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RESUMO

Conduzimos um estudo preliminar replicando o experimento de Schiller et al. (2010), que demonstraram que
respostas condicionais (CRs) podem ser permanentemente inibidas pela extingdo poés-recuperacdo, um procedimento no
qual um estimulo que estava presente durante o condicionamento (pista de recuperacéo), tal como a apresentacdo isolada
de um CS sem o US ou do préprio US, é apresentado antes da extin¢do. Onze adultos foram submetidos a
condicionamento Pavloviano com trés quadrados coloridos (CSs), dois dos quais (CSa+ e CSb+) foram pareados a uma
estimulacdo elétrica leve (US), enquanto que um terceiro estimulo nunca foi pareado ao US (CS-). Vinte e quatro horas
depois, os participantes foram divididos em dois grupos (experimental e controle) e passaram por extingéo, que consistiu
na apresentacdo de todos os CSs sem 0 US. Apenas para o grupo experimental, uma pista de recuperacdo consistindo em
uma Unica apresentagdo do CSa+ e CS- sem o US foi feita 10 minutos antes da extingdo. Na fase de teste, o US foi
administrado quatro vezes, seguido por um intervalo de 10 minutos e um novo procedimento de extingdo. As respostas
de condutancia da pele frente a apresentagdo dos estimulos foram medidas. Os grupos apresentaram niveis equivalentes
de condicionamento e extingdo, assim como um aumento nas amplitudes da CR apds apresentacéo de todos os estimulos
na fase de teste. Estes dados ndo replicam os achados do estudo original, sugerindo que mais anélises sdo necessarias
para identificar as varidveis que controlam condicionamento e extin¢do Pavlovianos em humanos.

Palavras-chave: condicionamento Pavloviano, extin¢cdo pds-recuperagdo, reconsolidagdo, condutancia da pele,
humanos.

ABSTRACT

We conducted a preliminary study to replicate the experiment by Schiller et al. (2010), who found that
conditional responses (CR) may be permanently inhibited through post-retrieval extinction, a procedure in which
subjects are exposed to a stimulus that was present during conditioning (retrieval cue), such as the presentation of the CS
without the US or a single presentation of the US alone, followed by extinction. Eleven adult participants underwent
Pavlovian conditioning with three colored squares (CS), two of which (CSa+ and CSb+) were paired with a mild
electrical stimulation (US), whereas a third stimulus was never paired with a US (CS-). Twenty-four hours later, the
participants were divided into two groups (experimental and control) and underwent extinction, which consisted of
presenting all CSs without the US. For the experimental group only, a retrieval cue consisting of a single presentation of
the CSa+ and CS- without the US was administered 10 min before extinction. In the test phase, the US was administered
four times and then followed by a ten-minute interval and a new extinction procedure. Skin conductance responses to the
stimuli were measured. Groups did not differ from each other. They presented equivalent levels of conditioning and
extinction as well as an increase in CR amplitudes following the presentation of all stimuli in the test phase. These data
do not replicate findings from the original study, suggesting that further analyses are needed to identify variables that
control Pavlovian conditioning and extinction in humans.
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Since the pioneering work of Pavlov (1927),
laboratory studies have demonstrated that an initially
innocuous stimulus may acquire eliciting function, that is,
it may act as a conditional stimulus (CS) after being
associated with an unconditional stimulus (US). This
eliciting function may be lost if the CS occurs
systematically in the absence of the US. The acquisition
and reduction of this eliciting function by the stimulus are
called Pavlovian conditioning and extinction, respectively
(Rescorla, 1988). The literature on classical conditioning
further shows that the extinction of conditional responses
(CRs) is not permanent and that these responses may
return 1) after the passage of time (spontaneous recovery,
Schiller et al., 2008); 2) after the presentation of the CS in
a different context than the setting in which extinction
took place (renewal, Bouton & Bolles, 1979a, 1979b); and
3) after re-exposure to the US alone (reinstatement,
Rescorla & Heth, 1975).

