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A B S T R A C T

Fear extinction studies in youth have yielded mixed results due to developmental processes and variations in
design, methodology and dependent measures. This systematic review focused on studies with healthy youth
between 2 and 17 years of age to identify experimental parameters of studies documenting extinction effects.
Thirty-five studies met inclusion criteria and the following themes emerged (a) some studies employed para-
meters and task demands that are complex and require active participant involvement whereas others involved
simple stimulus configurations and passive participant involvement, and (b) variation exists among dependent
measures in units of measurement, timing and type of measurement. The review identified that studies using
geometric shape conditioned stimuli (CS) paired with a tone unconditioned stimulus (US) (e.g., metal scraping
on slate), as well as face CSs with a scream US produced the most reliable extinction effects, although the latter
combination may be associated with higher drop-out than shape CSs and a tone US. The most commonly used
and effective dependent measures for revealing extinction effects were skin conductance responses (SCR) and
subjective ratings (SR) of CS valence, fearfulness and arousal. Fear potentiated startle (FPS) blink reflexes were
also an effective but less commonly used measure. It is recommended that future studies use shape CSs and the
metal scraping on slate US in studies involving children and either shape CSs and the metal scraping on slate US
or face CSs paired with a scream US with adolescents. It is also recommended that US expectancy ratings and CS
evaluations are assessed trial-by-trial and between-phase, and that startle-eliciting stimuli to measure startle
blink reflexes are delivered on every second trial per CS so that SCR and FPS can be examined. However, further
research is required to determine whether increased participant involvement due to providing trial-by-trial and
between-phase ratings of the CSs and US differentially influences responding, particularly in children relative to
adolescents and adults.

1. Introduction

Exposure-based cognitive-behavioural therapy (CBT) is an effica-
cious and widely used psychological treatment for anxiety disorders
(Higa-McMillan, Francis, Rith-Najaran & Chorpita, 2016), in which
gradual and repeated exposure to the feared object or situation is a key
component (Kendall et al., 2005). Exposure therapy is based on the
theoretical principle of extinction of conditioned fear responses
(Craske, Treanor, Conway, Zbozinek, & Vervliet, 2014), whereby a
conditioned stimulus (CS) is repeatedly presented in the absence of the
aversive event until fear gradually declines. Although exposure-based
CBT has been found to be effective in alleviating children's anxiety in
approximately 60% of anxious youth, 40% are unlikely to benefit either

in the short- or long-term, highlighting the need for continued basic
research on extinction in youth (Ginsburg et al., 2014).

Most often, research on fear acquisition and extinction has em-
ployed a Pavlovian differential fear conditioning and extinction para-
digm. During the differential conditioning phase, a neutral conditioned
stimulus (CS+) is paired with an aversive unconditioned stimulus (US)
so that the CS + acquires the capacity to elicit fear, whereas another
conditioned stimulus (CS-) is never paired with the aversive US (Duits
et al., 2015). Differential fear conditioning is typically observed by an
increase in self-reported and physiological fear-related responses to the
CS + compared to the CS-. During the extinction phase in which both
the CS+ and CS- are repeatedly presented, the US is no longer pre-
sented with the CS + trials. Extinction is indexed by decreases in self-
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reported and physiological responses to the CS + to within comparable
levels to the CS-. Many studies also examine relapse of fear via me-
chanisms including reinstatement, renewal and spontaneous recovery.
Reinstatement occurs when extinguished fear returns after exposure to
an aversive stimulus; renewal takes place when the CS is presented in a
different context to the extinction context, and spontaneous recovery
occurs following a period of time without encountering the CS or US
(for a review, see Boschen, Neumann, & Waters, 2009). Studies in
which relapse of fear are examined include an additional phase in
which the CS+ and CS- are presented and these trials may occur shortly
or much later (e.g., on the next day) following extinction.

This review was triggered by the observation of variation in results
from studies of differential fear conditioning and extinction among
children and adolescents. This variation may be due to differences as-
sociated with cognitive, biological and emotional development (Rapee,
Schniering, & Hudson, 2009; Steinberg, 2011; Waters & Craske, 2016).
However, findings may have also been influenced by variation in task
design, methodology, and the dependent measures assessed. For ex-
ample, researchers have utilised different types of CSs and USs, dif-
ferent numbers of trials during differential conditioning and extinction
phases, and differing schedules of reinforcement on CS + trials during
conditioning. Moreover, only a handful of studies in children and
adolescents have included extinction retest phases or examined me-
chanisms underlying return of fear following extinction. There are also
other challenges facing this area of research. For example, some fear-
evoking stimuli are unacceptable to use with youth, which limits the
options available to researchers. Furthermore, some studies involve
stimulus parameters and task designs that are more complex and re-
quire active participant involvement during the experiments (e.g.,
providing trial-by-trial US expectancy and CS evaluation ratings)
whereas others involve passive task conditions during differential fear
conditioning and extinction and assess between phase ratings only. The
extent to which variations in task design and methodology invoke dif-
fering levels of cognitive demand upon children relative to adolescents
and contribute to mixed results remains unclear. Furthermore, de-
termining the design and methodological parameters of differential
conditioning and extinction paradigms that produce theory-consistent
and replicable effects is important for providing a solid experimental
framework to examine mechanisms in the laboratory that can then be
translated into intervention research on exposure-based treatments
(Waters, LeBeau, & Craske, 2017). A systematic review is an important
first step towards identifying task parameters that may be most reliable
in producing differential fear conditioning and extinction effects in
experimental research with children and adolescents.

