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Abstract
Various studies demonstrated that extinction training taking place shortly after the activation of the acquired fear could 
weaken the conditioned fear. The procedure is called post-retrieval extinction (PRE). However, from the time it emerged, it 
has suffered from inconsistencies in the ability of researchers to replicate the seemingly established effects. Extant literature 
implies that conditioned fear might be differentially sensitive to the nature of conditioned stimuli (CS) used. The aim of 
the present study, therefore, is threefold. First, we aimed to replicate Schiller et al. (Nature, 463, 49–53. 2010) procedure in 
which the PRE had produced positive results with arbitrary CSs only. Also, we examined the PRE as a function of CS type 
(ecological-fear-relevant (images of spider and snake) vs. arbitrary (images of yellow and blue circles)). Finally, we aimed 
to investigate the long-term effects of the PRE (i.e., 24 h, 15 d, and 3 mo). The study consisted of acquisition, re-activation 
and extinction, and re-extinction phases. Dependent measure was the recovery of fear responses as indexed by the skin 
conductance responses (SCRs) and arousal ratings of the participants at the last trial of the extinction and the first trial of 
the re-extinction. All groups showed significant acquisition and extinction patterns, compared to the other two groups (i.e., 
6 h after the activating CS and without an activating stimulus) only the group that undertook extinction trials 10 min after 
the activating CS showed a sustained extinction. Thus, our findings provided further evidence for the robustness of the PRE 
paradigm in preventing the recovery of extinguished fears behaviorally, both with ecological and arbitrary stimuli.
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Introduction

Fear learning is of great adaptive importance because it 
motivates organisms to identify threat signals in their envi-
ronment and, thus, cope with the source of threat more effec-
tively by forming a fear memory. Fear memory represents 
acquired associations between initially neutral stimuli (e.g., 
a visual stimulus) and intrinsically aversive consequences 
(e.g., electrical shock, unconditioned stimuli (US)). Because 
the response is conditional on the contingency between the 
two stimuli, the visual stimulus becomes a conditioned 

stimulus (CS). Thus, the fear elicited by the CS is called 
the conditioned response (CR) (Fendt & Fanselow, 1999).

Equally crucial for adaptive behavior is learning the 
change in contingency between the stimuli. Since the fear 
memory is necessary for the maintenance of conditioned 
fear, repeated presentations of the CS without any adverse 
consequence should lead to new learning that the stimulus is 
innocuous. Hence, extinction occurs when the CS occurs in 
the absence of the US, and the CS elicits decreasing amounts 
of conditioned fear as extinction trials progress (e.g., Bou-
ton, 1988; Delgado, Olsson, & Phelps, 2006; Field, 2006; 
Kindt, Soeter, & Vervliet, 2009).

Although extinction produces substantial behavioral and 
emotional effects, the loss of CS-elicited fear is usually tran-
sient. Even after comprehensive extinction training, there 
may be much recovery from the extinguished fear (Bouton, 
2002; Delamater, 2004; Rescorla, 2001). Extinction has 
several defining phenomena of relapse. The first is spon-
taneous recovery. The return of extinguished fear may be 
spontaneous (Rescorla, 2004) as a function of the length 
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of the retention interval, i.e., the time passed since the last 
presentation of CS. Generally, the longer the delay, the more 
rigorous the CR (Quirk, 2002). The second phenomenon is 
renewal. Extinguished CRs may reappear when animals are 
tested in a context different from the context of the extinc-
tion performed (Bouton, 1993; Bouton & Woods, 2008). 
The third phenomenon is reinstatement. Extinguished con-
ditioned fear responses may relapse by unsignaled presenta-
tions of the US (Dirikx et al., 2004; Rescorla & Heth, 1975). 
Thus, the violation of the expected contingency between the 
CS and the US formed during the acquisition training seems 
to be a key factor for extinction. In addition, the extinc-
tion process does not imply the reversal of acquisition but 
rather, promotes the development of new learning. Several 
inhibitory associations describe the learning motivated by 
the extinction process (e.g., inhibitory CS-US association, 
inhibitory CS-CR association, or CS-NoUS association) 
(Bouton, 2002; Rescorla, 1993). Empirical data obtained 
from the variety of preparations on various species, includ-
ing humans, widely supported these analyses of extinction 
(for detailed reviews, see Bouton, 2002; Delamater, 2004).

Given the significance of extinction in both basic and 
translational research, a substantial effort has been dedicated 
to finding ways to enhance extinction learning (Chen et al., 
2022; Craske, Hermans, & Vervliet, 2018; Fitzgerald, See-
mann, & Maren, 2014; Keller & Dunsmoor, 2020; Laborda 
& Miller, 2013; Leung, Reeks, & Westbrook, 2012; Monfils  
et  al., 2009). These efforts include, but are not limited  
to, increasing the number of extinction trials (e.g., Leung 
et al., 2007), increasing the intertrial interval (e.g., Urce-
lay, Wheeler, & Miller, 2009), extinction in various con-
texts (e.g., Bandarian Balooch & Neumann, 2011), provid-
ing reminder cues for extinction (e.g., Laborda & Miller, 
2012), and extinction shortly after conditioning (Myers 
et al., 2006). However, most of these efforts were attempts 
to improve the inhibitory effects in the competition between 
the excitatory association promoted by acquisition training 
and the inhibitory association promoted by extinction train-
ing. If the inhibitory association is stronger than the original 
excitatory fear association, the animal shows no fear of the 
CS; however, if the inhibitory association is not sufficiently 
strong to suppress fear responses, the animal responds fear-
fully (Auchter et al., 2017). Of course, this does not weaken 
the theoretical and translational significance of efforts that 
enhance extinction. Instead, they mark the ubiquity of recov-
ery from extinction, available only under restricted condi-
tions (Chan et al., 2010).

Alternatively, if the acquired fear association is altered 
by interfering with the memory upon retrieval, the subject 
would be less vulnerable to the return of fear. This inter-
ference could be achieved by retrieval of the fear memory 
after the initial consolidation, because previously formed 
fear associations are not necessarily permanent, but can 

become transiently labile and open to modification when 
directly retrieved by the presentation of a CS (Miller & Mat-
zel, 2000; Misanin, Miller, & Lewis, 1968; Schafe, Nader, & 
Le Doux, 2000; Tronson & Taylor, 2007). In line with this 
concept, Monfils et al. (2009) devised a method in which a 
single CS, as the reminder of fear association, was presented 
shortly before introducing the extinction training in fear-
conditioned rats. The procedure, called post-retrieval extinc-
tion (PRE), was found to be consistently effective in reduc-
ing conditioned fear in rats. Likewise, Schiller et al. (2010) 
trained three groups of human participants in a discrimina-
tive fear conditioning procedure. Two circles, one painted 
blue and one yellow, served as CSs. One circle (CS+) was 
repeatedly paired with an aversive electric stimulus (US), 
while the other (CS-) was not. The next day, all groups 
underwent extinction training, in which both CSs occurred 
without the US. In two groups, a single presentation of CS+ 
served as a reminder of the fear association. However, one 
group received the reminder trial 10 min before extinction, 
and the other, 6 h before. On the third day of the study, 
they reintroduced the extinction trials to obtain an assay of 
spontaneous fear recovery. The group receiving their initial 
extinction trials 10 min after the reminder (in the recon-
solidation window) showed significantly less recovery, as 
indicated by skin conductance measures. The study also pro-
vided some evidence of the long-term nature of the effect. 
However, a significant amount of fear returned in the groups 
that received traditional extinction and extinction outside 
the reconsolidation window, as typically observed across 
extinction studies (Bouton, 2002).