It is suggested that the fear and anxiety described
in some psychopathologies are CRs that may be elicited
by aversive CSs and that they acquired this function as a
consequence of a history in which they were paired with
aversive or traumatic USs (Schiller et al., 2008; Vervliet,
Craske, & Hermans, 2013). Consistent with this analysis,
some behavioral treatments for anxiety disorders attempt
to reproduce Pavlovian extinction in the clinical setting
(LeDoux, 2014). One such example is exposure therapy,
which consists of exposing patients to feared situations,
objects, and images in the absence of aversive or
threatening outcomes with the goal of reducing fear
reactions to those stimuli (Foa & McLean, 2016). One
limitation of exposure-based treatments, similar to results
from the laboratory, is that fear and anxiety responses may
reappear after an intervention involving an apparent
successful extinction process, a phenomenon that has been
termed return of fear (Vervliet et al., 2013). Therefore,
both for research and therapeutic purposes, several studies
have attempted to identify variables that control the
extinction and return of extinguished CRs (Schiller et al.,
2008; Vervliet et al., 2013). Thus, the question is whether
it is possible to produce extinction that is not followed by
the return of the CR.

Inspired by research on the brain mechanisms of
memory, researchers have developed a procedure that was
shown to prevent return of conditioned responses, namely,
post-retrieval extinction (PRE, Monfils, Cowansage,
Klann, & LeDoux, 2009; Schiller et al., 2010). This
procedure consists of exposing subjects to a stimulus that
was present during conditioning (retrieval cue), such as an
unreinforced presentation of the CS or a single
presentation of the US alone, followed by extinction (Liu
et al., 2014; Monfils et al., 2009; Schiller et al., 2010). The
hypothesis underlying this procedure is that the
presentation of a retrieval cue can return a memory to a
labile state for a period of time (around six hours) during
which it is more susceptible to change by pharmacological
or behavioral interventions (Lee, Nader, & Schiller, 2017).
Therefore, conducting extinction during this period is
likely to reduce the probability of return of fear (see Lee et
al., 2017 for a thorough review on the subject).

The first experiments on PRE were conducted in
rats (e.g., Monfils et al., 2009) but given the applied
potential of finding a procedure that permanently inhibits
conditioned fear responses in clinical settings, the next
logical step was to test whether this phenomenon could be
demonstrated in humans. The first study to test post-
retrieval extinction in humans was conducted by Schiller
et al. (2010). In a first experiment, they exposed
participants to three experimental phases separated by 24h.
In the first phase, participants underwent a differential
Pavlovian conditioning procedure in which one visual
stimulus was paired with the US in 38% of the trials (CS+),
whereas another visual stimulus was never paired with the
US (CS-). Visual stimuli serving as CSs were colored
squares displayed on a computer screen and the US was a
mild electrical shock to participants’ right inner wrist.
During the second phase of the experiment, participants
were divided into three groups (10 min, 6h, and no
reminder groups). Two groups (10 min and 6 h groups)
were exposed to an isolated presentation of the CS+
without the US (retrieval cue), followed by a 10-min
interval during which participants watched a TV show
episode previously selected by the researchers. After this
interval, the 10-min group underwent an extinction
procedure consisting of 10 presentations of CS+ and 11
presentations of CS- without the US; the 6-h group
received the same treatment as the 10-min group, but
extinction was conducted 6 h after the retrieval cue. The
remaining group (no reminder group) began the session by
watching the TV program for 10 min. For half of these
subjects, extinction followed immediately after this 10-
min period; for the other half, extinction was conducted 6
h after watching the TV show. To ensure that participants
from all groups were exposed to the same number of CSs,
extinction in the no reminder groups consisted of 11
presentations of each CS without the US. In the third
phase of the experiment, all participants were exposed to
11 presentations of each CS without the US. The results
showed that only subjects whose interval between the
retrieval cue and extinction was 10 min did not show
recovery of conditioned responses, as measured though
skin conductance responses. The results were the same
after one year, when 19 of the 65 original participants
underwent a procedure in which four unsignaled
presentations of the US were made, which was followed
by extinction (reinstatement test).

Schiller et al. (2010) conducted a second
experiment to test whether interfering with the eliciting
function of one CS would affect the eliciting function of
another CS associated with the same US. Three CSs
(colored squares) were used in a within-subject design.
Two squares (CSa+ and CSb+) were paired with the US
(in 38% of presentations), and the third was never paired
(CS-) in the first day. On the following day, participants
underwent extinction. At the start of the session, one CSa+
and the CS- were presented without the US (retrieval cues),
which was followed by a 10-min interval, during which
participants watched an episode from a TV show. After
this interval, participants were exposed to 10 presentations
of CSa+ and CS- and 11 presentations of CSb+. They
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conducted a test on a third day in which the US (without
the CS) was presented four times. After a 10-min interval,
during which participants watched the same television
episode as on the previous day, a new extinction procedure
was carried out (11 presentations of each of the three CSs
alone). Conditioned responses, as measured through skin
conductance responses to the CSs, were only observed to
the CSb+.