1.1. Literature review of design features

1.1.1. Design
Single cue conditioning refers to the presentation of a single CS

paired with the US. Responding to the CS is compared with a control
group that receives random or explicitly unpaired presentations of the
CS and the US. The single cue design has been criticised for failing to
control for orienting and other non-associative processes that may af-
fect responding to the CS (Luck & Lipp, 2016). Also, finding appropriate
controls is difficult as is the use of an explicitly unpaired stimulus se-
quence as it can result in inhibitory conditioning (when the CS signals
the absence of the US) to the CS (Luck & Lipp, 2016). In contrast, dif-
ferential fear conditioning uses two CSs, one that is paired with the US
(CS+) and another that is not (CS-). A conditioned response (CR) is
elicited by the CS+ and not by the CS-, thereby controlling for non-
associative factors through the use of a within-participant design, and
as such, it provides a statistically more powerful approach to examine
conditioning than single cue designs. As differential cue conditioning is
recommended over single cue conditioning (Lissek et al., 2005), only
differential fear conditioning and extinction studies are reviewed in this
paper.

1.1.2. Type of CS
Conditioned stimuli (CS) are used to signal the presence of the US in

differential conditioning procedures. The type of CS has varied ex-
tensively across research studies; however, differential conditioning is
most robust when the CS type is neutral before beginning acquisition
training, that is, it will only elicit a differential conditioned response
after repeated pairing with the US (Lipp, 2006; Lissek et al., 2005). A
meta-analysis of adult studies found the most common types of CSs
were visual and auditory stimuli, although a few studies have used
odour CSs (Shechner, Hong, Britton, Pine, & Fox, 2014).

Auditory stimuli such as tones of varying quality and intensity were
used frequently in adult studies to differentiate between the CS+ and
CS- particularly in the 1950 to 1960's (Howe, 1957; Fayu, 1961; Clum,
1969; Ashcroft, Guimarães, Wang, & Deakin, 1991; Del-Ben et al.,
2001). In youth studies, auditory CSs have rarely been used (Block,
Sersen, & Wortis, 1970; Gao, Raine, Venables, Dawson & Mednick, 2010
a, b, c and Gao, Tuvblad, Schell, Baker, & Raine, 2015) primarily be-
cause differentiating between two sounds could be difficult for youth.
Moreover, none of the studies with children tested contingency
awareness or US expectancy, so it is unclear whether participants cor-
rectly identified the CS + -US association, and extinction was not re-
ported.

Odour CSs have primarily been used in studies of patients with
psychosomatic conditions to provoke hyperventilation as the CR (Van
den Bergh, Stegen, & Van de Woestijne, 1997). There appears to be no
studies that have used odour CSs with youth. Moreover, odour per-
ception is thought to be related to disgust rather than fear and can
evoke memories or emotions of prior learning that can affect in-
dividuals differently (Sehlmeyer et al., 2009). Also, ethically it may be
difficult to use odour as the CS with youth, as it may induce illness and
distress, as found in a study with adults in which common symptoms
included fatigue, difficulty concentrating, pounding heart, shortness of
breath, anxiety and headache (Van den Bergh et al., 1997).

Of visual stimuli, word CSs were used in an early study on adult
patients with varying phobias (psychasthenic outpatients), and al-
though the results found differential conditioning and extinction in all
participant groups, there was no significant differences between groups
(Halberstam, 1961). Halberstam (1961) suggested that words could
induce different memories and meanings for individuals and therefore
may not be considered neutral. Moreover, word CSs requires a level of
reading ability, which may be problematic when studying differential
fear conditioning and extinction in young children. There appears to be
no studies using word CSs with youth.

Face CSs have been used in studies with youth. The features of faces
have varied widely amongst studies with adults and youth, with var-
iations observed in face gender, emotion and race; for example, neutral
faces (Lau et al., 2008), angry faces (Rowles, Lipp, & Mallan, 2012),
male (Tzschoppe et al., 2014) and female faces (Chauret et al., 2014) as
well as those of different race, e.g., Asian (Mallan, Sax, & Lipp, 2009).
Although face CSs are thought to be evolutionarily-relevant and sui-
table for eliciting fear processes akin to those associated with phobic
anxiety (Ohman & Mineka, 2001), they may be more meaningful to
participants compared to other neutral stimuli such as geometric
shapes, and thus, susceptible to a classical conditioning phenomenon
known as latent inhibition, which states that familiar stimuli result in
weaker conditioning than do unfamiliar and neutral objects (Mineka &
Oehlberg, 2008; Sehlmeyer et al., 2009). This is due to the amount of
pre-exposure humans have to faces, although it should be noted that
children may be equally exposed to geometric shapes on a regular basis
due to educational play. Also, a study has found gender effects when
using four male and four female face CSs, with female participants
eliciting stronger amygdala activation than male participants (Williams
et al., 2005). Furthermore, like odours and words, face CSs could trigger
strong emotions and memories associated with prior events and thus
the potential for face CSs to be more resistant to extinction than more
neutral CS types such as shapes (Lissek et al., 2005).
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Indeed, shape CSs have been used extensively in studies with adults
and youth and have included different coloured squares (Pattwell et al.,
2012) or different coloured geometric shapes such as triangles and
circles (Waters, Henry, & Neumann, 2009) and also more complex
shapes such as cartoon-like faces (Liberman, Lipp, Spence, & March
2006) and three dimensional animal like combinations of shape and
colour similar to real world animals (Barry, Vervliet, & Hermans, 2016).