This early success of the PRE procedure encouraged 
many researchers to replicate these findings with humans 
(e.g., Agren et al., 2012a, Johnson & Casey, 2015; Oyarzún 
et al., 2012; Schiller et al., 2013; Sizhen et al., 2022; Stein-
furth et al., 2014) and non-human animals (e.g., Flavell & 
Lee, 2011; Jones & Monfils, 2016; Mugnaini et al., 2022; 
Nader et al., 2000; Sara, 2000; Schafe & LeDoux, 2000). 
However, subsequent research has not yielded very consist-
ent results. In human studies, some were successful in rep-
licating the PRE effect (e.g., Agren et al., 2012a; Asthana 
et al., 2015; Bjorkstrand et al., 2015; Johnson & Casey, 
2015; Liu et al., 2014; Oyarzún et al., 2012; Schiller et al., 
2010, 2013; Thompson & Lipp, 2017), while others failed 
(e.g., Fricchione et al., 2016; Golkar et al., 2012; Kindt & 
Soeter, 2013; Klucken et al., 2016; Kredlow, Unger, & Otto, 
2016; Meir Drexler et al., 2014; Soeter & Kindt, 2011).

Successful reactivation and destabilization of memory are 
crucial prerequisites for memory reconsolidation (Gisquet-
Verrier & Riccio, 2012; Piñeyro et al., 2014). Thus, for the 
memory to enter a reconsolidation process, a reminder cue 
should successfully destabilize it in the first place. Although 
not all reactivations are successful in destabilizing the con-
solidated memory, it seems a necessary step. Consequently, 
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efforts were made to identify a series of conditions that keep 
the memory from reconsolidation, called "boundary con-
ditions of reconsolidation," such as individual differences, 
memory strength, memory age, retrieval strength, prediction 
error, and genetic polymorphism (for reviews, see Agren 
et al., 2012b; Auber et al., 2013; Auchter et al., 2017; Finnie 
& Nader, 2012; Kredlow et al., 2016; Oyarzún et al., 2012; 
Schiller & Phelps, 2011; Soeter & Kindt, 2011, 2013; Zuc-
colo & Hunziker, 2019).

One critical boundary condition of PRE is the nature of 
the CS used. Since the first demonstration of PRE in humans 
(Schiller et al., 2010), in which arbitrary stimuli served as 
CSs, there has been both success and failure in replicating 
the PRE with CSs of different nature. Generally, visual prep-
arations of potentially dangerous humans and other animals 
(frightening male faces, snakes, spiders, tigers, and dogs) 
have served as the fear-relevant or ecological CSs (e.g., Fric-
chione et al., 2016; Golkar et al., 2012; Kindt & Soeter, 
2013; Meir-Drexler et al., 2014; Soeter & Kindt, 2011), and 
potentially safe cues (the pictures of colored squares or cir-
cles, mugs, different colored photo lamps, and various geo-
metric shapes) as the fear-irrelevant or arbitrary CSs (e.g., 
Bjorkstrand et al., 2016; Golkar et al., 2012; Liu et al., 2014; 
Schiller et al., 2010; Steinfurth et al., 2014).

Considering the apparent significance of the PRE in 
translational research, the effects of fear-relevant events 
on acquisition and extinction have been studied and com-
pared to the fear-irrelevant events. In a recent review, Zuc-
colo and Hunziker (2019) examined 28 studies on the PRE 
of fear, of which seven aimed to investigate the effects of 
fear-relevant CSs on the PRE. Four explicitly compared the 
impact of fear-relevant and fear-irrelevant CSs on the PRE. 
Half of the studies failed to obtain diminished conditioned 
fear responses in tests. However, a meta-analysis (Kredlow 
et al., 2016) indicated that the fear-relevance of the CS sig-
nificantly moderated the effect of PRE in humans in favor of 
the fear-irrelevant stimuli. Still, the authors noted the rela-
tively limited number of studies using fear-related stimuli, 
emphasizing the need to further validate these findings. 
Because of the inconclusive results observed in testing the 
PRE hypothesis, replication efforts are still valuable since 
the effect has not been successfully shown in non-pharmaco-
logical behavioral studies with ecologically relevant stimuli. 
However, several lines of work revealed the greater potency 
of naturalistic stimuli on various learning phenomena (for a 
review, see Domjan, 2005).

Naturalistic learning paradigms often predict that con-
ditioning phenomena would be more readily available with 
ecologically-relevant events compared to their ecologically-
irrelevant counterparts (e.g., Domjan, 2005, 2008; Domjan, 
Cusato, & Krause, 2004; Domjan & Galef 1983; Fanselow 
& Lester, 1988; Garcia, Hankins, & Rusiniak, 1974; Hol-
lis, 1982, 1997; Öhman & Mineka, 2001; Rozin & Kalat, 