Results from Schiller et al. (2010) suggest that
reduction of CRs might be long lasting if extinction is
conducted after the presentation of a retrieval cue. These
data also indicate that the timing of extinction relative to
the presentation of the retrieval cue is important, as
intervals longer than 6h between retrieval cue and
extinction might render the procedure ineffective in
preventing the return of fear.

Since the publication of Schiller et al. (2010),
several studies were able to show that PRE might prevent
the return of fear in humans (Agren et al., 2012; Asthana
et al., 2015; Bjorkstrand et al., 2015; Johnson & Casey,
2015; Liu et al., 2014; Oyarzin et al., 2012; Schiller,
Kanen, LeDoux, Monfils, & Phelps, 2013; Thompson &
Lipp, 2017). Some of these studies were direct replications
(e.g., Schiller et al.,, 2013), whereas others have
manipulated different aversive stimulus utilized as US
(e.g., Oyarzln et al., 2012) or the type of retrieval cue (e.g.,
Liu et al., 2014) (see Zuccolo and Hunziker, 2019 for a
review).

There have also been reports of failure in
preventing return of fear using PRE (e.g., Fricchione et al.,
2016; Golkar, Bellander, Olsson, & Ohman, 2012; Kindt
& Soeter, 2013; Klucken et al., 2016; Kredlow, Orr, &
Otto, 2018a; Meir Drexler et al., 2014; Soeter & Kindt,
2011). These replication failures have been discussed in
terms of boundary conditions, that is, conditions under
which PRE is thought not to be effective. Variables
discussed as possible boundary conditions to the long
lasting reduction of CR after PRE include pre-
experimental characteristics of participants (genetic or
psychiatric), conditions that change the strength of
conditioning (time since initial learning, the percentage
and/or number of CS-US pairings, the nature of CS, or the
instruction during experimental phases), the retrieval
procedures (the type of retrieval cue, for example), as well
as the response systems assessed (Zuccolo and Hunziker,
2019). As the limits of some of these variables as well as
their interactions are unknown, work is still needed in this
area.

Considering the clinical implications of a
procedure that helps prevent the return of conditioned
responses after extinction, our laboratory aimed at
initiating a series of experiments to identify variables
determining the effects of PRE. Given the reported
difficulties in replicating the effects of PRE and the fact
the this was the first study on PRE conducted by our
laboratory, we sought to replicate the most discussed
experiment in the area, namely, Schiller et al. (2010,
Experiment 2). Specifically, we sought to verify whether
PRE might reduce the reoccurrence of the CR after
extinction.

METHODS

Participants

Adults were recruited from the undergraduate and
graduate populations of two universities in Sao Paulo,
Brazil, through online advertisements on and off campuses.
All volunteers underwent a screening interview prior to
the experiment to verify whether they were free from any
conditions, medical or otherwise, that would
contraindicate participation in the study (i.e., reported
cardiovascular disease or epileptic seizures, cutaneous
lesions in the areas of electrode attachment, presence of a
pacemaker or any other metal implant, pregnancy, or
current use of psychoactive medications during the
experiment, and whether they could discriminate the
colors yellow, red, blue, orange, purple, and green). From
a total of 35 participants eligible for the study, eleven were
included in the final analysis (eight males and three
females, mean age 25+5 years). Twenty-two participants
had to be excluded because they did not meet three
standard criteria used in studies on PRE with skin
conductance as dependent measure: (1) measurable skin
conductance responses in all experimental phases (n=2),
(2) evidence of conditioning (n=17); and (3) evidence of
extinction (n=3) (see Criteria for conditioning and
extinction for details). These criteria have been used by
several laboratories in the area because it is only possible
to assess return of a conditioned response if it has been
conditioned in the first place and diminished after
extinction (Schiller et al, 2013). Additionally, 2
participants refrained from the experiment (dropout).

All participants gave informed consent prior to
the experiment. All procedures were approved by the
Ethics Committee of the Faculty of Philosophy, Sciences,
and Languages of Ribeirao Preto (FFCLRP), University of
Sao Paulo (process CEP-FFCLRP n° 594/2011 -
2011.1.1817.59.3).