1.1.3. Type of US
The unconditioned stimulus (US) is used to induce fear of the con-

ditioned stimulus (CS+) and the challenge in youth research has been
to employ sufficiently fear-eliciting stimuli that are safe and acceptable
for children. Research with adult participants has traditionally used
electric shocks as the aversive US (Lissek et al., 2005). However, as
shock is unethical to use with youth because it may invoke distress and
discomfort, and it requires insight from the participant during the shock
work up procedure to determine a level that is uncomfortable but not
painful, novel but less aversive stimuli have been employed in youth
studies. Researchers have primarily used auditory stimuli such as keys
rattling in a tin can (Gao et al., 2015), pure tones (Craske et al., 2008),
white noise (Fairchild, Van Goozen, Stollery, & Goodyer, 2008), metal
fork scraping on slate (Neumann, Waters, & Westbury, 2008), and
human screams (Lau et al., 2008).

An air puff US has been used in adult and adolescents studies and
involves an unpleasant air blast directed at the larynx. Grillon et al.
(1999) used air blasts as aversive startle eliciting stimuli during fear-
potentiated startle experiments in adolescents and adults, though they
did not test extinction. Pine et al. (2001), found differential con-
ditioning effects as indexed by amygdala activation during fMRI ex-
periments with adults when using an air puff US and different coloured
lights as the CS to measure changes in amygdala activity. In a differ-
ential fear conditioning and extinction study of trauma-exposed adults
with and without PTSD, successful differential fear conditioning but not
extinction was observed using an air blast US to the larynx and different
coloured shapes CSs (Norrholm et al., 2011). An adolescent study found
that healthy participants rated an aversive air blast to the larynx as
mildly fearful, and therefore concluded that it might be suitable for
studying differential fear conditioning and extinction in anxious pa-
tients (Monk et al., 2003). Reeb-Sutherland et al. (2009) used an air
puff US and geometric shapes CSs during a differential conditioning
study with behaviourally inhibited adolescents with and without an-
xiety measured by FPS which was elicited by a white noise startle eli-
citing stimulus. They found all groups showed significant differential
fear conditioning. Jovanovic et al. (2014) demonstrated successful ex-
tinction in children using an airblast US and white noise as the blink
eliciting stimulus.

The use of odour as a US has also been examined and requires tubes
to be inserted in the nostrils or a mask that covers the mouth and nose,
to deliver the smell effectively. The type of odour used has varied
among studies. Adult studies have used odour US with successful yet
weak differential conditioning results on healthy controls (Hermann,
Ziegler, Birbaumer, & Flor, 2002). Van den Bergh et al. (1997) used
odour as a CS, and CO2 as the US; the CO2 was used to trigger hy-
perventilation in adult psychosomatic patients. Another study used
odour US and observed differences in amygdala changes in phobic
patients relative to controls during conditioning but not extinction with
adults (Schneider et al., 1999). Odour USs have not been used with
youth, possibly because the method of delivering the odour may be
distressing for children.

The human scream US has been used in numerous adult and ado-
lescent studies. Developed by Lau et al. (2008), this US typically in-
volves a female scream ranging from 80 dB to 95 dB and it is paired
with a fearful face for durations of 100ms–300ms (Britton et al., 2013;
Glenn et al., 2012; Lau et al., 2011). Original testing with youth using
self-report responses demonstrated that the CS + face paired with the
scream US was significantly more fear provoking than the CS- face (Lau

et al., 2008). However, more than half the participants dropped out of
the experiment before the day two extinction phase which authors at-
tributed to the high fear level (as participants returned to partake in
other studies). The researchers concluded that the US scream was more
aversive than tones and air puffs, but less aversive than electric shocks,
suggesting that it was an effective mechanism to use in differential fear
conditioning and extinction studies with youth (Lau et al., 2008; Lissek
et al., 2005). Given the potential for high dropout rates in studies with
adolescents (Britton et al., 2013) and the fact that the scream US may
be too aversive with children, Shechner et al. (2015) developed a novel
bell US paradigm to address the limitations of the aversive scream US.
The results revealed much lower dropout rates based on a smaller
sample size than that of prior studies (e.g., Britton et al., 2013).

