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Research Article

Learning to fear potentially dangerous objects and peo-
ple in the environment is crucial for survival. Of equal 
importance, however, is learning to regulate past fears in 
light of new information indicating that what was previ-
ously dangerous is now safe. Much of the information 
about what is safe and approachable in the environment 
comes from other individuals through social forms of 
learning, such as verbal instruction, observation, or a 
combination of these. For example, fear of a specific indi-
vidual might diminish and eventually disappear after one 
repeatedly watches a trusted person calmly interacting 
with the feared person and suffering no aversive conse-
quences. Previous research on the attenuation of learned 
fears has, however, focused on the role of direct, nonre-
inforced exposure to the feared object in the process of 
extinction (see Rescorla, 2000, for a review). In contrast, 
research on social forms of fear learning has centered on 
the acquisition of fears (Askew & Field, 2008; Hygge  
& Öhman, 1978; Mineka & Cook, 1993; Olsson &  
Phelps, 2007). Aiming to extend the understanding of 
both extinction and social learning, and the integration of 

these processes, we examined how observational (vicari-
ous) safety learning could diminish the expression of 
learned fear.

Apart from having an important role in daily social 
interaction, vicarious safety learning has long been 
exploited as a part of exposure treatment of phobias. In 
such treatment, the phobic individual watches the thera-
pist—acting as a learning model—approach and interact 
with the feared stimulus before the phobic individual is 
directly exposed to it (Seligman & Wuyek, 2005). Earlier 
behavioral research (Bandura, Grusec, & Menlove, 1967; 
Hill, Liebert, & Mott, 1968; Ritter, 1968) has tried to cap-
ture the underlying processes of this form of vicarious 
treatment, but these studies suffered from several meth-
odological limitations, such as unsatisfactory control con-
ditions. Other limitations of these early studies, as well as 
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of the few existing more recent studies (Gilroy, Kirkby, 
Daniels, Menzies, & Montgomery, 2001), are the inclusion 
only of phobic participants, which prevents generalizing 
results to healthy individuals, and a reliance on behav-
ioral measures. Over the last decade, the fields of social 
learning and emotional learning have developed rapidly 
in terms of both theory and methods, which has paved 
the way for improved experimental manipulations in 
conjunction with physiological measures known to be 
coupled with brain systems regulating the acquisition 
and extinction of learned fear.

The study of social forms of emotional learning has 
mainly targeted the acquisition of fears. This growing lit-
erature has highlighted similarities to direct fear condition-
ing (Askew & Field, 2008; Hooker, Verosky, Miyakawac, 
Knight, & D’Esposito, 2008; Hygge & Öhman, 1978; Kelly 
& Forsyth, 2009; Olsson, Nearing, & Phelps, 2007; Olsson 
& Phelps, 2004). For example, learning acquired both 
vicariously and directly can be expressed without con-
scious awareness of the learned fear stimuli (Olsson & 
Phelps, 2004), and both involve the amygdala bilaterally 
during acquisition and expression (Olsson et al., 2007). 
However, in spite of such similarities, there are also impor-
tant differences prompted by the additional information 
available about the learning model during vicarious learn-
ing. Indeed, appraisal of the other person’s pain can affect 
the observer’s emotional responses, as well as the ensuing 
learning. This is illustrated by the fact that taking the per-
spective of someone in pain can enhance both affective 
sharing (empathy) at the time of perspective taking (Lamm, 
Batson, & Decety, 2007) and learned fear of stimuli per-
ceived to be predictive of the other person’s pain, as mea-
sured at a later point in time (Olsson et al., 2013). These 
results suggest that the emotional experiences attributed to 
the learning model can have a considerable impact on 
vicarious learning. Currently, however, little is known 
about the processes enabling learning to attenuate fears 
through social observation.

