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Abstract

Maladaptive avoidance of safe stimuli is a defining feature of anxiety and related disorders. 

Avoidance may involve physical effort or the completion of a fixed series of responses to 

prevent occurrence of, or cues associated with, the aversive event. Understanding the role of 

response effort in the acquisition and extinction of avoidance may facilitate the development 

of new clinical treatments for maladaptive avoidance. Despite this, little is known about the 

impact of response effort on extinction-resistant avoidance in humans. Here, we describe 

findings from two laboratory-based treatment studies designed to investigate the impact of 

high and low response effort on the extinction (Experiment 1) and return (Experiment 2) of 

avoidance. Response effort was operationalized as completion of fixed-ratio (FR) 

reinforcement schedules for both danger and safety cues in a multi-cue avoidance paradigm 

with behavioural, self-report, and physiology measures. Completion of the FR response 

requirements cancelled upcoming shock presentations following danger cues and had no 

impact on the consequences that followed safety cues. Both experiments found persistence of 

high response-effort avoidance across danger and safety cues and sustained (Experiment 1) 

and reinstated (Experiment 2) levels of fear and threat expectancy. Skin conductance 

responses evoked by all cues were similar across experiments. The present findings and 

paradigm have implications for translational research on maladaptive anxious coping and 

treatment development.

Keywords: avoidance; extinction; response prevention; fixed ratio schedules; fear; 

anxiety.
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Avoidance of seemingly innocuous stimuli is a defining feature of anxiety-related 

disorders (American Psychiatric Association, 2013; Ball & Gunyadin, 2022). In maladaptive 

anxious coping, active avoidance of threatening stimuli is often less effortful than engaging 

in competing behaviours (Bennett et al., 2020; Wong & Pittig, 2021). It is relatively easy and 

requires minimal behavioural effort, for example, for an individual with social anxiety to 

mute or turn off one’s phone and hence avoid anxiety-provoking invitations to social events 

rather than engage with these opportunities. The range of effortful avoidance behaviour may 

also extend to a series of interrelated responses leading to the cancellation or postponement 

of an aversive event, such as the continuous responses described by ratio-based schedules of 

reinforcement (Catania, 1992; Ferster & Skinner, 1957; Shull & Lawrence, 1998). To 

illustrate, someone who is socially anxious may avoid future social invitations by first 

blocking or removing phone contacts, then uninstalling applications, unfollowing groups of 

friends on social media platforms, and adjusting notification settings, and so on. These 

effortful sequences of avoidance behaviours require completion of a fixed series of responses 

to ensure the potentially catastrophic consequences of receiving a social invitation are in fact 

prevented. Given the contrasting quantitative or physical response effort involved in these 

instances of anxiety-related avoidance, it is possible that the effectiveness of treatment is 

likely to be enhanced by consideration of the prior role of effort in controlling potential 

threat. Here, we report the findings of two laboratory-based treatment experiments designed 

to investigate the impact of high and low response effort on the persistence of (extinction-

resistant) avoidance in humans.

Avoidance learning is commonly studied in variants of Pavlovian threat (fear) 

conditioning paradigms (Ball & Gunyadin, 2022; Dymond, 2019; LeDoux et al., 2016; 

Krypotos et al., 2018; Zuj & Norrholm, 2019). After a neutral stimulus (i.e., conditional 

stimulus, CS+) becomes a reliable predictor of an aversive unconditional stimulus (US; e.g., 
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electric shock) and another stimulus (i.e., CS-) comes to reliably predict its absence, US-

avoidance is acquired by adding a discrete operant response made in the presence of the CS+ 

(e.g., a button press) to cancel the upcoming US. Avoidance responses made in the presence 

of the CS- may still occur but are deemed unnecessary since the US is withheld on all such 

trials regardless of responding (Krypotos et al., 2018). Response prevention extinction 

procedures may be included whereby the avoidance response is no longer available or 

prevented from occurring and elegantly allow for the investigation of the persistence of 

avoidance, differential or otherwise (Dymond, 2019).

In US-avoidance studies with humans, avoidance involves performing a discrete 

response with minimal cost and effort such as clicking a computer mouse once or pressing a 

designated keyboard key which prevents occurrence of the US (Krypotos et al., 2018; Wong 

et al., 2022). While the translational validity of using dichotomous responses for 

understanding the phenomenology of anxiety-related avoidance continues to be debated, 

there is a growing need to incorporate continuous measures in laboratory-based treatment 

studies of avoidance (Wong & Pittig, 2021). Meulders et al. (2016) operationalised avoidance 

costs as the effort involved in moving a three degrees-of-freedom, force-controlled robotic 

arm where greater response effort was associated with lower chances of receiving the US 

(van Vliet et al., 2019). Findings showed that pain-related response effort avoidance was 

related to resistance to extinction, with self-reported fear and pain expectancy ratings also 

decreasing significantly. Flores et al. (2018) employed a discriminated free-operant paradigm 

in which participants could emit multiple responses on one of two marked keys in the 

presence of two long duration (20 s) CS+s. The aversive noise US was randomly delivered at 

least 8 s after CS+ onset and participants were instructed that only responses within 1 s of 

scheduled US delivery would prevent the upcoming US. It was found that response frequency 

on CS+ trials increased across blocks of avoidance learning and remained low on CS- trials. 
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In this way, incorporating a gradient of avoidance responses permitted a more detailed 

examination of effects on the strength of subsequent test performance than that previously 

afforded by a study employing a dichotomous response. Moreover, the inclusion of multiple 

avoidance responses per trial approximates the costly effort involved in anxious coping 

whereby decisions to avoid are not only followed by the absence of threat but also of 

opportunities to learn new, adaptive skills (Wong & Pittig, 2020).

Several decades of basic research on response effort have shown that the physical 

effort or force required to perform an operant response generally produces reductive effects 

comparable to punishment (Ailing & Poling, 1995; Blough, 1966). That is, responding 

decreases as effort requirements increase and extinction proceeds more rapidly (Friman & 

Poling, 1995). Fixed ratio (FR) schedules require completion of a predetermined, fixed 

number of responses before reinforcement is delivered and tend to produce steady rates of 

responding characterised by initial pauses and subsequent bouts of responding (Catania, 

1992). Increased response effort is associated with shorter inter-response times (IRTs) on 

continuous and FR schedules of positive reinforcement (Armus, 1988), while increasing FR 

requirements tends to decrease the maximum force emitted on an isometric force transducer 

(Pinkston & Bee, 2014; Falligant et al., 2020) and influences betting size in simulated 

gambling (Gunnarsson et al., 2015). 

The use of FR schedules to operationalize response effort therefore has many 

potential applied implications. Despite this, the relevance for an understanding of anxiety-

related avoidance and treatment development remains underexplored. A notable exception is 

Augustson and Dougher (1997) who employed a FR schedule of combined CS-escape and 

US-avoidance following threat conditioning where 20 responses (FR-20) terminated the CS+ 

and prevented upcoming shock; less than 20 responses resulted in continued CS+ 

presentation and shock. Button-pressing avoidance learning in Augustson and Dougher’s 
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study occurred in the absence of any onscreen feedback to indicate successive responses. Yet, 

immediate differential acquisition was seen in the presence of the CS+ compared to the CS-, 

indicating discriminative FR-based avoidance. Responding also persisted across a brief 

period of extinction testing, where all shock deliveries were withheld, involving the directly 

learned (i.e., CS+) and symbolically generalized avoidance cues. Findings demonstrated the 

acquisition and symbolic generalization of effortful, FR-based, avoidance in humans. 

However, Augustson and Dougher did not apply FR response requirements to non-avoidance 

safety cue trials (CS-), did not shape the avoidance response such as by using response-

produced feedback to ensure FR schedule control, and their findings are limited to the small 

sample size employed (N = 8).

The objective of the present experiments was to investigate the effects of high and 

low response effort on the extinction and return/recovery of avoidance following response 

prevention. Response effort was operationalized as completion of conjunctive fixed-interval 

(FI) FR-20 (High) and FR-5 (Low) avoidance schedules. We adapted conjunctive FI-FR 

schedules where negative reinforcement (in this case, shock omission) only occurred after a 

fixed period had elapsed and a fixed number of responses have been made (Herrnstein & 

Morse, 1958; Katz & Barrett, 1979; Keenan & Leslie, 1984). Responding on these schedules 

tends to be characterised by an initial pause, followed by an abrupt increase in response rate 

and then a gradual lower rate that may or may not increase up to (positive) reinforcement 

delivery. We used a validated human threat conditioning paradigm (Xia et al., 2017; Zuj et 

al., 2020) and included fixed duration presentations of two danger (CS+) and two safety cues 

(CS-), each with high and low effort FR response requirements (CS+ High, CS+ Low, CS- 

High, and CS- Low), respectively. This permitted an assessment of the role of response effort 

in US-avoidance trials and during safety trials when avoidance was unnecessary and/or 

prevented. We measured US-avoidance as the proportion of trials in which high or low 
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response requirements were met, threat expectancy, fear ratings, and skin conductance 

responses.

In Experiment 1, we expected the total proportion of avoided trials to be high (i.e., 

successfully prevented the US) on both High (FI 10 s FR-20) and Low (FI 10 s FR-5) 

response effort CS+ trials, while avoidance was expected to be at low to zero levels during 

CS- trials. During extinction, where US deliveries were withheld, we predicted that low 

response effort trials would maintain avoidance, threat expectancy and fear to the Low effort 

CS+, while there would be a reduction in all measures to the High effort CS+. Lower 

avoidance was expected because removal of scheduled shock delivery following a high rate 

of responses effectively negates the need to expend further effort. If response effort 

determines at least partially the occurrence of maladaptive avoidance, then the absence of the 

aversive event should prompt a conservation of high rate, effortful responding. We also 

predicted persistence of avoidance responding in extinction when onscreen, avoidance 

response-contingent feedback was removed. Phases where the presence and absence of 

feedback were included to enhance stimulus control over the intended discriminative, 

effortful avoidance. Threat expectancy and fear were predicted to reduce for the High effort 

CS+ as experience tracked the changing learning and extinction contingencies. Finally, we 

conservatively predicted minimal differences in avoidance between High and Low effort CS+ 

trials during a return to extinction phase where the on-screen feedback was reinstated. That 

is, we did not expect reinstatement of the trained stimulus control over avoidance when this 

phase was re-presented, and we expected no differential impact across cues.
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Experiment 1

Method

Participants

A total of 36 participants between 18-30 years of age (M = 20.2, SD = 2.4), 20 male 

and 16 female, were recruited from Swansea University. A sensitivity analysis was conducted 

using G*Power 3.1 (Faul et al., 2007) with ⍺ = .05, Power (1 – β) = 0.8, 1 group (i.e., a 

within-subjects design), 2 measurements and a sample size of N = 36, we should find an 

effect size equal to or greater than Cohen’s f = 0.24 for any effects, where such effects exist. 

The study was approved by the School of Psychology Research Ethics Committee at Swansea 

University and written consent was obtained at the outset. Participants were compensated 

with course credit on completion.

