrieval. However, we do not argue that extinction learning is the only mechanism in 

the treatment of anxiety related disorders. Indeed, counterconditioning procedures may be helpful 

in modifying the valence of a conditional stimulus (e.g., disgust) and cognitive interventions may 

be helpful in addressing negative beliefs regarding the self (e.g., self-blame in PTSD; Schumm et 

al., 2015).  

In sum, modern learning theory offers considerable promise for more targeted treatment 

procedures aimed at improving clinical outcomes. Our conceptualization of exposure therapy 

draws heavily from basic research into associative learning, and we believe it provides a science-

based framework from which to conduct exposure therapy. However, future treatment analogue 

and randomized clinical trials are needed to further elucidate the degree to which associative 

learning processes function as a mechanism of exposure therapy, and the degree to which 

directly targeting Pavlovian learning during exposure therapy improves clinical outcomes.  
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