Considerably more is known about the attenuation of 
learned fear through direct exposure, which is known as 
extinction learning. Because fear extinction can be used 
as an experimental model of exposure-based therapies 
for anxiety disorders (Bouton, Mineka, & Barlow, 2001; 
Milad & Quirk, 2012; Mineka & Zinbarg, 2006), the under-
lying mechanisms of this form of learning have attracted 
much interest over the past decade (Craske et al., 2008; 
Milad & Quirk, 2012; Myers & Davis, 2007; Phelps, 
Delgado, Nearing, & LeDoux, 2004).

The extinction of conditioned fear can be studied 
experimentally with protocols in which the expression of 
a conditioned fear response is weakened through 
repeated exposures to a conditioned stimulus, such as a 
facial image, in the absence of its associated aversive 
consequence, the unconditioned stimulus, such as an 

unpleasant electric shock. According to an influential 
account proposed by Bouton (1993), extinction repre-
sents an inhibitory learning process involving learning of 
a new “safety memory” that competes with the original 
learning of the association between the conditioned and 
unconditioned stimulus. This inhibitory-learning account 
of extinction is supported by the return of the original 
fear memory, which is illustrated by postextinction phe-
nomena, such as reinstatement, during which a previously 
extinguished conditioned fear response reappears follow-
ing reexposure to the unconditioned stimulus (Rescorla & 
Heth, 1975). The recovery of the conditioned fear response 
after extinction, as routinely seen following direct expo-
sure to unreinforced conditioned stimuli, parallels the 
well-documented clinical phenomenon of relapse after a 
successfully completed fear-exposure treatment.

In the current study, we drew on the understanding of 
direct extinction learning and work on social-emotional 
learning to examine whether the attenuation of learned 
fears can be facilitated through watching the safety 
behavior of a learning model undergoing extinction 
training. Past evidence of the efficiency of a learning 
model in transferring emotionally relevant information 
through demonstration led us to reason that the safety 
learning provided by watching the model’s calm expo-
sure to the previously aversive conditioned stimulus 
would facilitate the extinction process. Accordingly, we 
predicted that, compared with standard, direct extinction, 
vicarious extinction would be more effective in diminish-
ing the conditioned fear response during extinction and 
during a subsequent test of fear recovery.

Method

Participants

Forty-nine male participants were recruited and were 
paid for their participation in the study, which was 
approved by the local ethics committee. We excluded 2 
outliers because their skin conductance responses (SCRs) 
were above or below 3 standard deviations from the 
mean in the acquisition, extinction, or reinstatement 
stages, and 4 subjects were excluded because they failed 
to report the correct contingency between the condi-
tioned and unconditioned stimulus, as revealed by a 
postexperiment interview. An additional 7 subjects were 
excluded from the vicarious-extinction group after claim-
ing to have seen the model receiving shocks during the 
extinction stage, thus failing to correctly report a critical 
element of the experimental manipulation.1 The final 
sample consisted of 36 male participants (direct-extinc-
tion group: n = 20; mean age = 25.8 years, SD = 5.34; 
vicarious-extinction group: n = 16; mean age = 23.7 
years, SD = 5.90).
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Materials

Two pictures depicting angry male faces from the 
Karolinska Directed Emotional Faces database (Lundqvist, 
Flykt, & Öhman, 1998) served as conditioned stimuli 
(Items AM02ANS and AM06ANS). The unconditioned stim-
ulus consisted of a 100-ms DC-pulse electric stimulation 
(administered using the STM200; BIOPAC Systems) applied 
to the participant’s right wrist. The coupling between  
a specific conditioned face stimulus and the uncondi-
tioned stimulus, and the order of presentation of the  
two conditioned stimuli, was counterbalanced between 
participants.

Using Adobe Premiere Pro CS5.5, we created one 
movie that was 4 min and 18 s in length for each of the 
two conditions of the extinction stage. Both movies 
showed a computer screen on which we presented both 
the conditioned stimuli (i.e., both the conditioned stimu-
lus previously accompanied by a shock, CS+, and the 
conditioned stimulus without a shock, CS−). The movie 
for the vicarious-extinction condition contained a calm 
learning model sitting in front of the screen watching the 
conditioned-stimulus presentations. Apart from the addi-
tion of the learning model, both movies were identical in 
terms of content and timing.