Apparatus and stimuli

The US was a mild and brief electrical shock
(200 ms duration, 50Hz, 10 to 60 V) delivered to the right
inner wrist of participants through a bipolar electrode
measuring 8 mm in diameter with 21 mm of separation
between poles connected by a ribbon strap. A Grass
Medical Instruments (West Warrick, Rhode Island, USA)
S48 stimulator and a SIUS stabilizer were used. The
intensity of the US was set according to each participant’s
tolerance level (see Experimental Procedure).

The CSs included three pictures of colored
squares. For half of the participants, the colors of the
squares were yellow, red, and blue (Set 1), whereas the
squares were orange, purple, and green (Set 2) for the
other half. These squares measured 11.5 x 11.5 cm and
were presented on a 21.5” computer monitor with a black
background.

Skin conductance responses were recorded using
a conductive gel and two disposable Ag-AgCL electrodes
that were connected to a GSR100C BioPac Systems
(Goleta, California, USA) skin conductance module. The
data were analyzed offline using the AcgKnowledge 4.2
software on a notebook with an Intel(r) Core i5 processor.

128



ZuccoLO & HUNZIKER

The experiment was programmed using SuperLab
4.5.3 software (Cedrus, San Pedro, California, USA),
which was run on a separate PC with an Intel processor.
Data collection was conducted in a room located in the
Biobehavioral Analysis Laboratory, which was equipped
with a window, desk, and chair (Psychology Institute,
University of Sao Paulo).

Experimental procedure

The experiment consisted of three consecutive
sessions that were conducted approximately 24 hr apart
and in the following order: conditioning, extinction, and
test. The participants were randomly assigned to one of
two groups, experimental or control. The two groups
differed only with regards to the extinction procedure.

At the beginning of each experimental session,
the participant was asked to wash his / her hands with
water (no soap) and dry them with paper towel.
Afterwards, he / she was taken to the testing room where
he / she sat in front of a computer monitor. The equipment
for recording data and controlling experimental procedures
was located behind the participant. The experimenter
installed the stimulating electrodes on the participant’s
right inner wrist, attaching it with the ribbon strap in a
position parallel to the forearm and verifying that both
poles were in contact with the participant’s skin. Skin
conductance electrodes were connected to the distal
phalanges of the middle and index fingers of the left hand.
The stimulating electrode was cleansed with alcohol gel
prior to attachment. With the exception of breaks that were
given during the extinction and test sessions (detailed
herein), subjects remained connected to the stimulating
and skin conductance electrodes.

Once the participant was attached to the
electrodes, the room was dimly illuminated, and skin
conductance acquisition was initiated. The intensity of the
electrical stimulation used as unconditional stimulus was
established in the first session according to each
participant’s tolerance, which was determined by asking
participants to indicate their tolerance level to the applied
stimulus. An optimal tolerance level was one that was
deemed uncomfortable but not painful according to the
participant. The initial level of the stimulation was 10 V,
which was increased in 5 V steps until the participant
indicated that his / her tolerance level had been reached.
The maximum level of stimulation was 60 V, which has
been shown to be within a safe range of stimulation for
human participants (Schiller, Raio, & Phelps, 2012;
Zeidan et al., 2012). Once the level of stimulation was
calibrated, it remained unaltered for the remainder of the
experiment.

After these preparatory steps, the procedures
specific to each experimental session were implemented.

Session 1 - Conditioning

The experimenter gave the following instructions:
“The objective of this experiment is to assess how your
sweat glands react to sensory, visual, and tactile stimuli.
You do not have to do anything with your hands or use the
mouse or keyboard. You just have to look at the computer

screen and pay attention to the things you are seeing and
to the things you are feeling. Any questions?”

Once the participant said he /she understood the
instructions, the session began. Participants underwent a
differential Pavlovian conditioning in which two CSs
(hereafter termed CSa+ and CSb+) were intermittently
paired with the US, whereas a third CS (CS-) was never
paired with the US. Specifically, each CS was presented
16 times, for a total of 48 CS presentations, and the US
was presented 16 times. Each CS was presented for 4s,
and the US was presented for 0.2s. In the beginning of the
experimental session, each CS was presented three times
without the US (habituation), followed by four
presentations of each CS, with the CSa+ and CSb+ being
systematically paired with the US (100% pairing). In the
last part of the session, each CS was presented nine times,
with the CSa+ and CSb+ being paired four times with the
US (45% pairing). In this part of the experimental session,
paired presentations of the CS were randomized, and thus,
they were distributed evenly along with non-paired
presentations of CSs. CS-US pairing corresponded to the
presentation of the US in the last 0.2s of the CS
presentation, so that the two stimuli co-terminated. The
session terminated after the last CS presentation. The
session duration was approximately 20 minutes.