Apparatus and Stimuli

Onscreen stimuli consisted of four CSs, the avoidance bar, and an hourglass timer. 

Stimuli were presented on a 17″ computer screen with a 60Hz refresh rate and the task was 

programmed in OpenSesame (Mathôt et al., 2012). The CSs were a grey coloured square, 

diamond, circle, and triangle shapes (counterbalanced across participants). The width and 

height of the triangle and diamond was 240 pixels, the square was 200 pixels, and the circle 

had a radius of 100 pixels. CSs were presented in the middle of the screen and were allocated 

by type (CS+ or CS-) and by response effort (high or low), resulting in 4 CSs: CS+ High, 

CS+ Low, CS- High, and CS- Low. The avoidance bar appeared beneath the CSs and 

consisted of a black rectangular box with a height of 20 pixels and length of 600 pixels. 

Participants could press the spacebar which filled up the avoidance bar incrementally as 

indicated by a green progress bar. Each response was either 1/20th (i.e., FR-20) or 1/5th (i.e., 

FR-5) of the bar’s total length representing high and low response effort, respectively. A 

black hourglass filled with grey sand with a width of 60 pixels and height of 185 pixels was 
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presented on the top right corner of the screen and was used to indicate trial duration (Figure 

2). Following a block of 12 trials (3 trials per CS), participants provided threat expectancy 

and fear ratings. Threat expectancy was measured via ratings made on a visual analogue scale 

(VAS) shown underneath each CS. Participants were instructed, “during each geometrical 

figure, a rating scale will also appear at the bottom of this screen. The scale runs from 0 to 

100, where '0' means "I expect certainly no shock", '50' means "I expect maybe a shock", and 

'100’ means "I expect certainly a shock". Fear ratings were measured in a similar manner at 

the end of trial-blocks using a VAS that ranged from 0 (“Not at all fearful”) to 100 (“Very 

fearful”). Participants were instructed, “after a few trials, you will also be asked to make fear 

ratings for each stimulus. Indicate your fearfulness of the stimulus by moving the mouse 

cursor along the slider bar and click the left mouse button to enter your rating.”

***Insert Figure 1 About Here***

The US was a 250 ms electric shock; intensity of the current was individually 

adjusted. The US was generated using a STM200 stimulator (BIOPAC Systems, Santa 

Barbara, USA) and administered through a surface electrode (MLADDF30 bar electrode with 

two 9 mm contacts spaced 30 mm apart). Electrode gel was applied to the right forearm 

and the electrode held in place with a band. Shock was individually calibrated at the 

beginning of the session. The current was initially set at 35 mV and increased or decreased in 

steps of 2.5 mV (the maximum was 100 mV). Participants were asked to report the intensity 

of the shock in terms of how uncomfortable they found it. When a shock level was deemed 

“uncomfortable but not painful” twice consecutively, it was used for that participant.

Skin conductance response amplitude was recorded with two reusable Ag/AgCl 

electrodes filled with a non-hydrating gel and attached to the middle phalange of the first and 

second fingers. The electrodermal signal was sampled at 1000Hz with a notch filter of 10Hz 
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and recorded in micro-siemens (µS) via the BIOPAC MP150 (BIOPAC Systems, Santa 

Barbara, USA).

Procedure

Having signed the consent form, participants had shock electrodes applied and 

undertook shock-calibration. Next, instructions were presented on screen regarding the shock 

contingencies and response requirements:

Welcome. In this experiment, you will be presented with geometrical shapes: 

Triangles, Squares, Circles and Diamonds. DIAMONDS and CIRCLES will be 

followed by an electrical stimulation, whilst SQUARES and TRIANGLES will not.

There will also be a small hourglass in the upper right corner to let you know for how 

much longer the image will be shown.

During the task, you will have the opportunity to avoid the electrical stimulation by 

pressing the SPACE BAR several times. You will receive instructions and practice 

trials on this in a moment. First, you will see all the shapes and the hourglass twice to 

get used to them. During this phase, you will NOT get any electrical shock.

Press SPACEBAR to start.

Participants were then shown all four geometrical shapes with the hourglass in the top 

right corner twice in random order for habituation purposes. Following habituation, 

participants were given four practice trials to practice filling up the bar by pressing the 

spacebar 5, 10, 15 or 20 times. Instructions given prior to the practice trials were as follows:

Now you will practice how to avoid an upcoming electrical stimulation. During the 

experiment, you will see an empty bar appear underneath the figure. Each time you 

press the SPACEBAR, you will see that the bar will 'fill' up.

Once the bar is filled, the response is complete, and an upcoming shock is cancelled.

During the practice, you will see ONLY the bar. Fill up the bar 4 times to complete 

the practice.

Press SPACEBAR to start.
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The experiment consisted of five phases: threat conditioning, avoidance conditioning, 

extinction, extinction and feedback prevention, and re-extinction. Prior to the onset of threat 

conditioning, the following instructions were presented:

This is end of the practice.

During the experiment, you will see four types of geometrical shapes. When the bar 

appears, you will have to fill up the bar BEFORE the hourglass runs out to 

successfully avoid the upcoming shock. You will also be asked to make some ratings 

during the experiment. Slide the mouse across the scale and press the LEFT MOUSE 

button to make your rating.

The experiment takes about 45 minutes.

Press SPACEBAR to begin the experiment.

For all trials in all phases, a fixation cross was presented for 2 s, CSs for 10 s, and 

intertrial intervals (ITI) ranged from 4-8 s. Simultaneous with CS onset, the hourglass 

appeared in the top right corner of the screen indicating CS duration.

During the threat conditioning phase, each CS was presented three times for a total of 

12 trials, with stimuli presented in a pseudorandom order such that no CS was presented 

twice consecutively. All CS+ trials (CS+ High and CS+ Low) were coupled, at stimulus 

offset, with the US at a 100% reinforcement rate. CS- trials were never followed by shock. 

In the avoidance conditioning phase, participants were presented with 4 blocks of 12 

trials each, with 48 trials in total. Five seconds after CS onset, the avoidance bar appeared 

underneath for the remainder of the trial. With each press of the spacebar (i.e., each response 

as part of the FR response requirement), the avoidance bar would fill up incrementally: for 

‘High’ trials, 20 spacebar presses were required to fill up the bar (conjunctive FI 10 FR-20), 

whereas for ‘Low’ trials, 5 spacebar presses were required (conjunctive FI 10 FR-5). During 

CS+ trials, filling up the bar cancelled the upcoming US on CS+ offset. If no responding 

occurred or the FR response requirements were not met, then the US still occurred on CS 

offset. During CS- trials, shock never followed regardless of spacebar presses. To ensure 
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avoidance was acquired, a predetermined learning criterion was adopted whereby a minimum 

80% response rate (i.e., responding on 10 out of 12 trials) for at least one of the CS+s was 

required during avoidance conditioning. Following each block of twelve trials (3 trials per 

CS), participants made threat expectancy and fear ratings for each CS.

The extinction phase began without interruption and consisted of 3 blocks of 12 trials 

each (36 trials in total). Avoidance responses continued to increment the avoidance bar 

according to the FR schedules, and no shocks were presented regardless of responding. 

Following each block of trials, participants made threat expectancy and fear ratings for each 

CS.

Extinction and feedback removal also involved 3 blocks of 12 trials with all shocks 

withheld. Pressing the spacebar, however, now no longer resulted in any visual change to the 

avoidance bar (i.e., response-contingent feedback was prevented). Again, following each 

block of trials, participants made threat expectancy and fear ratings for each CS.

Finally, during re-extinction, which consisted of 12 trials (3 trials per CS), pressing 

the spacebar again filled the bar according to either FR 5 or FR 20 schedule requirements but 

shock was withheld on all trials. Threat expectancy and fear ratings measures were obtained 

once for each CS and the experiment ended. Participants then had electrodes removed, were 

debriefed, and compensated.

Statistical analyses

Threat expectancy and fear ratings were analysed using 2 (CS) × 2 (response effort) 

RM-ANOVAs in the threat conditioning and re-extinction phases, a 2 (CS) × 2 (response 

effort) × 4 (block) RM-ANOVA in the avoidance conditioning phase, and 2 (CS) × 2 

(response effort) × 3 (block) RM-ANOVAs in the extinction and extinction and feedback 

removal phases.
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Skin conductance data was processed using AcqKnowledge software (BIOPAC 

Systems, Santa Barbara, USA) and SCRs were calculated as the first peak (amplitude of the 

response) to occur within 0.5 to 5 s after CS onset. Prior to analysis, SCRs were range-

corrected per participant to account for individual differences (Lykken & Venables, 1971) 

and square root transformed across all phases to normalize the data (Dawson et al., 

2007). Response criterion was set to 0.2 μS and values less than it were scored as zero. 

Participants who had more than 90% zero responses in all trials were classified as 

physiological non-responders and excluded from analysis (Marin et al., 2019).

SCR amplitude was analysed using a 2 (CS) × 2 (response effort) × 3 (trial) RM-

ANOVA for the threat conditioning phase, a 2 (CS) × 2 (response effort) ×12 (trial) RM-

ANOVA during the avoidance conditioning phase, a 2 (CS) × 2 (response effort) × 9 (trial) 

RM-ANOVA during the extinction phase, and a 2 (CS) × 2 (response effort) × 9 (trial) RM-

ANOVA for the extinction and feedback removal phase. ANOVAs were not feasible for the 

re-extinction phase due to a lack of variance.

Successful avoidance on each trial was scored as 1 if participants reached the criterion 

for low effort or high effort (FR-5 or FR-20, respectively), or 0 if they did not reach criterion. 

Proportion of avoidance and mean total of all avoidance responses (successful or otherwise) 

were analysed using 2 (CS) × 2 (response effort) ANOVA per phase.

To assess retention of expectancy and fear extinction, 2 (CS) × 2 (response effort) × 2 

(phase) RM-ANOVAs were conducted for threat expectancy and fear ratings comparing the 

last block of extinction and feedback removal and the re-extinction phase. A similar ANOVA 

was conducted to examine changes in avoidance proportion due to feedback prevention; 

however, the independent variable of phase compared the proportion of avoidance for the 

entire phase of extinction and feedback removal and re-extinction.
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Follow-up analyses were Bonferroni-corrected. Greenhouse-Geisser corrected degrees 

of freedom and epsilon (ε) values are reported where the assumption of sphericity is violated. 

Effect sizes are reported as partial eta-squared (ηp
2) for RM-ANOVAs, and Cohen’s d is 

reported for pairwise comparisons and main effects of only 2 levels. Cohen’s d is interpreted 

according to the criteria of 0.2, 0.5 and 0.8 as small, medium, and large effects, respectively 

(Cohen, 1988). Alpha was ⍺ = 0.05. Analyses were performed in SPSS version 25 for Mac 

(IBM Corp., Armonk, New York, USA).