Several studies have used pure tones at 1000 Hz delivered through
headphones, which create an unpleasant direct experience. However,
discrepancies exist in the intensity and duration of tones e.g.,
1000 Hz at 107 dB (Craske et al., 2008; Waters et al., 2009), 1000 Hz at
105 dB (Liberman et al., 2006). White noise is a high frequency sound
typically set at around 105 dB with a duration of 100ms–600ms (Lissek
et al., 2005; Peri, Ben-Shkhar, Orr & Shalev, 2000; Pliszka, Hatch,
Borcherding, & Rogeness, 1993). One adult study by Peri, Ben-Shakhar,
Orr, and Shalev (2000) consisted of bursts of 105 dB 500ms white noise
USs, finding that those with PTSD had larger heart rates than healthy
controls during differential conditioning and reduced extinction of
conditioned responses. A child study (6–12 years) conducted in the
early 90's used shapes as the CS and white noise (110 dB 200ms) as the
US, differential conditioning occurred for all groups (ADHD, anxious
and healthy) (Pliszka et al., 1993). The researchers concluded that a
ceiling effect may have occurred because the US was of such high in-
tensity; but later refuted this conclusion, suggesting that most children
appeared bored with the experiment, and concluded that they observed
habituation to the US (Pliszka et al., 1993). However, white noise is
generally not recommended for children, the elderly, those with
hearing problems, and especially infants and young children who can
be sensitive to the high intensity acoustic stimuli, particularly when
used in repeated exposure (Lissek et al., 2005).

A novel ecological sound was created by Neumann and Waters
(2006), which consisted of a 3-s recording of a metal fork scraping over
slate. This stimulus was rated as more unpleasant than an electric shock
by adult participants and has been shown to produce reliable differ-
ential fear conditioning and extinction results in adults (Neumann &
Waters, 2006), adolescents (Neumann, Waters & Westbury, 2008) and
children (Neumann, Waters, Westbury, & Henry, 2008).

1.1.4. Number of conditioning trials
There has been wide variation in the number of trials used during

differential conditioning and extinction phases. Discrepancies are often
due to the purpose of the research, i.e., to establish reliable differential
conditioning to examine the effects of extinction or fear generalisation
to other stimuli. Furthermore, the number of trials may simply be based
on researcher training and experience. In adult studies, the number of
trials has ranged from 3 to 60 for conditioning and 2 to 25 for extinction
(Hermann et al., 2002; Lissek et al., 2005; Van den Bergh et al., 1997).
The number of trials has been considerably smaller in studies with
youth and has typically ranged between 6 and 24 for conditioning and 3
to 24 for extinction (Pattwell et al., 2012), with one study including 60
trials during conditioning (Lau et al., 2011). The choice of fewer trials
with youth may circumvent concentration problems and fatigue and
limit exposure to the unpleasant US in younger participants.

1.1.5. CS-US reinforcement schedule
The frequency with which the US is paired with the CS has also

varied widely across adult and youth studies, and has largely been
based on the desired effects during extinction. The decision to use
partial reinforcement of either 50% or 75%, instead of 100% re-
inforcement during differential conditioning, is to prevent habituation
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of responses to the US and so leading to more resistance during ex-
tinction (Lau et al., 2008). Research that investigated neural reactivity
to 50% and 100% CS-US reinforcement showed the largest amygdala
responses during the 100% trials, because the amygdala is the principal
site of CS-US convergence and conditioned response production during
differential fear conditioning (Dunsmoor, Bandettini, & Knight, 2007).
Accordingly, not using 100% CS-US reinforcement affects participants’
CS-US contingency awareness, which in turn, slows the extinction of
fear responses (Chauret et al., 2014). Thus, 100% reinforcement pro-
duces greater CS-US contingency awareness during differential con-
ditioning but also produces more rapid extinction than partial CS-US
reinforcement schedules during differential conditioning.

The purpose of this review was to systematically evaluate the ex-
perimental designs, methodological features, and measurement para-
meters of differential fear conditioning and extinction studies con-
ducted with youth to (a) identify the most reliable experimental
parameters and dependent measures for extinction studies, and (b)
formulate recommendations for future research. In this review, we
focus only on the results of healthy participants to reduce any con-
founding factors, however search terms included “anxiety” to assist in
finding differential fear conditioning and extinction studies, as the ex-
amination of these processes in anxious individuals has often been the
purpose of these experiments. In this review, we describe features of
differential fear conditioning and extinction studies, including the type
of CS, the type of US, the number of CS conditioning and extinction
trials and the CS-US reinforcement schedules used in prior studies. In
addition, we examine the measurement parameters of skin conductance
responses, fear potentiated startle, and subjective report measures (e.g.,
US expectancy, CS evaluations and subjective anxiety ratings).
Contingency awareness, another subjective report measure of the extent
to which the participant has established the association between the CS
+ and the US, is discussed separately.

2. Method

2.1. Inclusion & exclusion criteria

Fig. 1 displays the search strategy. Articles were included if they
met the following initial search parameters: (a) published between
1970 to July 2017; (b) written in English; (c) tested fear conditioning;
(d) contained healthy participants either as the only participants or
control group, and (e) included children or adolescent humans between
2 and 17 years of age.

2.2. Search strategy

Searches were conducted using Medline, Embase and PsycInfo da-
tabases. Search terms included (child* OR adolesce* OR youth) AND
(Fear conditioning) AND (differential cond*) AND (Acquisition) AND
(Extinction) AND (anxiety or anxious). Plus, MeSH terms – Anxiety;
Extinction, Psychological; Conditioning, Psychology; conditioned sti-
mulus; conditioned fear. These were searched with keyword para-
meters. All papers up until and including 21st July 2017 were included
in the search.