Data acquisition

Skin conductance was measured by a pair of Ag-AgCl 
electrodes attached to the distal phalanges of the index 

finger of the left hand. The physiological signals were 
amplified and recorded using BIOPAC Systems (Santa 
Barbara, CA) hardware at a rate of 250 samples per sec-
ond. Data were analyzed using AcqKnowledge software 
(BIOPAC Systems).

Procedure

Before the experiment started, the shock level was 
adjusted individually to be “unpleasant but not painful.” 
Throughout all experimental stages, each conditioned 
stimulus was presented for 6 s. A white fixation cross was 
shown on a black background for 12 to 15 s during the 
interstimulus intervals. The experiment began with a 
habituation stage during which two nonreinforced pre-
sentations of each conditioned stimulus were presented. 
Following this, participants were informed that there 
would be a specific contingency between the faces 
shown on the screen and the administration of a shock 
(the unconditioned stimulus), and they were asked to 
pay notice to and remember this contingency. However, 
no information was given about what specific face was 
paired with the shock. During the subsequent acquisition 
stage (Fig. 1a), one of the faces (CS+) coterminated with 
the presentation of the unconditioned stimulus on six out 
of nine presentations, whereas the other face (CS−) was 
never coupled to the unconditioned stimulus (i.e., nine 
nonreinforced presentations). After the acquisition stage, 
participants in the vicarious-extinction group received 
the following written instruction:

a   Acquisition b   Extinction c   Reinstatement Test

Vicarious-
Extinction
Group

Direct-
Extinction
Group

Fig. 1.  Paradigm in the main experiment. During the acquisition stage (a), participants saw two faces, presented 
separately. One of the faces (shown here) coterminated with the presentation of the unconditioned stimulus 
(an electric shock), whereas the other face was never coupled to the unconditioned stimulus. During the sub-
sequent extinction stage (b), the vicarious-extinction group saw a movie in which a learning model received 
nonreinforced presentations of each conditioned stimulus and reacted calmly. The direct-extinction group saw 
an identical movie but without the learning model. To assess the effects of vicarious extinction on the recovery 
of learned fear, we gave all participants three unsignaled shocks, followed by a reinstatement-test stage (c) in 
which each conditioned stimulus was presented without accompanying shocks.

 at Karolinska Institutets Universitetsbibliotek on March 11, 2014pss.sagepub.comDownloaded from 

http://pss.sagepub.com/
http://pss.sagepub.com/


Vicarious Fear Extinction 2185

During the next stage, you will watch a movie of a 
person participating in an experiment similar to the 
one you have been doing. The person is attached to 
the same equipment and is watching the same faces 
as you. Remember to attend to the picture display.

Participants in the direct-extinction group received 
similar instructions with the exception of the information 
regarding the model: “During the next stage you will 
watch a movie of an experiment similar to the one you 
have been doing. Remember to attend to the picture 
display.”

The extinction stage (Fig. 1b) followed immediately 
after the instructions. Both extinction groups watched a 
movie including six nonreinforced presentations of each 
conditioned stimulus. After the extinction movie finished, 
all participants received the following written instruction: 
“During the next stage, the setup of the experiment will 
be the same as before you watched the movie. The pre-
sentation will begin with a black screen. Remember to 
attend to the picture display.”

The instruction screen was followed by a standard 
procedure for the reinstatement of the conditioned 
response (Hermans et al., 2005; Norrholm et al., 2006). 
This consisted of a black screen for 30 s, after which par-
ticipants received three unsignaled shocks. This was fol-
lowed by the reinstatement-test stage (Fig. 1c), in which 
each conditioned stimulus was again presented without 
shocks six times.