In addition, Bayesian repeated measures ANOVAs were conducted using JASP 

v0.13.1 (JASP Team, 2020). Here, we evaluated the weight of evidence for the alternative 

hypothesis against the null hypothesis (BF10), where scores greater than 1 represent evidence 

for the alternative hypothesis, 1 equals no evidence for either hypothesis, and scores less than 

1 represent evidence for the null hypothesis (Lee & Wagenmakers, 2013). For main effects, 

the BF10 is reported, and for interactions the inclusion Bayes factor (BFincl) across matched 

models is reported.

Results

Threat conditioning

Threat expectancy. A 2 (CS) × 2 (response effort) RM-ANOVA revealed a 

significant main effect of CS, F(1, 35) = 319.62, p < .001, d = 5.26, BF10 = 2.298e +54, with 

significantly greater threat expectancy towards the CS+ (M = 91.65, 95% CI [87.41, 95.88], 

SD = 12.51) than the CS- (M = 9.39 [3.21, 15.56], SD = 18.26). 

Fear ratings. The 2 (CS) × 2 (response effort) RM-ANOVA for fear ratings during 

threat conditioning revealed a significant main effect of CS, F(1, 35) = 118.105, p < .001, d = 

2.55, BF10 = 5.490e +29. This main effect was superseded by a significant CS × response 

effort interaction, F(1, 35) = 6.63, p = .014, ηp
2 = .159, BFincl = 0.246. Post-hoc Bonferroni-

corrected simple main effects revealed significantly greater fear ratings to the low effort CS+ 
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relative to the high effort CS+ (MDIFF = 8.01, SEMDIFF = 2.90, p < .001), with no differences 

between the low and high effort CS- (p = .300). As the response effort manipulation does not 

become relevant until the avoidance conditioning phase, this effect is unpredictable and 

unlikely to represent a meaningful difference.

SCR. A 2 (CS) × 2 (response effort) × 3 (trial) RM-ANOVA revealed a significant 

main effect of CS, F(1, 29) = 4.91, p = .035, d = 0.48, BF10 = 1.000, with larger SCR to the 

CS+ (M = 0.36 [0.30, 0.41], SD = 0.15) than the CS- (M = 0.29 [0.24, 0.34], SD = 0.14). No 

further main effects or interactions were significant (all p’s > .077).

***Insert Figure 2 and Figure 3 About Here***

Avoidance conditioning

Threat expectancy. During the avoidance conditioning phase, a 2 (CS) × 2 (response 

effort) × 4 (block) RM-ANOVA revealed a significant main effect of CS, F(1, 35) = 39.82, p 

< .001, d = 1.43, BF10 = 2.216e +62, with greater threat expectancy to the CS+ (M = 51.43 

[39.27, 63.60], SD = 35.96) than the CS- (M = 10.78 [4.70, 16.86], SD = 17.98). There was 

also a significant main effect of trial block, F(2.05, 71.78) = 5.08, p = .008, ηp
2 = .127, ε = 

.684, BF10 = 0.024, with decreasing threat expectancy ratings throughout the phase. Further, 

there was a significant CS × response effort interaction, F(1, 35) = 5.29, p = .028, ηp
2 = .131, 

BF10 = 0.249. 

Fear ratings. All significant main effects and first-order interactions were superseded 

by a significant CS × response effort × block interaction, F(2.28, 79.95) = 5.74, p = .003, ηp
2 

= .141, ε = .761, BFincl = 0.104. Bonferroni-corrected simple interaction effects revealed that 

there were no significant differences in fear ratings to the low and high effort CS- throughout 

the avoidance conditioning phase (all p’s > .098). For the CS+, while there was no significant 

difference in fear ratings between the high and low effort stimuli during the first block of 

trials (p = .736), the high effort CS+ was rated significantly more fearful than the low effort 
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CS+ for the remaining trial blocks with this difference increasing from block 2 (MDIFF = 

11.31, SEMDIFF = 4.11, p = .009) to block 3 (MDIFF = 13.16, SEMDIFF = 3.55, p = .001), with 

the greatest difference in ratings following trial block 4 (MDIFF = 14.69, SEMDIFF = 3.24, p < 

.001). 

SCR. The 2 (CS) × 2 (response effort) × 12 (trial) RM-ANOVA also showed 

significantly larger SCRs to the CS+ (M = 0.27 [0.22, 0.32], SD = 0.13) than the CS- (M = 

0.23 [0.18, 0.27], SD = 0.12), F(1, 29) = 6.40, p = .017, d = 0.32, BF10 = 0.332. Further, there 

was a significant trial main effect, F(7.60, 220.53) = 3.09, p = .003, ηp
2 = .096, ε = .691, BF10 

= 0.030, with a decreasing, non-differential, pattern of SCRs throughout the avoidance 

conditioning phase. There were no other significant main effects or interactions (all p’s > 

.129).

Proportion of avoidance. All participants met the learning criteria during avoidance 

conditioning. A 2 (CS) × 2 (response effort) RM-ANOVA revealed a significant main effect 

of CS, F(1, 35) = 73.03, p < .001, d = 1.98, BF10 = 2.316e +25, with greater proportion of 

avoidance to the CS+ (M = 97.45 [95.76, 99.15], SD = 5.01) than the CS- (M = 34.95 [19.91, 

50.00], SD = 44.47). There was no significant main effect of response effort, F(1, 35) = 3.33, 

p = .076, d = 0.06, BF10 = 0.177, or CS × response effort interaction, F(1, 35) < .001, p = 

1.00, ηp
2 = .00, BFincl = 0.238.

Analysis of mean number of avoidance responses revealed a significant cue x effort 

interaction, F(1, 11) = 971.405, p < 0.001, ηp
2 = 0.117, BF10 = 5.059e-29, with follow up tests 

highlighting significantly greater responding on CS+ High effort trials relative to all other 

trial types (p < 0.001).

***Insert Figure 4 About Here***
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Extinction

Threat expectancy. The 2 (CS) × 2 (response effort) × 3 (block) RM-ANOVA 

revealed a significant main effect of CS, F(1, 35) = 19.67, p < .001, d = 1.53, BF10 = 2.264e 

+20, with significantly greater threat expectancy to the CS+ (M = 31.25 [20.16, 42.34], SD = 

19.08) compared to the CS- (M = 6.56 [2.29, 10.83], SD = 12.624). There was also a 

significant main effect of block, F(1.42, 49.84) = 6.46, p = .007, ηp
2 = .156, ε = .712, BF10 = 

0.943, with a reduction in threat expectancy throughout the phase (see Figure 2). No further 

main effects or interactions were significant (all p’s > .084).

Fear ratings. A 2 (CS) × 2 (response effort) × 3 (block) RM-ANOVA revealed 

significant main effects of CS, F(1, 35) = 23.14, p < .001, d = 1.01, BF10 = 1.545e +24, 

response effort, F(1, 35) = 11.92, p = .001, d = 0.47, BF10 = 268.974, and block, F(1.43, 

50.08) = 9.86, p = .001, ηp
2 = .220, ε = .715, BF10 = 1.486. These main effects were 

superseded by significant first order CS × response effort, F(1, 35) = 6.11, p = .018, ηp
2 = 

.149, BFincl = 0.596, and CS × block interactions, F(1.52, 53.11) = 8.01, p = .002, ηp
2 = .186, 

ε = .759, BFincl = 0.153. Follow-up Bonferroni-corrected tests of simple main effects for the 

CS × response effort interaction revealed that the high effort CS+ was rated significantly 

more fearful than the low effort CS+ (MDIFF = 11.61, SEMDIFF = 3.00, p < .001). Similarly, 

the high effort CS- was also rated more fearfully than the low effort CS-, although avoidance 

was not necessary (MDIFF = 5.61, SEMDIFF = 2.52, p = .033). Follow-up Bonferroni-corrected 

tests of simple main effects for the CS × block interaction revealed that, for the CS+, fear 

ratings reduced significantly from trial block 1 to block 2 (MDIFF = 5.38, SEMDIFF = 1.78, p = 

.014), and from block 2 to block 3 (MDIFF = 5.87, SEMDIFF = 2.14, p = .029). For the CS- the 

reductions in fear ratings were not significant from block 1 to block 2 (MDIFF = 2.90, SEMDIFF 
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= 1.30, p = .097) or from block 2 to block 3 (MDIFF = 1.38, SEMDIFF = 1.12, p = .676). No 

further interactions were significant (all p’s > .133).

SCR. Similar to the avoidance conditioning phase, the 2 (CS) × 2 (response effort) × 

9 (trial) RM-ANOVA revealed a significant main effect of CS, F(1, 29) = 14.54, p = .001, d 

= 0.57, BF10 = 6.479e-6, with larger SCRs to the CS+ (M = 0.13 [0.07, 0.18], SD = 0.15) than 

the CS- (M = 0.06 [0.03, 0.10], SD = 0.09). There was also a significant main effect of trial, 

F(3.86, 111.99) = 7.23, p < .001, ηp
2 = .199, ε = .483, BF10 = 2.040e-8, with a non-

differential reduction in SCRs throughout the extinction phase (see Figure X). No further 

main effects or interactions were significant (all p’s > .131). 

Proportion of avoidance. During the extinction phase there was a significant main 

effect of CS, F(1, 35) = 50.16, p < .001, d = 1.49, BF10 = 1.381e +19, with greater avoidance 

to the CS+ (M = 87.35 [77.83, 96.86], SD = 28.13) than the CS- (M = 31.02 [15.65, 46.39], 

SD = 45.43). There was no significant main effect of response effort, F(1, 35) = 2.41, p = 

.130, d = 0.05, BF10 = 0.180, or CS × response effort interaction, F(1, 35) = 0.09, p = .768, 

ηp
2 = .003, BFincl = 0.229.

Analysis of mean number of avoidance responses revealed a significant cue x effort 

interaction, F(1, 8) = 701.217, p < 0.001, ηp
2 = 0.121, BF10 = 5.214e-19, with follow up tests 

highlighting significantly greater responding on CS+ High effort trials relative to all other 

trial types (p < 0.001).

Extinction and feedback removal 

Threat expectancy. While participants did not receive feedback for making avoidance 

responses during the extinction and feedback removal phase, a 2 (CS) × 2 (response effort) × 

3 (block) RM-ANOVA revealed significant main effects of CS, F(1, 35) = 10.15, p = .003, d 

= 0.62, BF10 = 2.887e +8, and block, F(1.66, 58.03) = 14.56, p < .001, ηp
2 = .294, ε = .829, 

BF10 = 1.382e +7. These main effects were superseded by a significant CS × block 
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interaction, F(1.50, 40.17) = 7.26, p = .008, ηp
2 = .172, ε = .574, BFincl = 0.594. Post-hoc 

Bonferroni-corrected tests of simple main effects revealed, for the CS+, a significant decrease 

in threat expectancy ratings from trial block 1 to block 2 (MDIFF = 13.79, SEMDIFF = 3.61, p = 

.002), and from block 2 to block 3 (MDIFF = 7.23, SEMDIFF = 2.80, p = .043). For the CS-, the 

reduction in threat expectancy was not significant from trial block 1 to block 2 (MDIFF = 6.11, 

SEMDIFF = 2.47, p = .055), or from block 2 to block 3 (MDIFF = 4.80, SEMDIFF = 2.53, p = 

.198). These results show that during the extinction and feedback removal phase there was a 

steeper reduction in threat expectancy for the CS+ than the CS- (see Figure 2). There were no 

further significant main effects or interactions during the extinction and feedback removal 

phase (all p’s > .147).