1971; Seligman, 1970; Seligman & Hager, 1972; Shettle-
worth, 1998; Timberlake, 1983). Indeed, Domjan’s (1994, 
2000) research program on an animal model of sexual con-
ditioning in Japanese quail provided further insights into 
the ecological relevance of learning. Domjan's ecological 
approach predicts that learning is more likely where the CS 
has a pre-existing relationship with the US. Thus, stimuli 
and responses forming part of a given ecology will more 
effectively activate the learning process (Domjan & Krause, 
2017). Several studies in his sexual learning laboratory 
have explicitly compared the effectiveness of ecologically 
relevant stimuli on conditioned behavior, showing that 
ecological CSs were more effective in acquiring sexually 
conditioned behavior, producing second-order condition-
ing, and in resistance to blocking and extinction. Also, these 
studies show persistence in conditioned behavior through 
lengthy CS-US intervals and lower I/T ratios (for review, 
see Domjan, 2005). In addition, naturalistic learning para-
digms define ecological and arbitrary stimuli by their inher-
ent relations with US occurring in an animal's ecological 
niche (Domjan, 2000; Domjan & Galef, 1983; Rozin & 
Kalat, 1971). An arbitrary CS is unrelated to the US, and 
it rarely occurs in conjunction with a particular US under 
natural circumstances. However, ecological stimuli are cues 
that reliably precede biologically significant events (e.g., a 
US) commonly encountered by animals in their evolutionary 
histories. Thus, a natural precursor of a US is regarded as a 
naturalistic stimulus given its inherent relationship with the 
US (Çetinkaya, 2018; Domjan et al., 2004). An ecological 
relationship between CS and US is usually due to comple-
mentarity (e.g., sex-specific plumage on the head and neck 
(CS) of female quail (US)) or natural contingency (e.g., con-
textual cues reliably signaling a sexual encounter with the 
female quail) between CS and US. Moreover, this approach 
establishes a continuum extending between highly naturalis-
tic stimuli to purely arbitrary stimuli. Many studies provided 
evidence that fading ecological features of a CS resulted in 
a change in its effectiveness (e.g., in acquisition: Cusato & 
Domjan, 1998; Domjan, Akins, & Vandergriff, 1992; Hill-
iard et al., 1998; Köksal et al., 1994; in blocking: Köksal 
et al., 1994; in extinction: Krause, Cusato, & Domjan, 2003). 
Although fear conditioning studies have provided results 
similar to the fear-relevant stimuli, they regarded the effects 
of fear-related stimuli from phylogenetic and ontogenetic 
perspectives. Audio-visual presentations of life-threatening 
animals such as snakes and spiders served as phylogenetic 
or ecological CSs (e.g., Fricchione et al., 2016; Golkar et al., 
2012), while acquired fear stimuli such as guns and electri-
cal outlets functioned as ontogenetic CSs (e.g., Hugdahl & 
Jonsen, 1988).

This paradigm, by and large, is compatible with the find-
ings of fear learning. The 40 million years of co-existence 
with snakes and spiders created selection pressure on our 
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ancestors for survival, and it presumably favored those who 
associate threat cues (e.g., the sight of a dangerous spider or 
snake) with the danger itself. A natural consequence of inter-
acting with a deadly spider or snake is likely a venomous 
bite. That constitutes the basis for the pre-existing relation-
ship between a CS and an aversive US. As a result, presum-
ably, we have evolved mechanisms making us more likely to 
develop a fear of these ancestral threats (Hoehl et al., 2017). 
In case of fear-relevant stimuli, fear is acquired more read-
ily (e.g., Cook & Mineka 1987; Öhman et al., 1976; Öhman 
& Mineka, 2001; Öhman, Erixon, & Lofberg, 1975) and is 
more resistant to extinction (e.g., McNally 1987; Mineka 
& Öhman, 2002; Prokasy & Kumpfer, 1973). For example, 
people are more likely to associate an electric shock with 
fear-relevant stimuli (images of snakes, spiders, or angry 
faces) than with fear-irrelevant stimuli (flowers, mushrooms, 
or happy faces).

Considering the mixed findings from studies using PRE, 
and in order to obtain more comparable results, we employed 
Schiller et al.’s (2010) experimental strategy, which had suc-
cessfully prevented the return of acquired fear, albeit only 
with arbitrary CSs. Consequently, the present study was 
designed to include the ecological fear-related CSs.

Therefore, the present study aimed to investigate the 
effects of the stimulus type (ecological vs. arbitrary) and 
memory activation before the extinction (within or outside 
of the reconsolidation window) on the return of conditioned 
fear after successful extinction. We used a human version 
of the reconsolidation update paradigm, adapted by Schil-
ler et al. (2010), from the version initially developed for 
animal studies by Monfils and his colleagues (2009). The 
ecological and arbitrary stimuli eliciting comparable SCRs 
were predetermined in a separate study conducted with an 
independent sample (see Methods section for the details). 
Accordingly, the blue and yellow circles served as arbitrary 
CSs, and spider and snake pictures as ecological-fear rele-
vant stimuli. The paradigm consisted of a three-phase proce-
dure: acquisition, extinction (with or without reminder), and 
re-extinction phases. In the first phase, participants acquired 
conditioned fear through differential fear conditioning; CS+ 
was paired intermittently with an electrical shock while CS- 
was presented unpaired. Half of the participants were trained 
with an ecological CS+ and CS-, and the other half, with an 
arbitrary CS+ and CS-. The next day, all groups underwent 
extinction training, in which both CSs occurred without 
the US. In two groups, a single presentation of CS+ served 
as a reminder of the fear association. However, one group 
received the reminder trial 10 min before extinction (dur-
ing the reconsolidation window); the other did 6 h before 
it (after it closed). The remaining participants received the 
extinction without reactivation. The last phase was con-
ducted 24 h, 15 d, or 3 mo following the extinction phase 
to test the persistence of the extinguished fear responses at 

different retention intervals. SCRs and CS+ arousal ratings 
were recorded to index the recovery of fear responses. We 
assessed spontaneous recovery of the fear by comparing the 
SCR and arousal measurements obtained from the last trial 
of extinction and the first trial of re-extinction.

We hypothesize less effective recovery from fear when 
extinction occurred within the reconsolidation window (10 
min after reminder) compared to outside (6 h after reminder) 
or with no reminder treatment. In the face of the previous 
compelling evidence, we also predict that ecological CSs, 
even though they elicit initially comparable fear responses, 
will lead to the differences in acquisition and extinction 
of conditioned fear between ecological and arbitrary CSs. 
Finally, we expect sustained effects of the PRE across dif-
ferent retention intervals.

Materials and methods

Participants

The participants consisted of volunteer students and staff 
from the Izmir University of Economics. We first admin-
istered an evaluation form including questions about par-
ticipants’ past and current physiological/ psychological 
well-being and previous research participation experience 
to decide on eligibility. Healthy volunteers with no prior 
experience of fear or anxiety-related studies participated in 
the study (see a complete list of initial eligibility criteria 
in the Online Supplementary Material (OSM)). Although 
a sample of 326 participated initially, further elimination 
criteria were set based on the participants' attendance and 
performance. ​​Attrition (n = 13), technical problems (n = 3), 
and failures of participants in following the instructions (n = 
4) resulted in exclusion of 20 participants in total. Successful 
acquisition and extinction (as indexed by differential SCRs 
to CSs, or dSCRs) were prerequisites to assess the recovery 
of fear, therefore, a total of 87 participants were excluded 
from the study because they failed either in forming CR 
(dSCR < .10 μS for acquisition, n = 55) or in extinguishing 
CR (dSCR > .10 μS for extinction, n = 32), as assessed by 
SCR. Importantly, the type of CS had no relationship with 
the number of participants excluded; therefore, the perfor-
mance-based exclusion criteria cannot introduce a bias to 
our conclusion regarding the type of CS (see Table 1 in the 
OSM for distribution of excluded participants by stimulus 
type). The data from the remaining 219 participants (137 
female, aged between 18 and 53; mean ± SD, 21.70 ± 5.71) 
were included in the statistical analysis. The adequacy of the 
sample size was determined by a power analysis using PAN-
GEA (Power ANalysis for GEneral Anova designs, v0.2; 
Westfall, 2016). The analysis showed that the current experi-
mental design provides a power of .93 with 219 participants 