Each CS presentation corresponded to a trial. The
period during which the computer screen went black
corresponded to an inter-trial interval (ITI) that was 13s,
on average, (varying from 12s to 14s) during which no
experimental manipulation was programed. During
conditioning, CSs were presented in a pseudo-random
schedule that prevented the presentation of the same
stimulus more than two times in a row.

Session 2 — Extinction

The following instructions were given. “Similar
to yesterday, you do not have to do anything with your
hands or use the mouse or keyboard. You just have to look
at the computer screen and pay attention to the things you
are seeing and to the things you are feeling. Any
questions?” Following these instructions, there were 45
non-paired presentations of the CS (15 times for each CS),
with a different procedure for each experimental group, as
follows.

Experimental group. After a single presentation
of the CSa+ and CS- (in counterbalanced order across
subjects), the computer screen went black, and the
following instructions were given: “We now will have a
ten-minute break. Here are some magazines that you may
choose to read during the break. You do not have to read
anything if you do not want to. The only thing that is
important is that you take your break in the specified
location where | take you. However, first, | will turn off
and disconnect you from these devices”. The subject was
disconnected from the electrodes, the stimulator was set to
the “Off” position, and the participant was taken to a
waiting room with chairs and magazines. During the ten-
minute period, subjects were required to remain in the room.
They were allowed to use the restroom providing they
returned to the waiting room afterwards. Subjects were
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asked not to consume food or beverages (including coffee)
and were prohibited from smoking cigarettes. Once the ten-
minute period was over, participants were returned to the
testing room, and the following instructions were given:
“We have finished the ten-minute break. | will now
reconnect these devices, and we will complete the
remainder of the session”. Subjects were reconnected to the
electrodes, and the stimulator was set to the “On” position.
The session was resumed with the remaining presentations
of the CSs (i.e., 14 CSa+, 15CSbh+, and 14 CS-).

Control group: All procedures were identical to
the ones described for experimental group (i.e., they were
exposed to the 45 presentations of the CSs using the same
duration and ITIs), with the exception of the ten-minute
break, which was not conducted for this group. The duration
of the session for the control group was approximately 15
min, whereas that for the experimental group was
approximately 25 min.

Session 3 — Test

The following instructions were given. “Similar to
yesterday, you do not have to do anything with your hands
or use the mouse or keyboard. You just have to look at the
computer screen and pay attention to the things you are
seeing and to the things you are feeling. Any questions?”
Following these instructions, we conducted a reinstatement
test, which consisted of presenting the US alone four times
while the computer screen remained black with ITIs varying
from 12s to 14s. Subsequently, subjects were given a ten-
minute break, similar to the one in the extinction session,
after which they returned to the testing room where the
electrodes were reconnected, the stimulator was turned to
the “On” position, and the CSs were presented 15 times
each without the US, for a total of 45 CS presentations. The
stimuli presentation was randomized in a similar fashion to
the previous sessions, with the difference that the CS- was
always the first stimulus to be presented. The responses to
this first presentation were not included in the analysis®. The
duration of this session was approximately 28 minutes. The
experimental design is summarized in Table 1.

Skin conductance assessment

Prior to the analysis, skin conductance recordings
were filtered using a low-pass filter and were smoothed to
eliminate artifacts in the signal. The amplitudes of the skin
conductance responses to the US or CS were determined
manually by taking the base to peak difference of the largest
waveform (in microsiemens, uS) initiated inthe 0.5t0 4.5 s
period after stimulus onset. The minimal response criterion
was 0.02 uS. Increases in skin conductance below 0.02 pS,
decreases in skin conductance, and stable recordings during
this 0.5 to 4.5 s interval were scored as zero and were
included in the analysis.

! This procedure was utilized because the first stimulus
presentation usually elicited an increase in skin conductance
regardless of its nature, that is, regardless of whether it was a
CS+ or CS-. The effect is termed an “orienting response”
(Boucsein, 2012; Schiller et al., 2013).

CRs were measured only for non-paired
presentations of the CS. Unconditional responses (URs)
were measured taking the base to peak difference of the
largest waveform initiated 0.5 to 4.5 s after US onset.
Because the data were manually selected, the experimenter
was blind as to which CS had been presented. That is, when
the waveforms were being selected, the experimenter knew
that a paired or non-paired CS had occurred, but no
information was available regarding which CS had been
presented, that is, whether it was a CSa+, CSb+, or CS-.