2.3. Screening

Parameters of the results were refined to exclude non-articles (e.g.
Posters, letters, lists of abstracts), publications not in English and du-
plication across databases. For the second exclusion, the keywords (rats
and mice) were entered into EndNote X8 to eliminate those that did not
fit the criteria for human participants. In the third exclusion, only ar-
ticles that contained the keywords child, children, adolescent or ado-
lescence or youth were retained. For the remaining articles, titles and
abstracts were screened for inclusion or exclusion criteria suitability, in
particular that they were differential fear conditioning studies. For the

final review, the full text was studied to determine if they contained
normal or healthy control groups in the experiments.

2.4. Assessment method for establishing the quality of differential fear
conditioning and extinction experiments

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, which consists of a 27-item checklist,
was used to ensure transparent reporting of studies included in this
review (Moher, Liberati, Tetzlaff, Altman, & Group, 2009). In addition,
the assessment guidelines used for evaluating the quality of measures in
the Effective Public Health Practice Project (EPHPP) (Thomas, Ciliska,
Dobbins, & Micucci, 2004) were adapted to develop a Differential Fear
Conditioning and Extinction Quality Assessment Instrument (DFCE-
QAI). The research team devised a list of component criteria to be in-
cluded in the assessment process to identify task parameters and de-
pendent measures used in differential fear conditioning and extinction
experiments. The components included (a) design, (b) type of CS, (c)
type of US, (d) number of trials for conditioning and extinction and (e)
percentage of reinforced trials (see Table 1). The first author developed
a definition for each classification level of each component based on the
terms and task parameters reported in the literature, with levels ranging
from strong, moderate and weak based on the EPHPP guidelines (Thomas
et al., 2004). The classification levels were applied in relation to the
suitability of each component for use in differential fear conditioning
and extinction experiments with children and youth rather than the
relative strength of differential conditioning and extinction reported in
each study. The definitions and classification levels were revised and
ratified between the first and fourth authors until consensus was
achieved. The definitions of each classification level for each compo-
nent are defined below (see Table 1).

1. Design – For a Strong design classification, only differential or dis-
crimination conditioning designs were included, based on the re-
view by Lissek et al., (2005). A study needed to comprise of at least
two CSs, one that was paired with an aversive US (CS+) and an-
other that was not (CS-). To be classified asModerate the design used
had to be single cue conditioning, which used only one CS. To be
classified as Weak the type of design was either not specified or a
mix of other designs was used that were not focused on differential
fear conditioning.

2. Type of CS – a CS was classified as Strong if it was (a) perceptually
clear and distinct from the other CS, (b) free of evaluative proper-
ties, so as not to evoke emotions or memories that might engage
greater cognitive processing and (c) was dissimilar to the US.
Different modalities are recommended to reduce the potential con-
fusion in the child and help maintain their attention to the task
(Neumann, Waters, & Westbury, 2008). For a Moderate classifica-
tion, the CS types were unclear and distinct from the US; the CS may
also cause the participant to think and process the CS type, evoking
a cognitive load. Similarities between the two CSs classified this
component to be Weak as similarities may defer a young partici-
pant's attention from the task.

3. Type of US – a US was classified as Strong if it was potent or aversive
based on combined rater evaluation in relation to the suitability for
use in differential fear conditioning and extinction studies with
children and youth. To be aversive, stimuli are defined as resulting
in mild pain or discomfort that is often associated with biologically
harmful or damaging substances or events (Colman, 2009). To be
classified as Strong the US needed to (a) be directly unpleasant in
duration and/or decibel level, (b) have pre-existing emotional va-
lence, and (c) be distinctly different to the CSs. A Strong rating ex-
ample was the ‘scream and fearful face’ US developed by Lau et al.
(2008) as this US conveys pre-existing emotional valence that loud
tones lack. For the Moderate rating, the US was not evaluated as
sufficiently aversive and showed some similarities to the CSs. To be
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classified asWeak, the US type was not aversive or was similar to the
CSs.

4. Number of Trials in conditioning and extinction – In differential
conditioning, to be rated as Strong, the number of trials of the CS
was classified as 8 or more. This was supported by Neumann et al.
(2008) who recommended when assessing SCR in experiments with

children that a minimum of 8 and up to 12 trials per CS should be
used, as differential conditioned responses were evident only by trial
8. Liberman et al. (2006) found that only 6 conditioning trials of
each CS was insufficient to support differential conditioning in
children. Moderate ratings were classified as 4–7 trials of the CS as
researchers found consensus on this number. Less than 4 trials were

Fig. 1. Systematic review exclusion chart.
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classified as Weak. For extinction, the number of trials for a Strong
classification was adopted as 5 or more trials per CS. This was
supported by past research that discussed their limitations for
achieving stronger results when fewer trials were used in extinction
(Waters et al., 2009). For Moderate ratings, 4 trials was deemed
reasonable based on researcher consensus. For Weak ratings, 3 or
fewer trials of the CS were considered unsatisfactory for successful
differential fear conditioning and extinction designs.

5. Percentage of reinforced trials – As the focus in this review was on
designs from which extinction effects were observed, the Strong
rating for the percentage of reinforced trials between CS-US was
100% as total reinforcement was hypothesised as the most effective
for differential fear conditioning and extinction results. The
Moderate rating was decided by researchers as 50%–99% to en-
capsulate those partial reinforcement studies with the purpose of
being more resistant to extinction. TheWeak rating was given to any
studies in which a 50% or less reinforcement schedule was used, as
differential fear conditioning would be even more resistant to ex-
tinction.