Fear ratings. Similar to the extinction phase, a 2 (CS) × 2 (response effort) × 3 

(block) RM-ANOVA revealed significant main effects of CS, F(1, 35) = 9.34, p = .004, d = 

0.53, BF10 = 1.395e +7, response effort, F(1, 35) = 11.86, p = .002, d = 0.21, BF10 = 0.802, 

and block, F(1.54, 53.77) = 11.35, p < .001, ηp
2 = .245, ε = .768, BF10 = 8.114e +6, and these 

main effects were superseded by first order CS × response effort, F(1, 35) = 5.38, p = .026, 

ηp
2 = .133, BFincl = 0.217, and CS × block interactions, F(1.17, 40.18) = 5.07, p = .025, ηp

2 = 

.126, ε = .583, BFincl = 0.364. Follow-up tests of simple main effects for the CS × response 

effort interaction revealed that the fear ratings were significantly higher for the high effort 

CS+ than the low effort CS+ (MDIFF = 4.81, SEMDIFF = 1.33, p = .001), with a similar pattern 

for the high and low effort CS- (MDIFF = 2.30, SEMDIFF = 0.98, p = .024). Follow-up tests for 

the CS × block interaction found that, like the extinction phase, fear ratings to the CS+ 

decreased significantly from block 1 to block 2 (MDIFF = 9.74, SEMDIFF = 2.96, p = .007) and 

from block 2 to block 3 (MDIFF = 7.62, SEMDIFF = 2.81, p = .031). The reduction in fear 

ratings to the CS- was not significant from block 1 to block 2 (MDIFF = 4.48, SEMDIFF = 2.11, 

p = .121) and from block 2 to block 3 (MDIFF = 4.80, SEMDIFF = 2.64, p = .231).

Page 19 of 60

Quarterly Journal of Experimental Psychology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Author Accepted Manuscript

DOI: 10.1177/17470218221127660



Peer Review Version

Avoidance Effort 19

SCR. There were no significant main effects or interactions during the extinction and 

feedback removal phase (all p’s > .069).

Proportion of avoidance. The 2 (CS) × 2 (response effort) RM-ANOVA revealed 

significantly greater avoidance to the CS+ (M = 26.08 [14.84, 37.32], SD = 33.22) than the 

CS- (M = 13.58 [4.10, 23.06], SD = 28.03), F(1, 35) = 8.71, p = .006, d = 0.41, BF10 = 

220.596. Further, there was also a significant main effect of response effort, F(1, 35) = 5.35, 

p = .027, d = 0.20, BF10 = 0.703, with greater avoidance to the low effort stimuli (M = 22.69 

[12.97, 32.40], SD = 28.71) than the high effort stimuli (M = 16.98 [7.10, 26.85], SD = 

29.18). There was no significant CS × response effort interaction, F(1, 35) = 0.50, p = .483, 

ηp
2 = .014, BFincl = 0.231.

Analysis of mean number of avoidance responses revealed a significant cue x effort 

interaction, F(1, 8) = 18.501, p = 0.003, ηp
2 = 0.032, BF10 = 0.051, with follow up tests 

highlighting significantly greater responding on CS+ High effort trials relative to all other 

trial types (ps < 0.001 to = 0.002).

Re-extinction

Threat expectancy. Threat expectancy ratings remained significantly higher to the 

CS+ (M = 19.84 [9.78, 29.90], SD = 29.74) than the CS- (M = 6.25 [1.84, 10.66], SD = 13.03) 

during the re-extinction phase, F(1, 35) = 8.74, p = .006, d = 0.59, BF10 = 138.719. There was 

no significant main effect of response effort, F(1, 35) = 0.09, p = .770, d = 0.05, BF10 = 0.179 

or CS × response effort interaction, F(1, 35) = 1.84, p = .183, ηp
2 = .050, BFincl = 0.316.

A 2 (CS) × 2 (response effort) × 2 (phase) RM-ANOVA comparing the final block of 

the extinction and feedback removal phase with the first block of the re-extinction phase 

revealed significantly greater threat expectancy ratings to the CS+ (M = 15.74 [3.38, 24.10], 

SD = 24.71) than the CS- (M = 4.30 [1.35, 7.24], SD = 8.71), F(1, 35) = 8.57, p = .006, d = 

0.62, BF10 = 45325.419. Further, there was a significant main effect of phase, F(1, 35) = 
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6.26, p = .017, d = 0.62, BF10 = 3.916, showing a significant increase in threat expectancy in 

the re-extinction phase (M = 13.04 [6.83, 19.26], SD = 3.06) relative to the final block of the 

extinction and feedback removal phase (M = 6.99 [2.45, 11.53], SD =13.42). No further main 

effects or interactions were significant, with no differences due to high or low response effort 

(all p’s > .142).

Fear ratings. During the re-extinction phase, fear ratings remained significantly 

higher to the CS+ (M = 15.04 [6.48, 23.60], SD = 25.31) compared to the CS- (M = 4.00 

[0.79, 7.20], SD = 9.46), F(1, 35) = 7.89, p = .008, d = 0.37, BF10 = 268.885. It is worth 

noting that, despite the significant difference between fear ratings to the CS+ and CS-, fear 

ratings here are quite low, relatively speaking. There was no significant main effect of 

response effort, F(1, 35) = 3.46, p = .071, ηp
2 = .090, BF10 = 0.552, or CS × response effort 

interaction, F(1, 35) = 0.02, p = .894, ηp
2 = .001, BFincl = 738374.575.

The 2 (CS) × 2 (response effort) × 2 (phase) RM-ANOVA comparing the final block 

of the extinction and feedback removal phase with the re-extinction phase revealed a 

significant main effect of CS, F(1, 35) = 7.68, p = .009, d = 0.58, BF10 = 31093.278, with 

greater fear reported to the CS+ (M = 12.15 [5.22, 12.08], SD = 20.48) than the CS- (M = 

3.18 [0.63, 5.74], SD = 7.55). There was also a significant main effect of response effort, F(1, 

35) = 4.87, p = .034, d = 0.26, BF10 = 0.639, with greater fear reported to the high response 

effort stimuli (M = 9.34 [4.50, 14.18], SD = 14.30) than the low effort stimuli (M = 6.00 

[2.22, 9.78], SD = 11.17). No further main effects or interactions were significant (all p’s > 

.081).

SCR. There were no significant main effects or interactions during re-extinction (all 

p’s > .05).

Proportion of avoidance. During the re-extinction phase, the 2 (CS) × 2 (response 

effort) RM-ANOVA revealed a significant main effect of CS, F(1, 35) = 11.29, p = .002, d = 

Page 21 of 60

Quarterly Journal of Experimental Psychology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Author Accepted Manuscript

DOI: 10.1177/17470218221127660



Peer Review Version

Avoidance Effort 21

0.55, BF10 = 25358.563, with significantly greater avoidance to the CS+ (M = 51.39 [35.88, 

66.90], SD = 45.84) than the CS- (M = 27.32 [13.30, 41.33], SD = 41.44). There was no 

significant main effect of response effort, F(1, 35) = 0.49, p = .487, d = 0.05, BF10 = 0.189, 

and no significant CS × response effort interaction, F(1, 35) = 0.25, p = .624, ηp
2 = .007, 

BFincl = 0.274.

A 2 (CS) × 2 (response effort) × 2 (phase) RM-ANOVA was conducted to compare 

the change in proportion of avoidance from the extinction and feedback removal phase to the 

re-extinction phase. There was a significant main effect of phase, F(1, 35) = 17.42, p < .001, 

d = 0.58, BF10 = 962772.064, with an increase in avoidance from the extinction and feedback 

removal (M = 19.83 [10.36, 29.30], SD = 27.98) to the re-extinction phase (M = 39.35 [26.48, 

52.22], SD = 38.04). As expected, there was significantly greater avoidance to the CS+ (M = 

38.74 [26.80, 50.67], SD = 35.27) than the CS- (M = 20.45 [9.42, 31.47], SD = 32.59), F(1, 

35) = 12.81, p = .001, d = 0.54, BF10 = 122314.300. Similarly, there was significantly greater 

avoidance to the low effort stimuli (M = 31.48 [20.89, 42.07], SD = 31.30) than the high 

effort stimuli (M = 27.70 [17.46, 37.94], SD = 30.27), F(1, 35) = 4.29, p = .046, d = 0.12, 

BF10 = 0.224, although Bayesian analysis indicated no evidence for the alternative hypothesis 

over the null. No further interactions were significant (all F’s < 3.92, all p’s > .056). 

Analysis of mean number of avoidance responses revealed a significant cue x effort 

interaction, F(1, 2) = 44.212, p = 0.022, ηp
2 = 0.020, BF10 = 0.362, with follow up tests 

highlighting significantly greater responding on CS+ High effort trials relative to all other 

trial types (ps 0.019 to = 0.008) with comparable and non-significant avoidance only on CS+ 

Low and CS- Low trials (p = 0.094).

Discussion

In Experiment 1, we conducted a within-subjects differential conditioned avoidance 

task, whereby the CS+ and CS- each had Low (FR-5) and High (FR-20) response effort 
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requirements. We hypothesised that low response effort would result in ongoing avoidance, 

threat expectancy and fear ratings to the Low effort CS+, while there would be a reduction in 

avoidance, threat expectancy and fear to the High effort CS+ throughout the extinction phase. 

This hypothesis was not supported, with a stimulus non-specific reduction in threat 

expectancy throughout extinction. Alternatively, fear ratings showed that participants 

reported greater fear of the High effort CS+ and the High effort CS- compared to their low 

effort counterparts. This effect did not result in a greater or lesser proportion of avoidance 

during the extinction phase. These results from Experiment 1 bear similarity with previous 

demonstrations of avoidance and protection from extinction (Lovibond et al., 2009; Rattel et 

al., 2016; Volders et al., 2012).

Second, we also predicted that, during the extinction and feedback removal phase, 

there would be ongoing avoidance, threat expectancy and fear ratings to the low effort CS+ 

with a reduction in responding to the High effort CS+. This hypothesis was partially 

supported. While participants avoided the Low effort CS+ more frequently than the high 

effort CS+ during the extinction and feedback removal phase, participants continued to report 

greater fear to the High effort CS+ compared to the Low effort CS+. These findings may be 

related, at least in part, to participants perceiving avoidance as ineffective given the absence 

of on-screen visual changes in the avoidance bar. This possibility, combined with the fact that 

this phase was not, strictly speaking, an extinction with response prevention procedure (ERP) 

because participants could still make the avoidance response, may explain the abrupt 

decrease in avoidance. In future work, actively preventing avoidance (rather than signalling 

that avoidance was no longer available; Dymond, 2019; Vervliet & Indekeu, 2015) would 

constitute a stronger test of competing accounts.