To assess their explicit awareness of conditioned stim-
ulus-shock contingencies, we asked participants at the 
completion of the experiment to rate, for each experi-
mental stage separately, how many shocks they received 
to each conditioned stimulus and how confident they 
were of having received or not having received shocks 
(on a scale from 1, confident not receiving shocks, to 7, 
confident receiving shocks). In addition, the vicarious-
extinction group was asked how many shocks they expe-
rienced that the learning model received during the 
extinction movie.

Data reduction and response 
definition

The SCR was measured for each conditioned-stimulus 
trial as the base-to-peak amplitude of the first response 
(in microsiemens, µS) in the latency window from .5 to 
4.5 s following stimulus onset. The minimal response cri-
terion was set to .02 µS, and responses that did not pass 
this criterion were scored as 0. The raw SCR scores were 
first filtered and then z-transformed to normalize the dis-
tributions. Each stage of the experiment (acquisition, 
extinction, and reinstatement test) was analyzed sepa-
rately. To decrease trial-by-trial variability, we averaged 

and analyzed the data as two blocks (early vs. late) dur-
ing the extinction and reinstatement-test stage. Thus, 
each block was defined as the mean SCR across three 
consecutive CS+ or CS− trials. We adopted a significance 
level of .05, reporting only effects not qualified by a sig-
nificant higher-order interaction.

Results

Fear acquisition

Fear acquisition was assessed using a repeated measures 
analysis of variance with stimulus (CS+, CS−) as a within-
subjects variable and group (direct extinction, vicarious 
extinction) as a between-subjects variable. This analysis 
revealed successful CS+/CS− differentiation (i.e., the abil-
ity to differentiate between the conditioned stimulus that 
was associated with a shock and the conditioned stimu-
lus that was not), as indicated by a significant main effect 
of stimulus, F(1, 34) = 153.83, p < .001, η2 = .82. As pre-
dicted, the extinction groups did not differ during the 
acquisition stage (see Fig. 2), as shown by the absence of 
an interaction involving group across acquisition training, 
F(1, 34) = 0.51, or during the end of acquisition—last four 
trials: F(1, 34) = 0.35.

Extinction and reinstatement testing

During the extinction stage, there was a significant 
Stimulus × Group interaction, F(1,34) = 12.66, p < .001,  
η2 = .27. A follow-up paired samples t test revealed that 
whereas direct extinction led to significant CS+/CS− dif-
ferentiation across the extinction stage, t(19) = 4.43, p < 
.001, vicarious extinction efficiently abolished the CS+/
CS− differentiation, t(15) = 0.12, p = .91. Analyzing rein-
statement-test performance revealed a significant Stimulus 
× Group interaction, F(1, 34) = 4.93, p = .03, η2 = .13. 
Whereas the direct-extinction group maintained signifi-
cant CS+/CS− differentiation across the reinstatement-test 
stage, t(19) = 3.59, p = .002, the vicarious-extinction 
group did not differentiate between the two conditioned 
stimuli, t(15) = 1.35, p = .21. Thus, in the absence of any 
significant differences in CS+/CS− differentiation during 
the acquisition stage, vicarious extinction promoted sig-
nificantly more extinction and less recovery of fear than 
did direct extinction (see Fig. 2).

Controlling for the presence of the 
learning model

To confirm that the efficient attenuation of fear could be 
attributed to the model’s experience of nonreinforced 
conditioned-stimulus presentations and not simply to the 
presence of a learning model per se, we additionally 
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compared the vicarious-extinction group with a new 
group of participants that was also exposed to the learn-
ing model during the extinction stage (n = 19 males, 
mean age = 26.2 years, SD = 6.64); 2 subjects were 
removed because they failed to correctly report the con-
tingency between the conditioned and unconditioned 
stimulus, and 1 outlier was removed because of extreme 
SCR scores above 3 standard deviations from the mean in 
the acquisition stage. In this vicarious-reinforcement 
group, participants watched a movie identical to the one 
watched by the vicarious-extinction group, with one 
exception: The learning model received four shocks cou-
pled with the previously reinforced conditioned stimulus. 
The model reacted to the shocks by slightly twitching the 
arm and blinking, and acted calmly when not receiving 
shocks. As in the vicarious-extinction group, no shocks 
were administered to the participants in the vicarious-
reinforcement group. Acquisition and reinstatement 
parameters were identical to those used in the two other 
groups.