Two independent raters evaluated the studies by rating each ex-
perimental component in Table 1 using these classification levels de-
scribed above. Afterwards, the raters met with the first author during a
consensus meeting, they presented their rating of each experimental
component and ratings were classified as meeting consensus if the same
classification rating was given by both raters. Any differences were
discussed until consensus was reached and the raters' were questioned
about their interpretation of the definition or classification level to
determine if any amendments were required to enhance clarity. The
interrater reliability level of agreement was 83%.

3. Results

3.1. Article selection

The process of inclusion and exclusion of articles is summarised in
Fig. 1. Initially 1488 articles were identified and after review of key-
words, titles and abstracts, 64 articles were fully reviewed. The reasons
for article exclusion are listed in Fig. 1. After full article review, another
40 articles were excluded (reasons are described in Fig. 1). One long-
itudinal study (Gao et al., 2010b, 2015, 2010c, 2010a) was documented
in four articles, and therefore remained in the review as the 2015 ar-
ticle. After cross checking reference lists and previous reviews, as well
as author qualitative knowledge, 9 articles were added to the review.
Two papers report two experiments (Lau et al., 2011; Shechner et al.,

2015), so they were added as four separate studies in the final total.
This resulted in a total of 35 included studies (all included references
are highlighted with * in reference list).

Experimental parameters and dependent variables of the 35 studies
identified were decomposed and are presented in Table 2 including the
number of participants, the mean age and age range. The type of CS and
US are detailed in Table 2, with descriptions of the picture or sounds
used, along with the intensity of tones and length of exposure to the US.
The number of trials for each CS at conditioning and extinction is listed
plus the percentage of those trials that were reinforced by the US. The
duration of the CS and intertrial intervals (ITIs) were also listed for
comparison purposes.

The differential fear conditioning and extinction quality assessment
instrument criteria (as per Table 1) were then applied to each paper, the
resulting table represents consensus ratings from independent raters
(see Table 3). All studies were classified as having a strong design, i.e.,
all studies identified in this review were differential conditioning de-
signs and there were no single cue designs. The rating of strength of
suitably of type of CS and US was a subjective evaluation despite de-
tailed criterion. Subjective decisions included: faces (CS) as a moderate
rating as faces may evoke emotions or memories causing cognitive load
that may influence responding, and the same face appears with a dif-
ferent expression forming part of the US. The geometric shapes are
unlikely to invoke prior memories and learning and were rated as
strong. The scream (US) was rated as strong, due to its aversive and
fear-provoking properties. The tones (US), such as the pure tone, white
noise and metal scrapping on slate; were rated as moderate in terms of
aversiveness and fear-provoking properties.

3.2. Dependent measures

Table 4 details the dependent measures used in each study. The
main measures used were skin conductance response (SCR), fear po-
tentiated startle (FPS) and subjective report (SR) measures (See sup-
plementary paper for review of dependent measures). The other mea-
surements identified included heart rate, neural measures, eye
movements and reaction-time to index avoidance. The units of mea-
surement in each study are outlined in Table 4.

3.2.1. Skin conductance response
Of the 35 studies, 23 assessed SCR. SCRs serve as an objective,

nonverbal, involuntary indicator that is sensitive to the anticipation of a
possible significant outcome (Dawson, Schell, & Courtney, 2011). The
most popular unit of measurement (11 studies) was the whole interval
response, which is defined as using either magnitude or amplitude SCR

Table 1
Differential fear conditioning and extinction quality assessment instrument (DFCE-QAI) definitions.

Components Strong Moderate Weak

Design Differential conditioning design Single cue conditioning, only use the CS+ Unspecified or mixed with
other experiments

Type of CS 1 Perceptually clear and distinct.
2 Neutral of evaluative properties, so as not to evoke
emotions or memories that might engage greater
cognitive processing

3 Dissimilar to the US

Not clear and distinct or would evoke a
participant to think or evaluate the item

Close similarities between
the CS+ and CS-

Type of US The US is potent or aversive and not similar to CS's
1 Directly unpleasant – Duration; dB(A)
2 Has pre-existing emotional valence (evokes positive or
negative emotions)

3 Distinctly different to the CSs

Neither very aversive or very similar to
CS's

Close similarities to the CS's
and not aversive

No of trials – how many of each CS
is shown in ACQ

8 or more 4–7 3 or less

No of trials – how many of each CS
is shown in EXT

5 or more 4 3 or less

% of reinforced trials 100% 50%–99% Below 50%

Note. CS – Conditioned stimulus; US – Unconditioned stimulus; ACQ – Acquisition; EXT – Extinction.
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across the entire duration in which the CS was presented. First interval
responding is defined as responses starting within 1–4s of CS onset and
reflects the initial signal value of the CS that is enhanced when the CS+
is paired with the US. Second interval responding is defined as re-
sponses starting within 4–7s of CS onset, and reflects the anticipation of
the US. The third interval responses begin 7–11s following CS onset and
provide a means to examine responses to the US on CS + trials and the
effects of no US on CS- trials (Luck & Lipp, 2015; Prokasy & Kumpfer,
1973). Eleven studies reported variants of interval responding: 6 studies
used 1st interval, 2nd interval or 3rd interval responses or a combina-
tion of two of these intervals; 5 studies reported all three intervals. One
study reported assessing SCR but did not report how it was measured or
any results (Lau et al., 2011).