Third, our hypothesis was supported that there were no differences between the High 

or Low effort CS+ during the re-extinction phase, as indicated by Bayesian analysis. We did, 
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however, find that rates of avoidance increased from the extinction and feedback removal 

phase to the re-extinction phase. It could be that the removal of onscreen visual feedback 

increased the perceived threat value of stimuli or functioned as a safety signal (Fernando et 

al., 2014; Weisman & Litner, 1972) or functioned in compound with a form of ERP to 

generated the observed effects. While frequentist analysis indicated that this effect was most 

prominent for low effort stimuli, Bayesian statistics did not support the evidence for the 

alternative hypothesis over the null. Overall, the return to a re-extinction phase may have 

been comparable to removing response prevention which is known to promote recovery or 

renewal of fear and low-cost avoidance (Vervliet & Indekeu, 2015).

In summary, the key finding from Experiment 1 was that removal, or prevention, of 

visual feedback about the potential success of avoidance at cancelling shock resulted in return 

of CS+ avoidance during the re-extinction phase. Further, there was an increase in threat 

expectancy from the extinction and feedback removal phase to the re-extinction phase, but 

this effect did not differ based on CS+/- or the response effort required for avoidance.

Experiment 2

In Experiment 2, the extinction and feedback removal phase was extended, and, as 

there were no differences in proportion of avoidance between the avoidance and extinction 

phases in Experiment 1, the extinction phase was removed, and participants moved directly to 

extinction and feedback removal (Figure 5). To test the persistence of extinction, avoidance 

was observed during return of fear conditions. Return of fear is a common phenomenon 

observed following anxiety treatment and diminishing return of fear is a priority in improving 

therapeutic efficacy (Vervliet et al., 2014). We used reinstatement as the laboratory model of 

return of fear, which involves unsignaled presentations of the US following fear extinction 

(Bouton, 2002; Haaker et al., 2014; Zuj et al., 2018). Reinstatement is analogous to situations 

in which a person is exposed to the feared outcome without prior CS signalling, such as 
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experiencing a panic attack in the absence of expected situational triggers (Zuj & Norrholm, 

2019). Little research has been conducted on the reinstatement of avoidance (Cameron et al., 

2015; Urcelay et al., 2019). Krypotos and Engelhard (2018) found that their reinstatement 

test showed an increase in anxiety ratings, but no marked difference in avoidance responding, 

compared to the preceding extinction with response prevention phase. The authors 

hypothesised that avoidance responding remained low as participants were not explicitly 

instructed on the effectiveness of the avoidance response during the test phase. 

In Experiment 2, therefore, reinstatement stimuli were presented to investigate 

whether fear ratings would similarly increase following reinstatement without discernible 

difference in avoidance responding and whether response effort would influence avoidance 

responding following reinstatement. The primary hypothesis for Experiment 2 was that 

following an extended extinction and feedback removal phase, avoidance, threat expectancy 

and fear ratings of the CS+ High and CS+ Low would both decrease. The secondary 

hypothesis was that following reinstatement, return of elevated threat expectancy and fear 

ratings would be observed but with no effect on proportion of avoidance responding.

Experiment 2

Method

Participants

A total of 41 participants were recruited from Swansea University, aged from 18-32 

years (M = 20.2 years, SD = 2.8 years), with 26 females and 15 males. Three participants 

failed to meet the learning criteria in avoidance conditioning and one participant was 

excluded due to missing data, resulting in a total of 37 participants’ data eligible for analysis. 

The study was approved by the School of Psychology Research Ethics Committee, Swansea 

University and informed consent was provided at the outset. Participants were compensated 

with course credit on completion.
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Apparatus

Apparatus used, measures obtained, and stimuli presented were identical to those 

described in Experiment 1. 

Procedure

As before, participants completed the consent form upon arrival and then underwent 

shock calibration and the attachment of skin conductance electrodes. Participants were given 

identical instructions, habituation, and training trials as Experiment 1. Experiment 2 consisted 

of 5 phases: threat conditioning, avoidance conditioning, extinction and feedback removal, 

extinction, and re-extinction. Notable changes to Experiment 2 from Experiment 1 include 

swapping the order of phases with the extinction and feedback removal phase coming before 

the extinction phase, and the re-extinction phase coming after unsignaled reinstatement 

stimuli.

Reinstatement began immediately following the extinction phase and involved a blank 

screen for 2 minutes with 4 unsignaled deliveries of the US in the absence of a preceding CS. 

The timing of shocks was pseudo-randomized with an interval ranging between 20-40 s 

between shocks. The re-extinction phase began immediately following reinstatement, 

whereby participants were presented with a total of 12 trials (3 trials per CS). Like the 

avoidance conditioning phase, the avoidance bar would appear 5 s after CS onset and would 

‘fill up’ incrementally following each spacebar press dependent on response effort condition. 

Regardless of the number of avoidance responses made, CSs were never followed by the US 

throughout the re-extinction phase.

***Insert Figure 5 About Here***

Statistical analyses

SCR amplitude data was range-corrected for each participant and square root 

transformed prior to analyses. Due to missing data, 15 participants were excluded from 
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analyses of SCR, and a further five participants were identified as ‘non-responders’, which 

resulted in a final sample for SCR analyses of n = 17.

Analysis strategies were the same as Experiment 1, with the addition of a pre- and 

post-reinstatement analysis. Reinstatement effects were analysed using a 2 (CS) × 2 (response 

effort) × 2 (time) RM-ANOVA, where time used the average of the final trial block of the 

extinction phase and the first block of the re-extinction phase (Haaker et al., 2014; Kindt et 

al., 2009; Soeter & Kindt, 2010; Zuj et al., 2018). Greenhouse-Geisser corrected degrees of 

freedom and epsilon values are reported for all repeated measures ANOVAs. Effect sizes are 

reported as partial eta-squared (ηp
2) and Cohen’s d. As with Experiment 1, the Bayes factor is 

reported for all analyses, assessing the weight of the evidence for the alternative hypothesis 

against the null hypothesis (BF10). For main effects, the BF10 is reported, and for interactions 

the inclusion Bayes factor (BFincl) across matched models is reported.

Results

Threat conditioning

Threat expectancy. A 2 (CS) × 2 (response effort) RM-ANOVA revealed a 

significant main effect of CS, F(1, 36) = 214.23, p < .001, d = 4.56, BF10 = 5.339e +43, with 

higher threat expectancy ratings to the CS+ (M = 87.24 [81.48, 93.00], SD = 17.28) than the 

CS- (M = 11.36 [6.03, 16.69], SD = 15.97). No further main effects or interactions were 

significant (p’s > .399).

Fear ratings. The 2 (CS) × 2 (response effort) RM-ANOVA revealed a significant 

main effect of CS, F(1, 36) = 95.32, p < .001, d = 2.27, BF10 = 1.000, and a significant CS × 

response effort interaction, F(1, 36) = 4.72, p = .037, ηp
2 = .116, BFincl = 1.729, showing 

significantly lower fear ratings for the high effort CS+ than the low effort CS+ (p = .017), 

and no significant difference between the low and high effort CS- (p = .239). As the low and 

high effort contingencies are not encountered until the avoidance conditioning phase, we 
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expect this difference is due to random variation. The response effort main effect was not 

significant (p = .323).

SCR. During threat conditioning, there was a significant main effect of CS, F(1, 13) = 

15.28, p = .002, d = 1.13, BF10 = 1.000, which was superseded by a significant CS × trial 

interaction, F(1.62, 21.05) = 5.60, p = .015, ηp
2 = .301, ε = .810, BFincl = 5.847. Follow-up 

test of simple main effects showed that there was no significant difference between the CS+ 

and CS- at trial 1 (p = .702), but there was at trial 3 (p < .001) suggesting differential 

conditioned responding in SCR amplitude data. No other main effects or interactions were 

significant (all p’s > .100).

***Insert Figure 6 About Here***

Avoidance conditioning. 

Threat expectancy. Here, threat expectancy was significantly higher for the CS+ (M = 

49.69 [39.73, 59.65], SD = 29.87) than the CS- (M = 6.71 [2.82, 10.60], SD = 11.66), F(1, 36) 

= 83.59, p < .001, d = 1.90, BF10 = 1.242e+93. Further, there was a significant main effect of 

response effort, F(1, 36) = 8.96, p = .005, d = 0.23, BF10 = 0.355, with higher threat 

expectancy for high effort stimuli (M = 30.27 [24.01, 36.53], SD = 18.78) than low effort 

stimuli (M = 26.13 [20.33, 31.93], SD = 17.38). Finally, there was a significant main effect of 

trial block, F(2.20, 79.04) = 7.72, p = .001, ηp
2 = .177, ε = .732, BF10 = 0.054, with threat 

expectancy decreasing throughout the avoidance conditioning phase (see Figure 6). No 

further main effects or interactions were significant (all p’s > .079).

Fear ratings. The 2 (CS) × 2 (response effort) × 4 (trial block) RM-ANOVA revealed 

significant main effects of CS, F(1, 35) = 85.31, p < .001, d = 1.96, BF10 = 0.825, and block, 

F(1.58, 55.27) = 5.28, p = .013, ηp
2 = .131, ε = .602, BF10 = 1.870e-89. These main effects 

were superseded by a significant CS × block interaction, F(1.81, 63.22) = 3.48, p = .041, ηp
2 

= .090, ε = .602, BFincl = 0.152, showing a significant reduction in fear ratings to the CS+ 
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from block 1 to block 4 (p = .030) with no significant change for fear ratings to the CS- (p = 

1.000). There was also a significant main effect of response effort, F(1, 35) = 9.90, p = .003, 

d = 0.23, BF10 = 1.012e-88, with higher fear ratings reported to the high effort stimuli (M = 

31.47 [25.71, 37.22], SD = 17.01) than the low effort stimuli (M = 27.57 [21.92, 33.23], SD = 

16.70). No further main effects or interactions were significant (p’s > .094).

Proportion of avoidance. Three participants failed to meet the learning criteria and 

were excluded from further analysis. As participants learned the avoidance response, there 

was a significant main effect of CS, F(1, 36) = 141.29, p < .001, d = 2.77, BF10 = 1.000, with 

greater proportion of avoidance to the CS+ (M = 96.73 [94.17, 99.30], SD = 7.68) than the 

CS- (M = 23.20 [10.93, 35.47], SD = 36.81). Further, there was a significant main effect of 

response effort, F(1, 36) = 6.93, p = .012, d = 0.20, BF10 = 9.493e-39, with significantly 

greater proportion of avoidance to the low effort stimuli (M = 61.94 [55.49, 68.38], SD = 

19.32) than the high effort stimuli (M = 58.00 [51.55, 64.44], SD = 19.33). The CS × 

response effort interaction was not significant, F(1, 36) = 2.40, p = .130, ηp
2 = .062, BFincl = 

0.260.

Analysis of mean number of avoidance responses (binned per 3 trials) revealed a 

significant cue x effort interaction, F(1, 3) = 159.06, p = 0.001, ηp
2 = 0.981, BF10 = 1.000, 

with follow up tests highlighting significantly greater responding on CS+ High effort trials (p 

< 0.001).