420 Learning & Behavior (2022) 50:417–432



1 3

for medium effect size (d = .45). The number of participants 
across experimental conditions was almost equal; there were 
14, 13, 12, and 11 participants in one, three, 12, and two 
groups, respectively (see Table 2 in the OSM for distribution 
of participants across 18 experimental conditions). If appli-
cable, participants were either paid a small amount or given 
partial course credit for a psychology course. The research 
was approved by the IRB of the Izmir University of Econom-
ics, where the study was carried out. All participants gave 
their written consent before participating in the study.

Stimuli

Arbitrary and ecological stimuli that were used as CSs in 
the main study were determined by a preliminary study con-
ducted on a separate sample (n = 50). No pre-screening for 
participation was implemented at this stage, and all volun-
teers were accepted as participants. Twenty pictures con-
taining ecological and arbitrary figures comprised the initial 
stimuli pool. The snake and spider pictures (five of each) 
were obtained from the internet as the candidates of eco-
logical stimuli, and blue and yellow circles in various sizes 
(five of each) were created on a visual processing software. 
The pictures appeared on a 1,024 × 768 pixels display for 4 
s with a 10–12 s variable inter-trial interval (ITI) in a rand-
omized order. Equal numbers of participants were randomly 
assigned to five presentation conditions, and their SCRs 
elicited by the stimulus pictures were recorded. Amplitudes 
of SCR (base to peak difference) evoked by each stimulus 
presentation were calculated. The average SCR was 8.44 μS 
regardless of stimuli. One picture from each category that 
elicited comparable levels of SCR to the average SCR and 
each other (H(3) = .54, p > .05) was chosen as ecological 
(snake: 8.30 μS, spider: 8.57 μS) and arbitrary (blue circle: 
7.89 μS, yellow circle: 8.22 μS) stimuli for the main study. 
While the pictures of snake and spider were 760 × 760 pix-
els, the diameters of yellow (R = 255, G = 255, B = 0) and 
blue (R = 0, G = 0, B = 255) circles were 540 pixels (see 
OSM Fig. 1 for the stimuli used in the main study).

The chosen pictures were presented at the center of a 
20-in. computer screen with a black background in the main 
study. From each category, one of the stimuli was used as 
CS+ (positive CS-US contingency), and the other was used 
as CS- (negative CS-US contingency). Stimuli serving as 
CS+ were counterbalanced across the participants. In all 
phases, the duration of the CS presentation was 4 s.

An electrical current generated by an isolated linear stim-
ulator (Model: STMISOLA; BIOPAC Systems, Inc.), serv-
ing as US, was delivered through a bar electrode (Model: 
EL350; BIOPAC Systems, Inc.) attached to the right inner 
wrist. The electrode site was cleaned, and an amount of 
electrode cream (Model: EC2; Grass Technologies) was 
applied to the electrode prior to its placement on the wrist. 

All participants determined the level of the electrical stimu-
lation themselves with the assistance of the experimenter at 
the beginning of the first session, starting from a mild level 
(around 20V) and gradually increasing over three trials to a 
maximum of 60V, until the shock reached a level which the 
participant considered as “uncomfortable but not painful” 
(e.g., Schiller et al., 2010).

In the acquisition phase, US presentations started 3,800 
ms after the CS+ onset, lasted for 200 ms, and co-termi-
nated with the CS+. The stimulator was kept in the “on” 
position with the bar electrode attached across the phases, 
even though no electrical stimulation was delivered after 
the acquisition.

Skin conductance response

SCR results from electrodermal activity were measured 
with an MP150WSW-G Data Acquisition System coupled 
with the Bionomadix Wireless Pulse and EDA Amplifier 
BN- PPGED via a Universal Interface Module UIM100C 
(BIOPAC Systems, Inc.). In addition, an isolated digital 
interface (Model: STP100C; BIOPAC Systems, Inc.) mod-
ule was used to connect the MP system to the computer 
running stimulus presentation programs to isolate digital 
inputs and outputs to and from the MP system. Disposable 
snap electrodes pre-gelled with isotonic gel (Model: EL507; 
BIOPAC Systems, Inc.) were affixed to the palm of the left 
hand (thenar and hypothenar eminence). The AcqKnowl-
edgeTM (Model: 4.2; BIOPAC Systems, Inc.) software was 
used to record and offline analyze the electrodermal activity.

The SCR magnitude (in μS) for each CS was measured as 
the base-to-peak difference (i.e., amplitude) in the 500 ms–5 
s time interval following the stimulus onset and normalized 
using square root transformation. Then the normalized SCR 
values for CSs were corrected by dividing each response by 
the participant’s average US response. The value of 0.02 μS 
was used as the minimum response criterion (see Shiller 
et al., 2010). The dSCR (SCR to CS- subtracted from SCR 
to CS+) was the principal unit for calculating acquisition, 
extinction, and spontaneous recovery scores (see Calcula-
tion of SCR Scores in the OSM for details).

Arousal scale

As the second dependent variable, the spontaneous recovery 
of the fear responses was measured with the Self-Assess-
ment Manikin (SAM) arousal scale (Lang, Bradley, & Cuth-
bert, 2005). The scale was particularly appropriate consider-
ing the significant relationship between arousal ratings and 
SCR (Lang et al., 1993). It consisted of five manikin pictures 
depicting different levels of arousal (see OSM Fig. 2), rang-
ing from 1 (very low) to 5 (very high). The arousal scale 
was used by the participants in the last trial of the extinction 
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session and the first trial of the re-extinction session to indi-
cate their feelings on seeing the CS+.

Procedure

Experimental sessions were conducted in two adjacent 
soundproof (experimental and control) rooms. Partici-
pants sat in front of a screen in the experimental room and 
received stimulus presentations (designed in SuperlabTM 
4.5). Another computer in the control room recorded SCR 
data. Experimental sessions were videotaped to ensure that 
the participants followed the basic instructions (e.g., not 
moving their arms during the experimental session).