First, we confirmed that acquisition performance did 
not differ between the vicarious-reinforcement and vicar-
ious-extinction groups. As predicted, there was a signifi-
cant main effect of stimulus, F(1, 30) = 93.90, p < .001,  
η2 = .79, but no differences between groups across the 
acquisition stage, F(1, 30) = 1.61, or during the last four 

trials of the acquisition stage, F(1, 30) = 0.40. Next, we 
compared the groups during the extinction stage. This 
analysis revealed a marginally significant Stimulus × 
Group interaction, F(1, 30) = 3.26, p = .08. Planned fol-
low-up comparisons revealed that compared with vicari-
ous reinforcement, vicarious extinction significantly 
reduced SCR to the CS+, t(30) = 3.30, p = .01, but not to 
the CS−, t(30) = 1.23, p = .23. Analyzing reinstatement-test 
performance revealed a significant Stimulus × Group 
interaction, F(1, 30) = 5.58, p = .03, η2 = .16. Thus, the 
vicarious-extinction group showed less CS+/CS− differ-
entiation during the reinstatement test than the vicarious-
reinforcement group, which maintained significantly 
larger SCRs to the CS+ than to the CS− across reinstate-
ment testing, t(15) = 3.52, p = .01.

In sum, our results show that conditioned fear 
responses were not fully extinguished, and were subse-
quently reinstated, following both direct extinction and 
vicarious reinforcement. However, vicarious extinction 
effectively attenuated the fear responses and blocked 
their subsequent recovery. Figure 3 displays the mean 
conditioned fear response for the vicarious-extinction 
and vicarious-reinforcement groups across the three 
stages (acquisition, extinction, and reinstatement). Table 
1 summarizes the mean SCR to CS+ and CS− for all three 
groups across the three stages.
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Fig. 2.  Mean differential skin conductance response (SCR) as a function of experi-
mental stage and group. Difference SCR z scores were calculated by subtracting SCRs 
to the face presented without an accompanying shock from SCRs to the face pre-
sented with an accompanying shock. Asterisks indicate significant differences within 
and between groups (*p < .05, **p < .01, ***p < .001). Error bars represent standard 
errors of the mean.

 at Karolinska Institutets Universitetsbibliotek on March 11, 2014pss.sagepub.comDownloaded from 

http://pss.sagepub.com/
http://pss.sagepub.com/


Vicarious Fear Extinction 2187

Finally, to examine whether the expectation to receive 
a shock during the extinction stage could have affected 
the group differences, we reran all analyses controlling 
for the individual level of confidence to receive or not 
receive a shock during this stage. These analyses did not 
alter any of the reported effects.

Discussion

Learning about what and who should be avoided and 
approached through observing other people’s emotional 

expressions, or the lack thereof, is often less risky and 
more economic than self-experienced trial and error. 
These benefits are reflected in the conservation of obser-
vational fear learning across social animals, from mice to 
people (Olsson & Phelps, 2007). Research on vicarious 
emotions in humans has shown that information about 
the person expressing an emotion, or the situation he or 
she is in, determines the extent to which emotions are 
shared (Hygge & Öhman, 1978; Lamm et al., 2007; 
Lanzetta & Englis, 1989; Zaki & Ochsner, 2012). Further, 
recent work suggests that such information also affects 
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Fig. 3.  Mean differential skin conductance response (SCR) as a function of experi-
mental stage and group. Difference SCR z scores were calculated by subtracting SCRs 
to the face presented without an accompanying shock from SCRs to the face presented 
with an accompanying shock. Asterisks indicate significant differences within and 
between groups (*p < .05, **p < .01, ***p < .001), and the dagger indicates marginally 
significant differences (†p < .09). Error bars represent standard errors of the mean.