3.2.2. Fear potentiated startle
Nine studies assessed FPS, which is most commonly measured

through recordings of the contraction of the orbicularis oculi muscle
beneath the eye, which is involved in the contraction of the eyelid in
response to an intense startle-eliciting stimulus (Grillon, 2002). FPS
requires the participant to be fitted with electromyographic (EMG)
electrodes usually placed under the eye to measure their eye blink
startle reflex, with the signal conducted to a recording device and re-
quires a degree of participant preparation (Blumenthal et al., 2005).
The intense startle-eliciting stimulus is most commonly an acoustic
white noise burst of 100–110 dB(A) with an instantaneous rise time
which can be presented either with loud speakers or headphones, or an
air puff directed to the skin generally in the upper part of the face or
larynx (Blumenthal et al., 2005). Results from the review indicated that
the blink eliciting stimuli included white noise (6 studies) and air blast
(3 studies). White noise duration varied with 5 of the 6 studies using
50ms and one using 40ms durations. The decibel level varied between
95 dB and 110 dB. Only Liberman et al. (2006) and Reeb-Sutherland
et al. (2009) used the same decibel level, but varied in their measure-
ment of the response; Liberman et al. (2006) measured from foot-point
to the peak of the response whereas Reeb-Sutherland et al. (2009)
measured the magnitude of response from a pre-startle stimulus base-
line average to the peak. The three studies that utilised air blast as the
blink eliciting stimuli measured from a pre-stimulus baseline to peak
amplitude. The air blast was the same in all three studies: 40 ms in
duration and 4–10 psi for pressure.

3.2.3. Subjective report measures
Twenty-five of the 35 studies used subjective report ratings, with

most using more than one type of evaluation.
Six studies recorded US expectancy ratings, with variation occurring

in whether expectancies were assessed during each CS trial (i.e., trial-
by-trial) (4 studies), after the conditioning phase (1 study) or after
conditioning and extinction (1 study). In this latter study, participants
were asked to respond to a question using the computer keyboard for
the US expectancy ratings after each phase. Two of the trial-by-trial
studies used a computer keyboard for ratings and two used a dial and
pointer device. The scales differed between studies in terms of number
of points on the response scale from −100 to +100 (2 studies);
1–100%; −1 to +1; 0–8 and Yes or No.

The CS evaluations varied in terms of the dimension of the CS being
assessed including valence (unpleasant - pleasantness) (9 studies), fear
or scariness (14 studies), arousal (8 studies), happiness, perceived
control, and interest (1 each respectively). Seven studies used the self-
assessment mannequin (SAM) to obtain CS valence ratings, a user-
friendly Likert scale with cartoon-like figures, the scales available are
for valence, dominance and arousal (Lang, 1980). In these seven stu-
dies, variations occurred in the number of points on the Likert scale,
two studies used 5-point scales with the remaining five using 9-point
scales. The majority of CS evaluations (21 studies) were assessed before
conditioning, after conditioning and after extinction. Three studies (2 x
fear; 1 x valence) used trial-by-trial ratings after each CS presentation.Ta
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Ratings were generally recorded via a computer keyboard, two studies
used pen and pencil ratings and two studies stated that ratings were
taken verbally. Absence of specific information was relatively common
in the methods section in general but particularly with the specifics of
CS evaluation measures.

Three studies measured subjective level of anxiety before con-
ditioning, after conditioning and after extinction using a visual ana-
logue scale all with 11 point scales from not at all anxious to very an-
xious, and typically assessed verbally by the experimenter. Haddad,
Bilderbeck, James, and Lau (2015) used a nervousness scale during
conditioning which asked participants “how nervous are you?” during
each CS presentation, and a red bar appeared on the screen and they
moved the bar with a button box along a 0–10 scale. It should be noted
that some studies assessed anxiety with psychological assessments such
as the Anxiety Diagnosis Inventory Scale (these measures were not
examined in this review).

Three studies measured the intensity and unpleasantness of the US
after the conditioning phase using a visual analogue scale on either
0–10 or 0–20 scale assessed verbally. One study asked participants to
rate the scariness of the US after each phase on scale of 1–9 of not at all
scary to very scary.

3.2.4. Contingency awareness
Sixteen studies measured contingency awareness, to ascertain

whether participants identified which CS was associated with the US,
this was completed verbally or with pen and paper. Studies varied in
terms of timing of measuring contingency awareness after conditioning
(8 studies) or after the extinction phase (2 studies). Six studies did not
report when contingency awareness was assessed. Two studies inferred
contingency awareness by whether participants correctly associated US
expectancy with the CS+ and not the CS- on the last three trial of each
CS during conditioning (Schiele et al., 2016; Waters, Theresiana,

Neumann, & Craske, 2017).
Table 5 presents a summary of the results of differential fear con-

ditioning and extinction for the healthy participants in all 35 studies.
The table lists the age group of the participants (child or adolescent), a
summarised description of the US type used and the dependent mea-
sures used. In Table 5, successful differential conditioning or extinction
is indicated with a tick, and when unsuccessful this is indicated with a
cross. Empty cells mean this measure was not reported. Successful ex-
tinction studies are shaded in groups based on the dependent measure
used. Ten studies did not test extinction and are highlighted at the end
of the table.