Before the first experimental session, the stimulator was 
set to the “ON” position, and an electrical stimulation elec-
trode was attached to the participants’ right inner wrist. The 
intensity of the electrical stimulation was adjusted to a level 
defined by each individual participant as “uncomfortable, 
but not painful.” Participants were informed that this pre-
determined level of electrical stimulation would be deliv-
ered to their right inner wrist whenever required throughout 
experimental sessions. It is important to note that even if 
there was no electrical stimulation during the extinction 
and re-extinction stages, the electrical stimulation electrode 
remained attached, the electrical stimulator was set to the 
“ON” position, and the stimulation level was adjusted to the 
level previously decided by the participant. Disposable elec-
trodes were placed on the palm of the left hand connected to 
the system to collect SCR data.

Participants were requested to sit still, attend to the com-
puter screen and try to understand the association between 
the picture on the screen and the delivery of electrical stimu-
lation. All experimental sessions began with a 5-min habitu-
ation period. Hence participants were expected to adapt to 
the experimental environment while electrodermal activity 
levels stabilized at baseline levels.

The reconsolidation update procedure (as described in 
Schiller et al., 2010) consisted of three consecutive phases: 
(1) acquisition, (2) extinction, and (3) re-extinction (see 
Fig. 1). Stimulus type (ecological vs. arbitrary), reconsolida-
tion treatment prior to extinction (10 min, 6 h, no reminder), 
and retention interval prior to re-extinction (24 h, 15 d, 3 
mo) were all between-group manipulations.

Acquisition

In the first phase, participants underwent a differential Pav-
lovian fear conditioning procedure in which the designated 
CS+ was paired with the electrical stimulation in 37.5% 
of CS+ trials, while CS- was always presented alone. Par-
ticipants were assigned randomly to one of the two groups 
depending on stimulus type. For half the participants, the 
CSs were arbitrary (images of blue and yellow circles), and 

for the other half, ecological (snake and spider pictures). 
Within both stimulus type groups, the stimulus serving as a 
CS+ was counterbalanced, such that half of the participants 
saw one of the two stimuli within a stimulus category as 
CS+, and half saw the other. The acquisition phase con-
tained 26 trials (presentations of 16 CS+ and ten CS- in 
pseudo-random order), of which six CS+ presentations were 
paired with shocks. Each CS was presented for 4 s followed 
by a 10- to 12-s variable ITI. The US was delivered during 
the last 200 ms of the CS+ presentation.

Extinction

Twenty-four hours after acquisition, participants from each 
stimulus type group were randomly divided into three recon-
solidation treatment groups. A single CS+ presentation for 4 
s without US served as the reminder in two of these groups 
for memory reactivation (reactivation groups). The first 
group received the extinction trials 10 min after the reminder 
(i.e., extinction within the reconsolidation window). During 
this 10-min break, participants remained seated in the exper-
iment room and watched a video clip (from a TV show, Joy 
of Painting) and were reassured that they would not receive 
any electrical stimulation. The second group received extinc-
tion trials 6 h after the reminder (i.e., extinction outside the 
reconsolidation window). The third group did not receive a 
reminder cue and went through the extinction immediately 
(extinction without reminder). While the extinction phase 
contained 10 CS+ and 11 CS- presentations in reactivation 
groups, the no reminder group received 11 CS+ and 11 CS- 
presentations to keep the number of CS presentations equal 
across participants. All CSs were presented without US in 
a pseudorandom order for 4 s, followed by a 10- to 12-s 
variable ITI.

Re‑extinction

Spontaneous recovery of conditioned responses after extinc-
tion was measured through the re-extinction process. The 
time interval between extinction and re-extinction was 
manipulated into three levels as a retention interval variable. 
Re-extinction took place 24 h, 15 d, or 3 mo after extinc-
tion. One-third of each reconsolidation treatment group was 
randomly assigned to one of these retention interval groups. 
This phase was the same as the extinction phase with no 
reminder condition, including 4-s presentations of 11 CS+ 
and 11 CS- without the US, and ITI was 10–12 s.

At the end of all experimental sessions, we checked with 
participants to ensure that electrical stimulation was cor-
rectly delivered during acquisition, and not delivered dur-
ing extinction and re-extinction. They were also instructed 
to report which picture was seen on the screen during the 
stimulation.
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Results

Stimulus control

As stated at the outset, ecological (snake vs. spider) and 
arbitrary (yellow circle vs. blue circle) stimuli had served 
as CS+ and CS- in a counterbalanced fashion across the 
experimental phases. In order to control the counterbal-
ance variable, first, we calculated the acquisition, extinc-
tion, and re-extinction scores, as described in Schiller et al. 
(2010) (see Calculation of SCR Scores in the OSM for 
details). Then we compared SCR differences elicited by 
ecological and arbitrary CSs separately, by running six 
independent t-tests in each stimulus category (i.e., snake 

vs. spider and yellow circle vs. blue circle) across the 
experimental phases.

We found that receiving snake or spider as CS+ in 
acquisition (t(108) = .79, p > .05), extinction (t(108) = 
1.07, p > .05), and re-extinction (t(108) = 1.02, p > .05) 
or receiving blue or yellow circle as CS+ in acquisition 
(t(107) = .92, p > .05), extinction (t(107) = 1.77, p > 
.05), and re-extinction (t(107) = .91, p > .05) made no 
difference in dSCRs of the participants. Therefore, in sub-
sequent analyses, all participants who received the snake 
or spider as CS+ were collapsed into a single ecological 
stimulus group, and all those who received blue or yellow 
circles, into a single arbitrary stimulus group.

Fig. 1   Schema of experimental design. The study consisted of three 
phases. Phase 1 (Acquisition): A discriminative fear conditioning 
procedure was employed. Ecological and arbitrary stimuli served as 
CS+ and CS- in a counterbalanced fashion. Each group received 26 
trials (16 CS+ and 10 CS-, in a pseudo-random order). The partici-
pants received a brief wrist shock in six of 16 CS+ trials (37.5% of 
CS+ trials). Phase 2 (Extinction): Participants underwent extinction 
training 24 h after the acquisition. In two groups, a single presenta-
tion of a 4-s CS+ served as a reminder of the fear association. How-
ever, one group received the reminder 10 min before the extinction 
trials, and the other, 6 h before. The remaining participants under-

went extinction directly without the reminder trial. An arousal meas-
urement was taken from all participants using the Arousal Scale of 
Self-Assessment Manikin immediately after the last CS+ presentation 
of the extinction procedure. Phase 3 (Re-extinction): The extinction 
trials were repeated after different retention intervals: 24 h, 15 d, or 
3 mo after the extinction phase. Arousal measurements were taken 
soon after the presentation of the first CS+. The SCRs were recorded 
across the phases as the main dependent measure. As an index of 
spontaneous recovery, difference scores of conditioned fear were cal-
culated between the first trial of Phase 3 and the last trial of Phase 2
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Acquisition and extinction

To compare acquisition and extinction patterns across the 
trials for the reconsolidation treatment groups, we conducted 
two separate mixed ANOVAs, one for acquisition and one 
for extinction trials. In both analyses, the trial number was 
a within-subject factor, and stimulus type (ecological and 
arbitrary), reconsolidation treatment (10 min, 6 h, and no 
reminder), and retention interval (24 h, 15 d, and 3 mo) were 
between-group factors.