SCR. The 2 (CS) × 2 (response effort) × 12 (trial) RM-ANOVA showed a significant 

main effect of trial, F(5.50, 71.47) = 2.41, p = .039, ηp
2 = .157, ε = .500, BF10 = 0.018, with a 

general decrease in SCR amplitude across the avoidance conditioning phase. No further main 

effects or interactions were significant (all p’s > .110).

***Insert Figure 7 About Here***
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Extinction and feedback removal

Threat expectancy. During the extinction and feedback removal phase, the 2 (CS) × 2 

(response effort) × 3 (trial block) RM-ANOVA found a significant main effect of CS, F(1, 

36) = 32.49, p < .001, d = 1.07, BF10 = 4.816e+25, with higher threat expectancy for the CS+ 

(M = 26.02 [17.48, 34.56], SD = 25.60) than the CS- (M = 4.77 [0.89, 8.64], SD = 11.62). 

Further, there was a significant main effect of trial block, F(1.53, 54.97) = 18.39, p < .001, 

ηp
2 = .338, ε = .763, BF10 = 339227.328, with decreasing threat expectancy over the phase 

(Figure 6). There was also a significant CS × block interaction, F(1.62, 58.31) = 14.11, p < 

.001, ηp
2 = .282, ε = .810, BFincl = 0.057. Tests of simple main effects revealed there were 

significant reductions in threat expectancy to the CS+ from block 1 to block 2 (p = .001) and 

from block 2 to block 3 (p = .018), with no significant changes in responding to the CS- (p’s 

> .434). No further main effects or interactions were significant (all p’s > .089).

Fear ratings. During the extinction and feedback removal phase there was a 

significant main effect of CS, F(1, 35) = 32.68, p < .001, d = 1.09, BF10 = 2.560e-9, and a 

significant CS × response effort interaction, F(1, 35) = 6.01, p = .019, ηp
2 = .146, BFincl = 

0.214. Tests of simple main effects showed the high effort CS+ was rated more fearfully than 

the low effort CS+ (p = .041) with no significant difference between the high and low effort 

CS- (p = .511). ANOVA also revealed a significant main effect of trial block, F(1.44, 50.54) 

= 19.35, p < .001, ηp
2 = .356, ε = .722, BF10 = 2.812e-35, showing a reduction in fear ratings 

throughout the extinction and feedback removal phase irrespective of CS and response effort. 

No further main effects or interactions were significant (p’s > .304). 

Proportion of avoidance. During the extinction and feedback removal phase there 

were significant main effects of CS, F(1, 36) = 23.35, p < .001, d = 1.00, BF10 = 0.011, and 

response effort, F(1, 36) = 18.26, p < .001, d = 0.64, BF10 = 6.442e-8; however, interpretation 

of these main effects was superseded by a significant CS × response effort interaction, F(1, 
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36) = 4.40, p = .043, ηp
2 = .109, BFincl = 0.397. Tests of simple main effects show that 

avoidance proportions were significantly higher for the low effort CS+ than the high effort 

CS+ (MDIFF = 17.72, SEM = 4.42, p < .001), and this pattern was the same for the low and 

high effort CS- (MDIFF = 9.61, SEM = 2.89, p = .002).

Analysis of mean number of avoidance responses (binned per 3 trials) revealed a main 

effect of CS, F(1, 2) = 3.000, p = 0.225, d = -0.091, BF10 = 0.570.

SCR. There were no significant main effects or interactions during the extinction and 

feedback removal phase (p’s > .088).

***Insert Figure 8 About Here***

Extinction

Threat expectancy. Similar to the extinction and feedback removal phase, the 

extinction phase showed significant main effects of CS, F(1, 36) = 23.23, p < .001, d = 0.99, 

BF10 = 2.465e+30, and trial block, F(1.51, 54.28) = 6.34, p = .007, ηp
2 = .150, ε = .754. These 

main effects were superseded by a significant CS × block interaction, F(1.59, 57.30) = 9.82, 

p = .001, ηp
2 = .214, ε = .796, BFincl = 0.057. Tests of simple main effects showed that for the 

CS+ there was no significant change in threat expectancy from block 1 to block 2 (p = .192) 

but there was a significant reduction from block 2 to block 3 (p = .007). There were no 

significant changes in responding to the CS- (p’s > .689). No further main effects or 

interactions were significant (p = .161).

Fear ratings. The 2 (CS) × 2 (response effort) × 3 (trial block) RM-ANOVA found a 

significant main effect of CS, F(1, 35) = 27.09, p < .001, d = 1.09, BF10 = 1.000, with 

significantly higher fear ratings to the CS+ (M = 26.15 [16.12, 36.19], SD = 29.66) than the 

CS- (M = 2.48 [-0.15, 5.12], SD = 7.78). Further, there were significantly higher fear ratings 

to the high effort stimuli (M = 15.12 [9.19, 21.05], SD = 17.53) than the low effort stimuli (M 

= 13.52 [7.96, 19.08], SD = 16.43), F(1, 35) = 5.14, p = .030, d = 0.09, BF10 = 5.766e-38. 
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Finally, there was also a significant main effect of trial block, F(1.23, 43.05) = 5.40, p = .019, 

ηp
2 = .134, ε = .615, BFincl = 5.378e-38, showing a general reduction in fear ratings 

throughout the extinction phase irrespective of CS-type and response effort (see Figure 6).

Proportion of avoidance. During the extinction phase, the 2 (CS) × 2 (response 

effort) ANOVA revealed a significant main effect of CS, F(1, 36) = 52.90, p < .001, d = 1.48, 

BF10 = 1.000, with significantly higher proportion of avoidance persisting for the CS+ (M = 

65.92 [51.01, 80.83], SD = 44.71) compared to the CS- (M = 11.11 [2.00, 20.23], SD = 

27.34). Further, there was significantly higher proportion of avoidance for the low effort 

stimuli (M = 40.09 [30.18, 50.00], SD = 29.72) than the high effort stimuli (M = 36.94 [27.30, 

46.57], SD = 28.91), F(1, 36) = 8.40, p = .006, d = 0.11, BF10 = 4.929e-21. The CS × 

response effort interaction was not significant, F(1, 36) = 0.15, p = .702, ηp
2 = .004, BFincl = 

0.247. 

Analysis of mean number of avoidance responses (binned per 3 trials) revealed a 

significant cue x effort interaction, F(1,2) = 38.368, p = 0.025, ηp
2 = 0.174, BF10 = 0.245, 

with post hoc tests showing that responding only differed on CS+ High and CS- High (p 

=0.007) trials. 

SCR. There were no significant main effects or interactions during extinction (p’s > 

.148).

Re-extinction

Threat expectancy. The 2 (CS) × 2 (response effort) × 2 (time) RM-ANOVA found 

significant main effects of CS, F(1, 36) = 21.89, p < .001, d = 0.98, BF10 = 0.029, and time, 

F(1, 36) = 9.00, p = .005, d = 0.33, BF10 = 3.328e-19. These main effects were superseded by 

a significant CS × time interaction, F(1, 36) = 12.18, p = .001, ηp
2 = .253, BFincl = . 

Bonferroni-corrected test of simple main effects showed a significant increase in threat 

expectancy ratings from extinction to re-extinction for the CS+ (p = .001) but not the CS- (p 
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= .978). Additionally, there was a significant response effort × time interaction, F(1, 36) = 

4.32, p = .045, ηp
2 = .107, BFincl = 6.503, showing a significant threat expectancy increase 

following reinstatement for the high effort (p = .001) but not the low effort stimuli (p = .069). 

The CS × response effort interaction approached statistical significance, F(1, 36) = 4.02, p = 

.053, ηp
2 = .100, BF10 = 0.242. No further main effects or interactions were significant (p’s > 

.334).

Fear ratings. The 2 (CS) × 2 (response effort) × 2 (time) RM-ANOVA revealed 

significant main effects of CS, F(1, 35) = 30.33, p < .001, d = 1.17, BF10 = 0.228, and time, 

F(1, 35) = 9.95, p = .003, d = 0.32, BF10 = 4.826e-26. These main effects were superseded by 

a significant CS × time interaction, F(1, 35) = 8.15, p = .007, ηp
2 = .189, BFincl = 0.905. Tests 

of simple main effects showed a significant increase in fear ratings following reinstatement 

for the CS+ (p = .003) but not the CS- (p = .133). There was also a significant main effect of 

response effort, F(1, 35) = 4.38, p = .044, d = 0.10, BF10 = 6.281e-27, showing higher fear 

ratings for the high effort stimuli (M = 15.68 [9.96, 21.41], SD = 16.93) compared to the low 

effort stimuli (M = 14.04 [8.72, 19.36], SD = 15.72). No further interactions were significant 

(p’s > .126).

Proportion of avoidance. The 2 (CS) × 2 (response effort) × 2 (time) RM-ANOVA 

revealed a significant main effect of response effort, F(1, 36) = 8.18, p = .007, d = 0.08, BF10 

= 5.947e-44, showing higher avoidance proportion for the low effort (M = 39.19 [29.35, 

49.03], SD = 29.51) than the high effort stimuli (M = 36.71 [26.94, 46.48], SD = 29.29). 

While there was a significant main effect of CS, F(1, 36) = 49.68, p < .001, d = 1.41, BF10 = 

1.000, there was a significant CS × time interaction, F(1, 36) = 4.23, p = .047, ηp
2 = .105, 

BFincl = 0.239. Bonferroni-corrected tests of simple main effects showed that there were 

significant differences between the CS+ and CS- both pre- and post-reinstatement (p’s < 

.001); however, there was no significant increase in proportion of avoidance post-
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reinstatement for the CS+ (p = .163) or the CS- (p = .422). No further main effects or 

interactions were significant (all p’s > .214).

One-way ANOVA of mean number of avoidance responses (trial by trial) revealed a 

significant main effect of cue, F(3,8) = 6.499, p = 0.015, ηp
2 = 0.709, BF10 = 1.00, with 

responding on CS+ High trials significantly greater than on all other trial types (ps < 0.05).

SCR. There were no significant main effects or interactions in assessing the effect of 

reinstatement during re-extinction (p’s > .267).

Discussion

In Experiment 2, we conducted a further within-subjects investigation with both the 

CS+ and CS- having low (FR-5) and high (FR-20) response effort requirements. It was 

hypothesised that following extinction and feedback removal, avoidance, threat expectancy 

and fear of the High and Low CS+s would decrease. We again observed near-perfect rates of 

successful avoidance during avoidance conditioning for both CS+ High and Low trials, while 

maintaining low rates of avoidance in the presence of the two CS-s. Threat expectancy was 

higher for CS+ High than CS+ Low. Similarly, avoidance, expectancy and fear measures all 

decreased during extinction and feedback removal – again, like in Experiment 1, this may 

have been influenced by the perception that US-avoidance was ineffective given the absence 

of on-screen visual changes in the avoidance bar. Interestingly, fear and threat expectancy 

remained elevated for the CS+ High than all other CSs. During the extinction test, avoidance 

responses during low effort trials, regardless of CS (i.e., both CS+ Low and CS- Low), 

remained significantly higher than high effort trials, while avoidance responses made in the 

presence of CS+ trials tended to be significantly higher than those for CS- trials. Threat 

expectancy declined on CS+ trials, but both expectancy and fear remained higher on CS+ 

than CS- trials. During the reinstatement test, as expected, there were no differences in the 
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proportion of avoidance between phases, while both fear and threat expectancy increased for 

the CS+s relative to the CS-. 