Table 1.  Mean z-Scored Skin Conductance Response (µS) to a Face Associated With a Shock (CS+) and a Face 
Not Associated With a Shock (CS−) in Each Group During the Three Stages

Stage and stimulus Direct-extinction group Vicarious-extinction group Vicarious-reinforcement group

Acquisition  
  CS+ 0.75 (0.36) 0.83 (0.44) 0.57 (0.32)
  CS– –0.17 (0.28) 0.02 (0.23) –0.06 (0.26)
Extinction  
  CS+ –0.08 (0.38) –0.59 (0.25) –0.21 (0.39)
  CS– –0.52 (0.26) –0.60 (0.18) –0.46 (0.40)
Reinstatement test  
  CS+ 0.26 (0.55) 0.12 (0.50) 0.38 (0.60)
  CS– –0.28 (0.31) –0.01 (0.45) –0.18 (0.33)

Note: Standard deviations are given in parentheses.
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vicarious fear learning about stimuli predictive of the 
other’s pain (Olsson et al., 2012). In the present study, we 
asked whether previously learned fears could be effi-
ciently reduced if a person vicariously experiences 
another individual’s safety learning. As predicted, our 
results showed that vicarious extinction efficiently 
reduced conditioned fear responses during extinction 
training and blocked the recovery of conditioned fear 
responses, which underscores the influence of the social-
learning model.

In our study, participants first acquired a conditioned 
fear response through classical conditioning. During  
the extinction stage, both the direct- and the vicarious-
extinction groups watched a movie in which the condi-
tioned stimuli were repeatedly presented uncoupled to 
the shock, but for the vicarious-extinction group, a learn-
ing model was also shown in the video watching the 
conditioned-stimulus presentations. First, we showed that  
compared with direct extinction, vicarious extinction 
promoted more extinction and blocked the recovery of 
fear during a subsequent reinstatement-test stage, during 
which all subjects were directly exposed to the condi-
tioned stimuli in the absence of the learning model. 
Second, by adding an additional control group, the vicar-
ious-reinforcement group, we confirmed that the more 
efficient attenuation of fear could be attributed to the 
learning model’s experience of nonreinforced condi-
tioned-stimulus presentations. Critically, the vicarious-
extinction group displayed less reinstatement compared 
with the vicarious-reinforcement group, which main-
tained significant CS+/CS– differentiation across rein-
statement testing. Thus, in the absence of any differences 
in directly experienced pairings of conditioned and 
unconditioned stimuli or in exposure to the learning 
model, the vicarious-extinction and vicarious-reinforce-
ment groups differed in reinstatement of the conditioned 
fear response based solely on their observations of the 
learning model’s experience of pairings of conditioned 
and unconditioned stimuli during extinction. Collectively, 
these results demonstrate that the presence of the learn-
ing model per se during extinction is not sufficient to 
explain the blockade of reinstatement following vicarious 
extinction. Rather, the emotional consequences, or the 
lack thereof, for the model determine the quality of the 
vicarious-extinction learning.

A subsample (7 of 23) of the participants in the vicari-
ous-extinction group erroneously reported that the model 
received shocks during the extinction session. Because 
these participants failed to understand a key aspect of our 
experimental manipulation, namely the safety of the learn-
ing model, they were excluded from the final analysis. 
Including these participants did not significantly alter the 
reported group differences. Nevertheless, the fact that this 

subsample did not understand (or attend to the fact) that 
the model did not experience any aversive treatment raises 
the possibility that although vicarious extinction on aver-
age was more effective than direct extinction, the vicari-
ous-extinction procedure may not be effective in all 
individuals. This potential limitation highlights the notion 
that understanding the model’s experience of safety may 
be critical to a successful vicarious extinction. It remains to 
be seen whether this limitation is related to individual dif-
ferences in the ability to acquire social-safety information 
in particular or to allocate attention more generally. If the 
latter is the case, additional care to ensure that attention is 
directed toward the safety of the model might be sufficient 
to establish a successful procedure for all participants.