Figure  2 shows mean dSCRs throughout acquisition 
and extinction trials for reconsolidation treatment groups. 
Comparison of dSCRs during acquisition trials revealed a 
significant linearly increasing trend, F(1, 201) = 188.83, p 
< .05, partial ƞ2 = .48, indicating conditioned autonomic 
fear responses to CS+ increased as acquisition trials pro-
ceeded. Moreover, the observed increase was comparable 
between stimulus types (F(1, 201) = .98, p > .05), recon-
solidation treatment groups (F(2, 201) = 1.13, p > .05), 

and retention intervals (F(2, 201) = .24, p > .05). Similar 
analyses for extinction showed that the linearly decreasing 
trend observed in dSCR over extinction trials was signifi-
cant, F(1, 201) = 40.36, p < .05, partial ƞ2 = .17, with no 
significant difference between stimulus types (F(1, 201) = 
1.43, p > .05), reconsolidation treatment groups (F(2, 201) 
= .19, p > .05), or retention intervals (F(2, 201) = 2.66, p > 
.05), indicating a similar pattern of decreasing differential 
conditioned autonomic fear responses towards the end of 
the extinction session among all experimental conditions. 
Supplementary analyses showed that the decrease observed 
in dSCR during extinction was result, not of generalization 
to CS-, but a decreased SCR to CS+ (as expected) both for 
ecological and arbitrary stimuli (for detail see Tables 3–4, 
and Figs. 3 and 4 under Additional Analyses in the OSM). 
These findings provided evidence that the acquisition and 
the extinction occurred in all groups regardless of the experi-
mental conditions (i.e., stimulus type, reconsolidation treat-
ment, and retention interval).

Fig. 2   Differential SCRs (CS+ minus CS-) for ecological (upper 
panel) and arbitrary (lower panel) stimuli during acquisition and 
extinction trials by reconsolidation treatment groups (10 min, 6 h, and 
no reminder). For all groups, extinction trials began with a CS+. For 
the reactivation groups (6 h and 10 min conditions), this CS+ pres-

entation served as the reminder (1*), and the extinction trials were 
continued either 10 min or 6 h after the reminder. However, the no-
reminder group underwent extinction directly with the CS+. Error 
bars represent SEM

424 Learning & Behavior (2022) 50:417–432



1 3

Spontaneous recovery

Differential SCRs and arousal scores were analyzed utilizing 
a 2 (recovery: last trial of extinction and the first trial of re-
extinction) × 2 (stimulus type: ecological and arbitrary) × 3 
(reconsolidation treatment: 10 min, 6 h, and no reminder) × 
3 (retention interval: 24 h, 15 d, and 3 mo) mixed ANOVA 
with “recovery” as within-subject factor. Follow-up com-
parisons were performed with separate two-tailed t-tests 
with Bonferroni adjusted alpha level of .017 per test (.05/3).

Differential SCRs

A comparison between the last trial of extinction (M = -.01, 
SEM = .02) and first trial of re-extinction (M = .10, SEM 
= .03) indicated a significantly higher dSCRs for the latter, 

suggesting a significant spontaneous recovery from fear, 
F(1, 201) = 13.59, p < .001, ƞ2 = .06. Importantly, this 
finding varied as a function of the reconsolidation treatment, 
F(2, 201) = 3.74, p < .05, ƞ2 = .04 (Fig. 3). Follow-up tests 
to investigate this interaction revealed that the difference 
between dSCRs for last trial of extinction and first trial of 
re-extinction was statistically significant both for the 6-h 
group (t(70) = 3.51, p < .001, r = .39) and no-reminder 
group (t(71) = 3.48, p < .001, r = .38). However, the dSCRs 
obtained in the first trial of re-extinction did not differ from 
the last trial of extinction in the 10-min group (t(75) = .03, 
p > .05), and while the participants in both the 6-h group 
and no-reminder group showed recovery from fear, the par-
ticipants in 10-min group showed none. This interaction was 
affected neither by the stimulus type (F(2, 201) = .53, p > 
.05), nor the retention interval (F(4, 201) = .53, p > .05).

Fig. 3   The mean dSCRs (CS+ minus CS-) for the last trial of extinction and the first trial of re-extinction across reconsolidation treatment 
groups (10 min, 6 h, and no reminder). Error bars represent SEM

Fig. 4   Arousal levels of the participants for the last trial of extinction and the first trial of re-extinction across reconsolidation treatment groups 
(10 min, 6 h, and no reminder). Error bars represent SEM
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There was no statistical significance in the main effects 
of stimulus type (F(1, 201) = .25, p > .05), reconsolidation 
treatment (F(2, 201) = 1.10, p > .05), retention interval (F(2, 
201) = .11, p > .05), and stimulus type × reconsolidation 
treatment (F(2, 201) = 1.30, p > .05), reconsolidation treat-
ment × retention interval (F(4, 201) = 1.05, p > .05), stimu-
lus type × retention interval (F(2, 201) = 1.04, p > .05), 
recovery × stimulus type (F(1, 201) = 2.19, p > .05), recov-
ery × retention interval (F(2, 201) = .33, p > .05), stimulus 
type × reconsolidation treatment × retention interval (F(4, 
201) = 1.23, p > .05), recovery × stimulus type × retention 
interval (F(2, 201) = .83, p > .05), recovery x stimulus type 
× reconsolidation treatment x retention interval (F(4, 201) = 
.83, p > .05) interactions (see Table 5 in the OSM for mean 
and standard deviation values in last trial of extinction and 
first trial of re-extinction by stimulus type, reconsolidation 
treatment, and retention interval).

Arousal scores

The comparison of the arousal scores obtained in the last 
trial of extinction (M = 1.64, SEM = .06) and the first trial 
of re-extinction (M = 2.24, SEM = .08) revealed a signifi-
cant spontaneous recovery from fear, F(1, 201) = 48.01, p 
< .05, ƞ2 = .19 (Fig. 4). However, this recovery did not vary 
according to stimulus type (F(1, 201) = .24, p > .05), recon-
solidation treatment (F(2, 201) = 1.47, p > .05), or retention 
interval (F(2, 201) = 2.94, p > .05).