Our secondary hypothesis was also supported. That is, we observed a return of 

elevated threat expectancy and fear with no effect on proportion of avoidance. Responding on 

low effort trials remained higher than high effort trials during reinstatement testing, 

indicating differential persistence and recovery of avoidance. The undifferentiated SCR data 

seen from avoidance conditioning perhaps reflected the complex experimental design 

involving multiple phases of acquisition, extinction, recovery, and re-extinction (Lonsdorf et 

al., 2017; Ney et al., 2020; Sjouwerman & Lonsdorf, 2020). 

General Discussion

The present study reports the findings of two laboratory-based analogue studies of the 

maintenance, reduction, and renewal of high and low response effort avoidance on FR-20 and 

FR-5 schedules of shock cancellation. Experiment 1 found non-differential persistence of 

avoidance and increased fear and threat expectancy during re-extinction, while Experiment 2 

found an absence of discriminated avoidance responding and increased fear and threat 

expectancy during reinstatement testing. We will discuss each of these main findings in turn.

Response effort and persistent avoidance

In Experiment 1, we expected the response effort manipulation would have greater 

impact on extinction of the High effort relative to the Low effort CS+ across all measures. In 

fact, the manipulation worked similarly across cues. Threat expectancy declined similarly for 

both cues, while the High effort CSs each retained greater fear than the Low effort CSs, and 

avoidance responding remained unchanged. The observed decline in threat expectancy is 

common in avoidance learning research (San Martín et al., 2020; Vervliet & Indekeu, 2015; 

Vervliet et al., 2017). However, the comparable levels of US-avoidance evoked by the CS+s 
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more likely explains the non-differential decline in threat expectancy; ratings thus reflected 

the perceived likelihood of shock following High or Low CS+s. Despite threat expectancy 

being assessed at the end of trial-blocks and not trial-by-trial (Boddez et al., 2013), 

participants still reliably learned of the modulatory effects of avoidance on US cancellation. 

It would be helpful in future research on avoidance response effort to employ trial-by-trial 

expectancy measures capable of fully differentiating the modulatory (presence/absence) 

effects of avoidance from other task-specific features such as our feedback removal phase.

Avoidance was comparable across the response effort manipulation in all phases 

except during the extinction and feedback removal phase, where the proportion of avoidance 

responding was lower for the High effort CS+ than the Low effort CS+ (Figure 4). Renewed 

levels of avoidance were seen during the brief, final re-extinction phase with non-

discriminated responding across both CS+ types. The temporary and unpredicted change in 

the proportion of avoidance during extinction and feedback removal likely reflected the 

impact of the original schedule of reinforcement histories for high effort avoidance. That is, 

in the absence of the on-screen feedback, and with all US deliveries withheld, high effort FR-

20 avoidance responding was briefly more responsive to extinction learning and decreased 

across trials. The number of CS+ high effort responses was lower on these trials than during 

the previous extinction phase, which may indicate an immediate molar effect of the extinction 

and feedback removal contingencies on the early bouts of FR responding (i.e., within the first 

10 or so trials) rather than molecular contingencies governing the FR schedule requirement 

(Baum, 2002; Vaughan & Miller, 1984). Cleary, this enhanced extinction procedure worked 

to reduce responding across extended time periods (i.e., experimental phases) and response 

sequences in an integrated, molar-like manner in much the same way as an extinction with 

response prevention procedure (Rattel et al., 2017). Of course, the effect was transient and 

likely partially controlled by the context provided by the removal and subsequent 
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reinstatement of the onscreen response-produced feedback (Hineline, 1981). To that extent, 

the onscreen feedback may have exerted both a molecular and discriminative-like (i.e., 

response-prevention) function, promoting poor schedule control/sensitivity in its presence 

and greater sensitivity to extinction in its absence. 

Our findings did reveal higher, sustained fear ratings for CSs requiring high compared 

to low response effort. This provides supportive evidence for a reinforcement schedule effect 

on the maintenance of self-reported fear and likely mirrors the range of avoidant behaviours 

performed by individuals with anxiety in coping with threat. The completion of the FR-20 

response requirement for both CS+ and CS- (although response rates were predictably low 

and approaching zero for CS-) is analogous to the maladaptive behavioural routines of 

anxious coping whereby the feared event is prevented or avoided while high levels of fear 

remain intact. For instance, an individual with social anxiety disorder may fear social 

interactions and situations in the workplace with potential for scrutiny or negative judgement 

by others and hence engage in excessive avoidance to reduce threat (Penninx et al., 2021). 

The present findings indicate that performing multiple, high-rate avoidance responses like 

disabling phone notifications, deleting email invitations to social events with colleagues, 

avoiding shared social spaces (e.g., kitchens), working at unsocial hours or with one’s office 

door closed may only serve to maintain the perceived fearfulness of social situations and 

interactions. Fear is likely to be sustained at greater levels following high rates of excessive 

avoidance like this compared to low rates of discrete avoidance responses (e.g., working from 

home), leading to obvious treatment implications (Dymond, 2019).  

Elevated fear and threat expectancy for high-effort over low-effort cues has 

implications for understanding the complex, bidirectional relationship between fear and 

avoidance (Pittig et al., 2020). Maintained fear of the high effort CS+ may have been the 

result of extended exposure to the cues during completion of the FR response requirements, 
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with a resulting weaker association between the low effort CS+ and fear. It is possible that 

the impact of cue exposure during the high and low FR schedules may interact with other 

mechanisms such as the reliability or effectiveness of avoidance at cancelling shock (Leng & 

Vervliet, 2022; Xia et al., 2017; Zuj et al., 2020). Here, low- or high-effort avoidance CS+s 

were always followed by shock cancellation when the response requirements were met, but 

the impact of partial avoidance schedules on fear levels remains to be determined.

The present FR response-effort paradigm differs considerably from existing studies of 

low-cost avoidance. These low-cost avoidance tasks usually require minimal cost or response 

effort (e.g., button-pressing once, on a FR1) and have been criticised for failing to address the 

complexity of real-world, maladaptive avoidance repertoires (Ball & Gunaydin, 2022; 

Krypotos et al., 2018). Costly avoidance paradigms, on the other hand, contrast the 

availability of avoidance behaviour with loss of opportunity to obtain rewards. Recent studies 

have contrasted shock probabilities with reward (usually monetary) magnitude (Wong & 

Pittig, 2020, 2021) and found enhanced rates of avoidance as reward magnitude increased in 

people high in trait anxiety (Pittig & Scherbaum, 2020). Such paradigms are useful analogues 

of clinically significant maladaptive avoidance, yet they have tended to adopt dichotomous 

measures (i.e., avoidance is either performed or it is not) with low response-effort (e.g., FR1 

response requirement) on all trials. The study of costly avoidance may benefit from 

incorporation of different FR schedules of shock cancellation and/or loss of monetary 

rewards. For instance, it is possible to conceptualise of a study where every response 

completing a FR schedule requirement simultaneously reduced an accumulating reward 

amount (i.e., response-cost punishment; Fontes & Shahan, 2020; Gandarela et al., 2020; Jean-

Richard-Dit-Bressel et al., 2018). Indeed, research on costly avoidance generally 

superimposes a punishment contingency on the availability of avoidance responding. Early 

operant research findings on response suppression effects of punishment and its impact on 
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avoidance may be salutary in that regard. Using a FR1 punishment schedule on one key and 

avoidance responses on a second key that could delay or prevent responses on the other key 

from being punished, a seminal study by Azrin et al. (1965) found that increased punishment 

intensity increased avoidance in pigeons. Notably, avoidance was maintained even though it 

reduced available reinforcement rates (i.e., it incurred greater costs) and preventing 

avoidance led to greater resistance to punishment. Although the relation between negative 

reinforcement and punishment is complex, further studies are needed of high-cost/response-

effort avoidance responding in humans informed by findings from the non-human operant 

literature.

Response effort and reinstatement of avoidance

In Experiment 2, we found no differences during reinstatement testing for avoidance 

of the low or high response effort cues, while fear and threat expectancy increased for both 

CS+s relative to CS-. These findings add to the growing literature on the reinstatement of 

avoidance and extend them to a novel paradigm using FR response-effort avoidance 

extinction (Cameron et al., 2015; Dirikx et al., 2004; Norrholm et al., 2006; Urcelay et al., 

2019; Zuj et al., 2018).

The return of elevated threat expectancy and fear with no effect on avoidance that we 

observed was likely to have arisen, at least in part, due to the sequence of extinction 

procedures employed. That is, the extinction and feedback removal phase occurred before 

extinction and re-extinction, and it is possible that the combined absence of onscreen FR 

response-contingent feedback and US deliveries may have exerted a facilitative effect on 

subsequent reinstatement. There has been surprisingly little empirical work conducted on 

reinstatement in humans and many of the boundary conditions underlying the return and 

reinstatement of fear and avoidance remain to be delineated (Sjouwerman & Lonsdorf, 2020). 

Our findings suggest that the extinction and feedback removal phase was effective at 

Page 39 of 60

Quarterly Journal of Experimental Psychology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Author Accepted Manuscript

DOI: 10.1177/17470218221127660



Peer Review Version

Avoidance Effort 39

extinguishing the previously acquired avoidance response-effort, which was further 

undermined and extinguished during extinction prior to the crucial reinstatement testing. In 

this way, a potential boundary condition for the reinstatement of avoidance may be the 

confirmed extinction of responding by faded stimulus control (i.e., removal of onscreen 

feedback) and withholding of US deliveries. While the number of unsignaled reinstatement 

USs used are unlikely to have made a difference (Haaker et al., 2014; Sjouwerman & 

Lonsdorf, 2020), further empirical research is needed on both sequence and format of the 

procedural parameters necessary for the reinstatement of avoidance. 