It is noteworthy that vicarious extinction resulted in 
less expression of conditioned fear during the extinction 
stage compared with both direct extinction and vicarious 
reinforcement. On the basis of our results, we cannot 
exclude the possibility that these differences in extinction 
performance could help to explain the subsequent differ-
ences in reinstatement testing. Arguing against this pos-
sibility, however, is that previous research has failed to 
show a consistent relationship between the decrease in 
fear responses during exposure/extinction sessions and 
the subsequent recovery of fears (Craske et al., 2008; 
Golkar, Bellander, & Öhman, 2013; Prenoveau, Craske, 
Liao, & Ornitz, 2012). Nonetheless, our data clearly show 
that vicariously learned safety information both facilitated 
extinction performance and abolished the return of fear.

Past research suggests that vicarious and directly expe-
rienced fear learning draws on partly overlapping neural 
systems involving the amygdala and that this is reflected 
in SCRs (Olsson et al., 2007). The same logic can be 
applied to the interpretation of the current results. 
Accordingly, vicarious extinction may be dependent on 
mechanisms partly overlapping with those responsible 
for the attenuation of learned fears through direct expo-
sure to unreinforced conditioned-stimulus presentations. 
Previous work on direct extinction suggests that this pro-
cess is dependent on an interaction between the amyg-
dala and ventro-medial prefrontal cortex (vmPFC; Milad 
& Quirk, 2012; Phelps et al., 2004). In addition, similar to 
the vicarious acquisition of fear ( Jeon et al., 2010; Olsson 
et al., 2007), vicarious extinction is likely to depend on 
the processing of social information, such as the attribu-
tion of mental states to other people, involving more dor-
sal regions of the medial prefrontal cortex (mPFC; 
Amodio & Frith, 2006; Mitchell, Heatherton, & Macrae, 
2002). In our paradigm, watching the calm learning 
model during extinction might have imbued the CS+ with 
a safety value resulting in the abolished return of fear 
during the reinstatement-test stage. It can be speculated 
that this process involves the top-down impact on the 
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amygdala by the dorsal mPFC in concert with other pre-
frontal regions, including the vmPFC, and memory-
related regions in the hippocampal complex.

The potency of vicarious extinction in our study is 
conceptually similar to earlier work in monkeys showing 
that observing a fearless learning model can cause latent 
inhibition or “immunization” against subsequent fear 
learning (Mineka & Cook, 1986). Clinical practice has 
long benefitted from model-based exposure therapy, 
which commonly includes the use of an unafraid thera-
pist approaching the feared object (Bandura et al., 1967). 
Although exposure therapies are efficient in the treat-
ment of phobic fears, a large proportion of patients nev-
ertheless suffer from relapse, during which previously 
extinguished fears reappear (Craske et al., 2008; Mineka 
& Zinbarg, 2006). Our findings suggest that model-based 
learning may help to optimize exposure treatment by 
attenuating the recovery of learned fears. However, given 
that the recovery of fear is highly sensitive to both tem-
poral and contextual influences (Bouton, 2004), future 
research should address the longevity and generalizabil-
ity of our findings.

To conclude, using a novel design, we demonstrated 
that the presence of a learning model reduced learned 
fear during both extinction and reinstatement testing 
compared with a standard extinction procedure. Critically, 
we showed that this reduction was dependent on the 
learning model’s experience of safety. These results have 
implications for research on both extinction and social-
learning processes, and the integration of these in clinical 
practice.
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