The values of the raw skin conductance responses
were square root transformed to normalize distributions.
Each resulting value was divided by the mean square root
transformed US response. This last procedure was
conducted to obtain a relative measure of conditional
responses based on each participant’s unconditional
response (Olsson, Ebert, Banaji, & Phelps, 2005).

Criteria for conditioning and extinction

The conditioned response was defined as the
differential skin conductance response, which was
calculated by subtracting responses to the CS- from
responses to the CSa+ or CSb+ in corresponding trials.
Criteria for conditioning and extinction were based on the
differential responses as used in previous studies (Liu et al.,
2014; Oyarzin et al., 2012; Schiller et al., 2010, 2012).
Specifically, participants were classified as being
conditioned if they presented a differential response > 0.1uS
to both CS+s (CSa+ > CS- AND CSb+ > CS-) in the last
five presentations of the CSs during conditioning.
Additionally, participants were required to show equivalent
levels of conditioning between CS+s (i.e., the difference
between CR to the CSa+ and CSb+ could not be greater
than 0,1uS). For extinction, the criteria were the opposite,
that is, participants were required to show average
differential response < 0.1uS in the last trial of extinction
(CSa+ < CS- AND CSbh+ < CS-).

Data analysis

Because the final analysis included few subjects,
statistical analyses were conducted using non-parametric
tests to identify possible tendencies within the variables of
interest. We adopted a significance level of a = 5% for all
analyses. The following tests were used: 1) Friedman test
for the conditioning session to compare mean CRs within
each group; 2) Wilcoxon test to compare a) the mean CRs
to the CSa+, CSb+, and CS- in the conditioning session
with the last responses to the same stimuli in the extinction
session, b) the last response to the stimuli in the extinction
session with the first responses in the test session, and c) the
first response to each stimulus with the subsequent ones in
the extinction and test sessions (to verify whether there were
differences between stimuli in the speed of extinction); and
3) Mann-Whitney test to compare groups regarding
responses to each of the stimuli (CSa+, CSb+, and CS-) in
all experimental sessions.
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Table 1.

Experimental design and timeline
Session 1 Session 2 Session 3
(Conditioning) (Extinction) (Test)
Experimental and control Experimental group Control group Experimental and control
groups groups
3 CSa+, 3 CSb+, 3 CS- 1CSa+1CS- 15 CSa+,15 CSb+, 15 CS- 4US

4 CSat+ e 4 CSh+
(with US 100% of times),
4Cs-

(10 min interval)

9CSa+, 9CSh+
(with US 45% of times),
9CS-

14 CSa+, 15 CSh+ e 14 CS-

(20 min interval)

15 CSa+, 15 CSb+, 15 CS-

RESULTS

No differences were found between groups
regarding US intensity, specifically, a mean of 28.3 V (¥3.5)
and 25.1 (£6.3) for control and experimental groups,
respectively. As no systematic effects were found as a
function of CSs color, the variables are treated here as CSa+,
CSb+, and CS-, regardless of color.

Figure 1 shows mean skin conductance amplitudes
(in microsiemens, uS) to the CSs throughout the three
sessions demonstrated by subjects from control and
experimental groups. During conditioning, response
amplitudes to the two CSs+ were greater than the response
amplitudes to the CS- (p < 0.05). There were no systematic
differences between responses elicited by the CSa+ and CSh+
(control: ¥*(2) = 7.6, p = 0.022; experimental: x%(2) = 9.0, p
=0.011).

No differences were found between groups in the
extinction session, with both groups showing high skin
conductance amplitudes in the first trials, especially with
regards to the CSs+. A gradual reduction in responses
throughout trials eventually reached an absence of responses
(zero amplitude) in the final presentation of each CS.
Moreover, in the comparison of mean responses to the CSs in
the conditioning and extinction sessions, statistically
significant differences were found for both groups (p < 0.05).

In the test session, although an increase in CR
amplitudes to all stimuli was observed in comparison to the
extinction session, these differences were not statistically
significant. As in the extinction session, there was a
systematic reduction in CR amplitudes to the CSs in both
groups, with a difference observed in extinction speed.
Whereas participants from the control group demonstrated
predominantly high response amplitudes (similar to the levels
in the conditioning session) with great variation throughout
the session and with low amplitudes at the end of the session,
participants from the experimental group demonstrated a
rapid reduction in response amplitudes after the second trial, a
finding that was accentuated in subsequent trials; furthermore,
the experimental group exhibited no responses (zero
amplitude) to the three CSs in the final trial. However, in both
groups, differences between the first and the remaining CRs

in the test were not statistically significant. It is further noted
that in the last two sessions, both groups showed response
amplitudes to the CS- that were similar to the pattern
exhibited for the CSs+, with no differences between
responses elicited by the three stimuli.