Maladaptive and extinction-resistant response-prevention avoidance 

Ball and Gunyadin (2022) outlined a neurobehavioural model of maladaptive 

avoidance based on three central features: heightened threat appraisal, habitual avoidance, 

and trait avoidance tendency. Maladaptive avoidance refers to avoidance of safe stimuli, 

usually with costs incurred by the individual for so doing. How might we interpret the present 

findings in terms of maladaptive avoidance? According to Ball and Gunyadin, heightened 

threat appraisal involves a tendency to overestimate threat from stimuli mistakenly perceived 

as fearful and potentially dangerous and likely promotes maladaptive avoidance through high 

levels of fear. This feature is consistent with classic, two-factor theories of avoidance positing 

that ongoing avoidance of safe stimuli is motivated and maintained by fear reduction 

(Dymond & Roche, 2009), but fails to accommodate both extensions of such traditional 

accounts (e.g., Lovibond, 2006) and instances where fear and avoidance are decoupled (Pittig 

et al., 2020; Wong et al., 2022). Habitual avoidance refers to repeated instances of avoidance 

behaviour seemingly divorced from its outcomes or consequences and unrelated to perceived 

levels of fear. Accounts of habitual avoidance have emphasised the non-goal directed basis of 

these behaviours that rapidly become a default means of coping with uncertainty (Gillan & 

Robbins, 2015). Finally, trait avoidance tendency refers to individual differences resulting in 
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an increased likelihood of maladaptive avoidance. Again, here the trait avoidance tendency 

overrides level of fear and promotes a “better safe than sorry” form of coping across 

dissimilar situations (Lommen et al., 2010). 

Let us address the implications and contributions of the present experiments on 

extinction-resistant avoidance with response prevention considering these features. In 

Experiment 1, we found extinction-resistant high- and low-effort avoidance with sustained 

levels of fear and threat expectancy. This indicates a non-differential impact on maladaptive 

avoidance of heightened threat appraisal. The observation of consistently elevated fear levels 

for CSs requiring high compared to low response effort does however indicate that the 

interaction between avoidance response effort and maladaptive avoidance was maintained, at 

least in part, by heightened threat appraisal. High effort avoidance may have protected 

participants’ responding from extinction or fostered emergence of an early form of habitual 

avoidance. 

In Experiment 2, we found some evidence of the reinstatement of avoidance 

responding but did observe increased levels of fear and threat expectancy. These findings 

highlight, for the first time, reinstatement in an extinction-resistant avoidance with response 

prevention paradigm. However, the levels of avoidance we found suggests a differential 

impact of reinstatement on the different outcome measures employed. Again, it is difficult to 

interpret the findings of Experiment 2 in terms of habitual avoidance given that avoidance did 

not differ across danger and safety cues during the brief re-extinction test phase. Similarly, 

the role of trait avoidance measures in generating the observed reinstatement effects remains 

unclear (Haaker et al., 2014; Sjouwerman et al., 2020; Sjouwerman & Lonsdorf, 2020).

The present paradigm has potential for future research on maladaptive avoidance 

and testing the assumptions of neurobehavioural models (Ball & Gunyadin, 2022). For 

instance, the relative independence of the three central features of heightened threat appraisal, 
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habitual avoidance, and trait avoidance tendency may be investigated in an extinction-

resistant avoidance with response prevention paradigm where avoidance response-effort is 

varied at the outset. Investigating maladaptive avoidance in this way also allows for the 

inclusion of avoidance costs in a parametric analysis of negative reinforcement and 

punishment schedules (Dymond, 2019; Jean-Richard-Dit-Bressel et al., 2018). By extending 

or repeating test phases and overtraining avoidance it is possible to facilitate analyses of the 

potential decoupling of both performance measures and control by goal- or non-goal-based 

habitual mechanisms (Pool et al., 2021). The present paradigm also has potential for use with 

functional neuroimaging methods and in so doing revealing more of the neural structures 

underlying maladaptive avoidance (Chase et al., 2020; Schlund et al., 2016). 

US-avoidance and the validity of human avoidance paradigms

The present paradigm was developed to study US-avoidance where completion of 

the FR response requirement in the presence of CS+ prevents the scheduled occurrence of the 

shock US (Krypotos et al., 2018; Wong et al., 2022). In this way, US-avoidance is distinct 

from CS-avoidance which involves responding that prevents the occurrence of both the CS+ 

itself and the US. Thus, it is possible to distinguish between US- and CS-avoidance by 

whether it results in simultaneous CS termination; in the former, US-avoidance does not 

impact on CS presentation, while in the latter, CS-avoidance directly influences the extent of 

exposure to the CS. Our approach here, of incorporating FR-based response effort within a 

US-avoidance paradigm, is however open to alternative interpretation. For instance, 

avoidance conditioning trials began with presentation of the CS for a brief period before 

presentation of the ‘avoidance bar’; successful avoidance involved completing the ratio-based 

response requirement which produced on-screen, incremental changes in the avoidance bar. 

Filling up the bar prevented occurrence of the US and simultaneous CS+ offset. If the 

response requirement was not met, and the avoidance bar was incomplete, the US was 
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presented at CS+ offset. In this way, both the simultaneous removal of CS+ and US 

cancellation on FR-avoidance trials we employed may better resemble a form of CS-escape 

procedure. 

Avoidance in our paradigm is therefore likely to have been maintained by the 

combined negative reinforcement processes of US omission and reduction in the fear-

eliciting properties of the CS (Dymond & Roche, 2009; Wong et al., 2022). Identifying the 

relative contributions of these potentially separable behavioural mechanisms warrants further 

investigation in laboratory-based treatment studies, as does the general interplay between 

escape and avoidance in human learning (Haskell et al., 2019). The inclusion of costs or 

similar FR response-effort manipulations in studies of avoidance with humans increases face 

validity and may also benefit assessments of diagnostic validity aimed at identifying clinical 

markers of vulnerable individuals (Dymond, 2019; Krypotos et al., 2018; Wong et al., 2022). 

Clinically anxious participants may show excessive acquisition of avoidance with the present 

procedures and have greater difficulty subsequently overcoming extinction-resistant high-rate 

responding. This possibility warrants empirical examination, as are the development of novel 

treatments aimed at disrupting or extinguishing high-rate maladaptive avoidance. Indeed, the 

treatment of low-rate and high-rate avoidance may require different approaches that target the 

combined impact of the original acquisition schedule and the client’s previous, unsuccessful 

treatment attempts. 

Limitations

The present study has several limitations with implications for further research. First, 

we failed to find significant evidence for SCR measures which may have been due to the 

lengthy experimental session and multiple cue presentation format. Further research on the 

role of response-effort in avoidance extinction should incorporate alternative physiology 

measures such as fear-potentiated startle, respiration rate, and heart rate variability, perhaps 
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in shorter sessions (or multi-day studies). Second, the experiments employed a predetermined 

learning criterion of a minimum 80% response rate (i.e., avoidance responding on 10 out of 

12 trials) for at least one of the CS+s during avoidance conditioning. All participants met 

criterion in Experiment 1, while three failed to do so in Experiment 2. We chose to 

implement a relatively conservative criterion to ensure minimal contact with the FR 

avoidance schedules at cancelling upcoming shock in the presence of either CS+. Of course, 

the fact that the criterion applied to one but not both CS+s may have resulted in partial 

schedule control and warrants further investigation, such as in a future study with criteria 

applied to all cues discriminative for avoidance and non-avoidance responding, respectively 

(e.g., Dymond et al., 2007). Third, the translational validity of the response effort 

requirements may be lacking in that the FR schedules were applied to responding in the 

presence of both danger and safety cues. In the real world, active avoidance responding 

combined with passive non-avoidance contingencies may be more likely (Cornwell et al., 

2013). For instance, the socially anxious individual may take steps to avoid fearful social 

interactions or people yet withhold responding or do nothing in the presence of unfearful 

people or situations. In this way, there is greater response effort involved in actively avoiding 

feared situations than in approaching safety, which can have important treatment 

implications. Further research should develop targeted clinical treatments for extensions to 

vulnerable populations. Fourth, the crucial extinction test phases consisted of relatively few 

trials which may have been inadequate to detect stable patterns of extinguished responding. 

Finally, the present study did not administer trait measures as potential predictors of 

behavioural performance. 

Conclusion

The present findings illustrate, for the first time, the impact of high and low FR 

response effort on the extinction and return of avoidance. Results demonstrate the 
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effectiveness of an empirical paradigm capable of further adaptations to better understand the 

role of reinforcement schedules in the persistence of maladaptive avoidance.
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Figure Captions

Figure 1. Overview of phases and response contingencies in Experiment 1. (A) summarises 

the threat conditioning phase whereby two CSs were followed by shock (CS+) and two were 

not (CS-). (B) illustrates the timeline of a typical CS+ trial (reading from left to right). First, a 

CS is presented along with the hourglass denoting the time until CS offset. Second, during 

avoidance conditioning, pressing the spacebar incrementally filled the horizontal avoidance 

bar according to one of the two fixed ratio schedules. Partial responses or an incompletely 

filled avoidance bar were followed by shock; full responses or a filled avoidance bar 

cancelled shock. Third, during extinction, both partial and complete responses filled the 

avoidance bar. All shocks were withheld in this phase. Finally, in the extinction and feedback 

prevention phase, responses no longer filled up the avoidance bar and all shocks continued to 

be withheld. (C) illustrates the timeline of a typical CS- trial. All features were identical to 

those of CS+ trials apart from the absence of shock on any trial in all phases. Note: FR-20 

and FR-5 refer to the fixed-ratio schedules of US-avoidance conditioning, respectively.

Figure 2. Threat expectancy (A) and Fear (B) ratings in Experiment 1. TC refers to threat 

conditioning, AV refers to avoidance conditioning, EX refers to extinction, EX+FR refers to 

the extinction and feedback removal phase, and Re-EX refers to the re-extinction test phase. 

Numbers represent blocks per phase. Error bars represent SEM.

Figure 3. Skin conductance responses in Experiment 1. Error bars represent SEM. 

Figure 4. Proportion of avoidance responses and the mean number of responses per CS 

across all phases in Experiment 1. (A) Successful avoidance was achieved by pressing the 

spacebar either 5 times (Low) or 20 times (High) in the presence of the respective CS+. (B) 
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Total mean number of avoidance responses per phase. (C) Proportion of avoidance per phase. 

Error bars represent SEM.

Figure 5. Partial overview of test phases in Experiment 2. Following threat conditioning and 

avoidance conditioning as in Experiment 1, during the fear extinction and feedback removal 

phase, responses made in the presence of both CS+ and CS- no longer filled up the avoidance 

bar and all shocks were withheld. During extinction, both partial and complete responses 

filled the avoidance bar and shocks continued to be withheld. Then, in the presence of a blank 

screen, participants received four unsignaled shocks before being re-tested for reinstatement 

of avoidance under conditions identical to extinction.

Figure 6. Threat expectancy (A) and fear (B) ratings in Experiment 2. TC refers to threat 

conditioning, AV refers to the avoidance conditioning, EXT+FR refers to the fear extinction 

and feedback removal, EXT refers to fear extinction, and TEST refers to the reinstatement 

test phase. Numbers represent blocks per phase. Error bars represent SEM.

Figure 7. Skin conductance responses in Experiment 2. Error bars represent SEM.

Figure 8. Proportion of avoidance responses and the mean number of responses per CS 

across all phases in Experiment 2. Panels A-D represent the following phases: avoidance, 

extinction and feedback removal, extinction, and reinstatement test (re-extinction), 

respectively. (E) shows the total mean number of avoidance responses per phase. Successful 

avoidance was achieved by pressing the spacebar either 5 times (Low) or 20 times (High). 

Error bars represent SEM.
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