There was no statistical significance in the main effects 
of stimulus type (F(1, 201) = .21, p > .05), reconsolida-
tion treatment (F(2, 201) = 1.48, p > .05), retention interval 
(F(2, 201) = .29, p > .05) and stimulus type × reconsolida-
tion treatment (F(2, 201) = .41, p > .05), reconsolidation 
treatment × retention interval (F(4, 201) = 1.02, p > .05), 
stimulus type × retention interval (F(2, 201) = .95, p > .05), 
stimulus type × reconsolidation treatment × retention inter-
val (F(4, 201) = .31, p > .05), recovery × stimulus type × 
reconsolidation treatment (F(2, 201) = .94, p > .05), recov-
ery × reconsolidation treatment × retention interval (F(4, 
201) = 1.26, p > .05), recovery × stimulus type × retention 
interval (F(2, 201) = 2.48, p > .05), and recovery × stimulus 
type × reconsolidation treatment × retention interval (F(4, 
201) = 2.42, p > .05) interactions (see Table 6 in the OSM 
for mean and standard deviation values in the last trial of 
extinction and first trial of re-extinction by stimulus type, 
reconsolidation treatment, and retention interval).

The mean dSCRs obtained during acquisition, extinc-
tion, and re-extinction trials by stimulus type (ecological 
and arbitrary), reconsolidation treatment (10 min, 6 h, and 
no reminder), and retention interval (24 h, 15 d, and 3 mo) 
were presented in the OSM (see OSM Fig. 5 for acquisition 
trials, OSM Fig. 6 for extinction trials, and OSM Fig. 7 for 
re-extinction trials).

Discussion

The present study aimed to investigate the effects of the 
reconsolidation treatment, stimulus type, and the retention 
interval on the recovery of extinguished conditioned fear 
in human participants. Our findings provided further evi-
dence for the efficacy of the PRE approach (Monfils et al., 
2009; Schiller et al., 2010), which proposes that acquired 
associations are not permanent, but rather, are labile when 
activated (for review, Sara, 2000).

The robustness of the PRE effect is much influenced by 
the success of acquisition and extinction attained in the fear 
conditioning procedures (Steinfurth et al., 2014), and thus 
the associative strength obtained. Animal studies of PRE 
have already demonstrated the interfering effects of the asso-
ciative strength on the PRE (Chen et al., 2021; Suzuki et al., 
2004; Wang et al., 2009; Winters et al., 2009). Laboratory 
preparations of human PRE provide a valuable opportunity 
for controlling the strength of fear associations as the bound-
ary conditions relevant to the acquisition and extinction. The 
asymptotic associative level supported by the conditioned 
stimulus during the acquisition phase of PRE studies will 
affect subsequent extinction and re-extinction performance, 
thus the recovery levels. In this respect, the differential 
effects of the variables on acquisition, extinction, and re-
extinction may be confounding in the recovery of extinction. 
Thus, the present study obtained similar patterns of acquisi-
tion and extinction regardless of the experimental condition, 
even though the reconsolidation manipulation resulted in 
significant spontaneous recovery differences in favor of the 
group undergoing extinction trials 10 min after the reminder. 
The similar acquisition and extinction patterns across the 
experimental phases suggested that the observed lack of the 
recovery of fear evidenced in the 10 min group should be 
attributed to the PRE.

The reinforcement schedules utilized during acquisition 
may affect the vigor of behavioral and emotional effects of 
an extinction (Domjan, 2018). According to a well-exploited 
notion, a CS that is paired intermittently with a US will 
show greater resistance to extinction compared to one that 
is continuously paired (e.g., Fitzgerald, 1963; Gibbon et al., 
1980; Gibbs et al., 1978; Grady et al., 2016; Ishida & Pap-
ini, 1997; Pearce et al., 1997; Slivka & Bitterman, 1966). 
In other words, extinction will progress more rapidly after 
partial compared to continuous reinforcement (Bouton, 
2014; Horsley et al., 2012; Maren & Holmes, 2016; Res-
corla, 1999; Todd et al., 2014). This classic phenomenon is 
known as the partial reinforcement extinction effect (PREE), 
implying that more robust learning occurs under partial rein-
forcements compared to under continuous reinforcements.

Although we used a partial reinforcement schedule (i.e., 
37.5% of the CS+ were paired with the wrist-shock US) 
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during fear acquisition, we obtained acquisition patterns 
with discernible asymptotes reflecting the strength of the 
fear association. Thus, the partial reinforcement sched-
ule we used in fear acquisition trials should be an appro-
priate procedure for producing a reasonably strong fear 
memory. In addition, extinction effects were evident by 
the significant decreases in dSCRs elicited by the CS+ for 
all groups. As the extinction trials progressed, the SCRs 
differences produced by the CS+ and the CS- approached 
zero, yielding the typical extinction curves. In addition, in 
a recent review, Zuccolo and Hunziker (2019) concluded 
that there was no clear relation between the number of 
CS-US pairings and fear reduction after PRE.

One of our dependent variables was related to SCRs, 
which are the measures of the changes in autonomic fear 
responses produced by the central nucleus of the amygdala. 
Therefore, our findings are potentially compatible with the 
previous neurobiological studies on the involvement of 
amygdaloid structures in the update of the fear associations 
through the interventions of the reconsolidation process 
(e.g., Agren et al., 2012). For all three groups of the recon-
solidation treatment, a single presentation of the reminder 
CS+ set the stage for the subsequent inhibitory response 
to the CS+. This was presumably achieved by the CS+, 
creating a prediction error and subsequent destabilization 
in the amygdaloid structures of the acquired association 
of fear (Chan et al., 2010; Craske et al., 2014; Myers & 
Davis, 2007). Moreover, the re-extinction tests revealed an 
enhanced extinction only in the group that had taken the 
extinction trials within the reconsolidation window (i.e., 10 
min after the reminder), and this effect lasted at least three 
months. Therefore, this piece of evidence provided support 
for the notion that fear memories maintained by the CS+-US 
excitatory association could be updated with the memory of 
inhibitory association (CS+-noUS) formed during the recon-
solidation window (Lee et al., 2017; Monfils et al., 2009; 
Schiller et al., 2010).

On the other hand, we found that regardless of whether 
or not the extinction trials had taken place in the reconsoli-
dation window, the participants showed a significant spon-
taneous recovery in their self-reported fear-related arousal 
measures. The self-reported arousal levels generally rely on 
the participant's explicit knowledge about the CS-US con-
tingency. Thus, this finding is consistent with the analysis 
that reconsolidation update procedures of fear memories 
target only fear associations stored in the amygdala, leav-
ing intact explicit knowledge of the CS-US contingency 
stored in the hippocampus (Agren et al., 2012a; Bechara 
et al., 1995; Phelps et al., 2001; Schiller et al., 2013), which 
in turn results in a discrepancy between the autonomic and 
self-report measures.