DISCUSSION

As expected, given our selection criteria, the results
from the first two sessions fulfilled criteria for the study of
return of CRs after extinction. In the test session, however,
results did not replicate the differential effects described by
Schiller et al. (2010). It was expected that participants from
the experimental group would show less return of CRs to the
CSa+ in comparison with the CSh+, whereas subjects from
the control group were expected to show return of CRs to
both CSa+ and CSb+. However, our results indicate that in
the first trial, participants from both groups showed an
increase in responses to all CSs+. Therefore, we were not
able to demonstrate that PRE might alter the reoccurrence of
CR, which is consistent with several experiments that were
not able to obtain results described by Schiller et al. (2010)
(e.g., Fricchione et al., 2016; Golkar et al., 2012; Kindt &
Soeter, 2013; Klucken et al., 2016; Kredlow et al., 2018a;
Meir Drexler et al., 2014; Soeter & Kindt, 2011).

Aside from the behaviors of participants from both
groups regarding the CSs+ presentations as being
indistinguishable, we observed an increase in response
amplitudes to the CS-, which was never paired with the US in
either the extinction or the test sessions. This result raises the
question of which process controls the conditioned responses.
When considering only a history of conditioning (i.e.,
pairings of the CSs+ with the US), why would there be such
an increase in responses to the CS-, which was never paired
with the US? A generalized return of conditioned responses,
defined as an increase in responses to the CS+ and the CS- to
the same degree in the test, has been observed in several
studies using standard extinction procedures, especially when
a reinstatement test such as the one used here is performed
(Dirikx, Vansteenwegen, Eelen, & Hermans, 2009; Haaker,
Golkar, Hermans, & Lonsdorf, 2014; Kull, Mdller, Blechert,
Wilhelm, & Michael, 2012; Sokol & Lovibond, 2012).
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Figure 1. Mean CR amplitudes for CSa+, CSb+, and CS- throughout conditioning (mean of the five presentations of the CSs+
unpaired with US and last five presentations of the CS-), extinction, and test. The left panel shows data from control group, and the
right panel shows data from the experimental group. The isolated plot in experimental group represents the conditional response to
single presentation of the CSa+ (with a ten-minute interval) in the beginning of the extinction phase. Statistically significant
differences were found between CSa+ and CS- and between CSb+ and CS- during the conditioning phase for both groups (p < 0.05).

The variables involved in increased responsivity
to the CS- in reinstatement tests has been a matter of
debate in the literature (Vervliet et al., 2013). Some
experiments have associated this phenomenon with higher
levels of self-reported trait anxiety (Kindt, Soeter, &
Vervliet, 2009; Soeter & Kindt, 2010). According to
Vervliet et al. (2013), increased responses to the CS- after
reinstatement tests in anxious participants might be related
to two mechanisms: 1) generalization of the conditioned
fear responses to the CS+ or 2) conditioning to the entire
context after presentations of the US, so that any stimulus
presentation will induce increased reactivity. These
mechanisms were hypothesized in light of experimental
data showing that discrimination between CS+ and CS- is
more difficult to occur in anxious subjects (Grillon, 2002).
Moreover, anxious participants are more likely to present
generalization of conditioned responses to stimuli sharing
physical features with the CS+ (Kaczkurkin et al., 2016).
The decision to use a reinstatement test in the present
experiment was driven by the fact that this design is used
by several experiments on PRE in humans (Agren,
Bjorkstrand, & Fredrikson, 2017; Agren et al., 2012;
Golkar et al., 2012; Johnson & Casey, 2015; Klucken et al.,
2016; Kredlow et al., 2018a; Oyarzun et al., 2012; Schiller
et al., 2013, 2010; Steinfurth et al., 2014). However, in our
study, subjects did not undergo psychiatric assessment nor
were any measures of anxiety considered, which prevents
an analysis of any relationship between anxiety levels and
CRs. That said, it would be important for future studies to
use a more robust selection of participants taking into
account the possible effect of pre-experimental
characteristics on conditioned responses. Although the
presence of psychiatric symptoms has been shown to
influence behavioral patterns related to Pavlovian
conditioning and extinction (Grillon, 2002), the criteria for
selecting participants has not been described in several
papers on PRE in humans (Zuccolo & Hunziker, 2019). In

fact, only recently the effects of pre-experimental
characteristics of participants on conditioning, extinction,
and return of conditioned responses has been thoroughly
discussed (Kredlow, Orr, & Otto, 2018b; Lonsdorf et al.,
2017).