We obtained typical acquisition and extinction pat-
terns of dSCRs with both ecological and arbitrary stimuli. 

In addition, contrary to our predictions, we found no sig-
nificant difference between the differential electrodermal 
responses to ecological and arbitrary CS pairs during spon-
taneous recovery. The ecological and arbitrary conditioned 
fear stimuli elicited similar levels of differential autonomic 
fear responses both in the acquisition and extinction phases. 
Although these findings replicate several previous works 
with null ecological-arbitrary stimuli differences on the PRE 
(e.g., (Björkstrand et al., 2015, 2016; Golkar et al., 2012; 
Thompson & Lipp, 2017), many others reported difficul-
ties in replicating the findings from Schiller et al., (2010) 
with fear-relevant-ecological stimuli such as the images of 
spiders, snakes, tigers, dogs, or frightening male faces (Fric-
chione et al., 2016; Golkar et al., 2012; Kindt & Soeter, 
2013; Meir Drexler et al., 2014; Soeter & Kindt, 2011). Vari-
ous hypotheses have been proposed to elucidate these fail-
ures. For example, according to Mineka and Öhman (2002), 
the acquisition trials with ecological-fear-related stimuli may 
have led to relatively stronger conditioned fear. Indeed, this 
is a plausible idea that should be tested. However, it seems 
circular to suggest that ecological-fear-related stimuli are 
more resistant to extinction (Zuccolo & Hunziker, 2019) to 
explain this "strong fear hypothesis". In addition, as well as 
the present study, many empirical attempts for testing the 
PRE include only participants who passed the extinction 
phase successfully (Golkar et al., 2012; Liu et al., 2014; 
Oyarzún et al., 2012; Schiller et al., 2013, 2010; Steinfurth 
et al., 2014). It is interesting that Golkar et al. (2012) were 
unable to replicate the PRE effect with either ecological-
fear-relevant stimuli or the arbitrary, suggesting that PRE 
might work on both types. Lastly, we would be in a better 
position to understand these failures and offer better solu-
tions had previous works obtained measurements of the lev-
els of autonomic arousal that these two types of stimuli elicit 
before beginning laboratory acquisition experiments.

It is crucial to measure the associative strengths of the 
different CSs serving in the various experimental conditions 
of a PRE study. Without integrating such a procedure into 
the PRE paradigm, it becomes challenging to identify which 
parameter or process was responsible for the observed con-
ditioning effects. In this regard, the current study incorpo-
rated a preliminary study conducted on a separate sample to 
determine the base levels of autonomic arousal elicited by 
the ecological (images of a spider and a snake) and the arbi-
trary (images of the yellow and blue circle) before the intro-
duction of acquisition trials, which allowed the selection 
of ecological and arbitrary stimuli with comparable levels 
of SCR. Spider and snake pictures were determined as the 
ecological stimuli because of their inherent relevance to the 
danger and fear, and because they have become a “standard” 
in fear studies.

Another source of variation between the PRE studies 
often pertains to the participant variables, such as genetic, 
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demographic, or psychiatric status. For example, compared 
to non-fearful normal participants, stronger conditioned 
responses and resistance to extinction were shown in spi-
der-fearful participants by Mertens et al. (2019), and in 
individuals with anxiety disorders by Lissek et al. (2005). 
We therefore deliberately excluded individuals with such 
tendencies, disorders, and experiences of fear in our study 
sample, as well as individuals who failed to fulfill acquisi-
tion and extinction criteria.

The present study also investigated the longevity of the 
PRE effect in the prevention of acquired fear responses. We 
performed three consecutive spontaneous recovery tests 
(24 h, 15 d, and 6 mo after the re-extinction). The data did 
not indicate any significant change in dSCRs across these 
retention intervals. Thus, the findings seem to provide fur-
ther evidence that the PRE taking place during the recon-
solidation of the fear memory (10 min after the reminder) 
may have long-lasting fear reduction (Schiller et al., 2010). 
However, we tend to interpret this finding more cautiously. 
An alternative analysis would go as follows: the positive 
PRE effect was observed for the first time in the re-extinc-
tion phase, and spontaneous recovery levels were measured 
in subsequent retention tests by presenting the CSs alone. 
During which, CSs were never paired with the US-shock. 
Therefore, the long-term positive PRE effect observed can 
also be explained by an inhibitory CSs-context association 
that might have developed across the retention tests (Bouton, 
2002). We hope future research may shed light on this issue.

Although this study provided evidence for the efficacy of 
PRE with both ecological and arbitrary stimuli, it is worth 
mentioning three important issues regarding the stimulus 
type variable. First, the PRE paradigm produces more robust 
results in animal studies than in human studies (Kredlow 
et al., 2016). One possible reason for these observations 
may be the differences between these species in terms of 
the mismatch between their evolutionary dispositions and 
their contemporary ecology. In their ecological niche, com-
pared to their animal peers, humans are exposed to a much 
higher frequency audio-visual instances (CSs) of ecological 
fear-related stimuli (e.g., snake pictures or videos); how-
ever, these CSs are very rarely paired with the aversive US. 
According to the World Health Organization (WHO), the 
number of snake-encounter occurrences per annum per 
person is only 0.0002% (WHO, 2021). Therefore, there are 
many more opportunities for humans to deal with the fear of 
snakes. Perhaps the inconclusive results of previous human 
PRE studies using images of snakes and spiders as CSs could 
be explained by human exposure to a significantly greater 
number of CS-noUS associations. Through audio-visual 
media and social interactions, people frequently encounter 
images of dangerous animals in everyday life. However, the 
same cannot be said for other animals in their current ecol-
ogy. The number of "safe" pre-experimental encounters a 

laboratory rat experiences with these dangerous animals is 
almost zero. Therefore, the frequency of people’s exposure 
to images of dangerous animals without a subsequent danger 
might weaken the strength of the fear association. Second, 
describing CS dichotomously as fear-relevant and fear-irrel-
evant may have serious drawbacks. For example, previous 
studies seem to rely on the assumption that the images of 
snakes and spiders are invariably fear-related. However, the 
present study has shown that there may be little difference 
between pictures of snakes and yellow circles in terms of 
the levels of autonomic arousal they elicit, leaving the inher-
ent relation of snake-venomous bite intact. Finally, since it 
is problematic to consider CSs dichotomously, it is crucial 
to quantify fear-related stimuli in terms of their predictive 
values before any conditioning is taken into effect. Although 
various authors addressed the importance of the measure-
ment of memory strength (Wang et al., 2009) and condition-
ing strength (Golkar et al., 2012; Suzuki et al., 2004; Wang 
et al., 2009), both seemed to be greatly correlated to the base 
level of fear responses to the CS of interest in PRE studies.
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