Since this is a preliminary study, it is important to
address some of its limitations. One factor that might have
contributed to the failure to replicate Schiller et al. (2010)
is related to the reduction of our sample after applying
criteria  for conditioning and extinction, which
substantially reduced the power to show differences
between groups (and between responses to different
stimuli within groups). Approximately 2/3 of the initial
participants had to be excluded from the analysis because
the assessment of the return of a conditioned response
requires demonstrating that a) the behavior of interest
(differential conditioning to the CSa+ and CSb+) was
present after the first session and b) that this behavior was
reduced at the end of the extinction session. Also, because
we chose to use two CS+s, participants were required to
show equivalent levels of conditioning between them. The
criteria utilized here has been a standard in the literature,
as well as the problems arising from the exclusion of many
participants. In fact, the rate of exclusion of participants
because of a failure to demonstrate conditioned responses
using aversive stimuli as US can vary from 15% to 60% in
the literature (e.g., Kredlow et al., 2018b; Lonsdorf et al.,
2017; Schiller et al., 2013, 2010).

The difficulty to demonstrate conditioning in
humans has been a matter of debate in the literature and
there has been some works discussing this issue (Kredlow
et al., 2018b; Lonsdorf et al., 2017). For example, a recent
study has shown that African Americans were less likely
to fulfill criteria for conditioning compared with non-
African-Americans; however, age, education, and gender
did not predict failure to condition (Kredlow et al., 2018b).
Our sample included participants from multiple racial
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groups, which could have theoretically influenced our
rate of conditioning. However, this is only hypothetical,
as there are no published data on the influence of race on
Pavlovian conditioning in the Brazilian population,
which differs in many aspects from the Americans (from
which the data from Kredlow et al., 2018b were derived).
Future studies should address the issue of whether and
how race / skin color and other socio-demographic
variables influence Pavlovian conditioning and
extinction in our population.

Another factor that might have been changed
our rate of conditioning is related to the type and
intensity of the US. As in most studies on Pavlovian
conditioning in humans, we utilized electric shocks as
US. However, for ethical reasons, it is common practice
in human research to make each participant choose the
US intensity, rather than the experimenter setting the
same intensity for all participants, as was done in earlier
studies (e.g., Spence, Haggard, & Ross, 1958). Although
these procedure is ethically important, it might diminish
the robustness of the conditioning phenomenon
(Boucsein, 2012). Another problem arises from the fact
the US intensity is set by the participant, which can
increase the level controllability, a variable that has been
shown to interfere with the aversiveness of a stimulus
(Grillon, Baas, Lissek, Smith, & Milstein, 2004). Given
the problems of using electrical shocks as US, some
laboratories have attempted to use alternative forms of
aversive stimulation. For example, Oyarzin et al. (2012)
utilized auditory stimuli (loud shrill sounds set at 96dB).
Although they were able to replicate the results from
Schiller et al. (2010), the use of an alternative to
electrical shocks as US did not prevent the exclusion of
approximately 20% of the sample because of failure to
demonstrate conditioning (Oyarzin et al.,, 2012).
However, a recent study showed that using a compound
US (electric shock combined with a scream noise) almost
doubled the rate of participants fulfilling criteria for
conditioning (Kredlow et al., 2018b). In conclusion,
there has been an increasing recognition from the
scientific literature that a better description of the
optimal parameters to produce conditioning using
aversive US are needed. As such, it can be said that
studies on behavior analysis aiming to improve
conditioning and extinction in humans are welcome.

The study by Schiller et al. (2010) has made an
enormous contribution by demonstrating that the
reoccurrence  of CR may be reduced through
manipulations in the environment during extinction.
However, negative results in this preliminary study adds
to the literature to show that the procedure proposed by
Schiller et al. (2010) must be reassessed to identify what

aspects of it are essential for a reduction of return of CRs.

This identification could optimize the procedure
proposed by Schiller et al. (2010) and thereby facilitate
its replication in different laboratories. This will require
a refinement of PRE procedures as well as basic research
on the optimal parameters to produce classical
conditioning and extinction in participants from our
population.
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