Successful differential conditioning was defined as there being a
statistically significant difference in response magnitude to the
CS + compared to the CS-. By defining differential conditioning in this
way, it does not rule out that some degree of generalisation to the CS-
may have occurred. Successful extinction was defined as no significant
difference in response magnitude to the CS + compared to the CS- at
the end of the extinction phase.1 In 22 of 23 studies that used SCR,
differential conditioning was successful. Using subjective reports (SR),
23 studies out of 25 had successful differential conditioning. Of the 9
studies that used FPS, 8 had successful differential conditioning.

Table 3
Review of differential fear conditioning and extinction quality assessment instrument (DFCE-QAI).

Authors Design Type of CS Type of US No. of trials in ACQ No. of trials in EXT % of reinforced trials

Block et al. (1970) Strong Weak Moderate Strong Strong Strong
Pliszka et al. (1993) Strong Moderate Moderate Moderate Moderate Strong
Liberman et al. (2006) Strong Moderate Moderate Moderate Strong Strong
Craske et al. (2008) Strong Strong Moderate Moderate Moderate Strong
Fairchild et al. (2008) Strong Strong Moderate Strong Moderate Moderate
Lau et al. (2008) Strong Moderate Strong Strong Weak Strong
Neumann et al. (2008a) Strong Strong Moderate Moderate Strong Strong
Neumann et al. (2008b) Strong Strong Moderate Strong Strong Strong
Reeb-Sutherland et al. (2009) Strong Strong Moderate Moderate NA Moderate
Waters et al. (2009) Strong Strong Moderate Moderate Moderate Strong
Fairchild et al. (2010) Strong Strong Moderate Strong Moderate Moderate
Gao et al. (2015) Strong Weak Moderate Strong NA Moderate
Haddad et al. (2011) Strong Strong Weak Strong Strong Moderate
Lau et al. (2011) Strong Moderate Strong Strong NA Strong
Glenn et al. (2012) Strong Moderate Strong Moderate NA Strong
Patwell et al. (2012) Strong Strong Moderate Strong Strong Moderate
Britton et al. (2013) Strong Moderate Strong Strong Strong Strong
Chauret et al. (2014) Strong Moderate Strong Strong Strong Moderate
Jovanovic et al. (2014) Strong Strong Moderate Strong Strong Strong
Waters et al. (2014) Strong Strong Moderate Moderate Moderate Strong
Tzschoppe et al. (2014) Strong Moderate Strong Strong Strong Moderate
Den et al. (2015) Strong Moderate Strong Moderate Moderate Moderate
Haddad et al. (2015) Strong Strong Strong Strong NA Moderate
Kadosh et al. (2015) Strong Strong Strong Strong NA Strong
Shechner et al. (2015) Strong Strong Strong Strong Strong Strong
McGuire et al. (2016) Strong Moderate Strong Strong Strong Strong
Waters and Pine (2016) Strong Strong Moderate Moderate Moderate Strong
Schiele et al. (2016) Strong Moderate Strong Strong NA Moderate
Michalska et al. (2016) Strong Strong Moderate Strong Strong Moderate
McLaughlin et al. (2016) Strong Strong Strong Strong Strong Moderate
Newall et al. (2017) Strong Moderate Weak Strong Strong Strong
Jackson et al. (2016) Strong Moderate Strong Strong NA Moderate
Waters et al. (2017) Strong Strong Moderate Strong Strong Strong

Note. CS – Conditioned stimulus; US – Unconditioned stimulus; ACQ – Acquisition; EXT – Extinction.

1 Five studies added a retest or reinstatement phase (Craske et al., 2008;
Britton et al., 2013; Den et al., 2015; Michalska et al., 2016; and; Waters et al.,
2017). All extinction phase results are recorded for the purpose of this review.
Lau et al. (2008) conducted 3 trials of extinction on day 1 and 12 trials on day 2.
Extinction results are recorded as per the study for day 2. Craske et al. (2008)
conducted retest an average of 12 days after extinction, these results were
consistent with the extinction results. Britton et al. (2013) and Michalska et al.
(2016) conducted fMRI's three weeks after the extinction phase with morphed
images to test recall. Den et al. (2015) and Waters et al. (2017) both tested
reinstatement and retest of the same day as extinction with mixed results.
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Table 5
Successful Acquisition and Extinction Results Listed by Measure, US type and participant (child or adolescent).
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The studies in Table 5 were organised based on the successful ex-
tinction dependent measures and age group within each dependent
measure. SCR was the most common measure used (23 studies in total),
with 17 studies finding successful extinction, with 8 of the studies in-
volving children and 9 involving adolescents. FPS was tested to ex-
tinction in six studies; four studies with adolescents and two with
children, and of these, five demonstrated successful extinction. Finally,
SR, which included CS evaluations and US Expectancy was successfully
extinguished in 11 out of 20 studies that tested extinction (6 studies

measured CS evaluations, 2 used US expectancy and 3 used a combi-
nation of US expectancy and CS evaluations). Nine extinction studies
testing SR were conducted on children with one that tested both chil-
dren and adolescents (Waters et al., 2017). Of those studies, six studies
plus the Waters et al. (2017) study demonstrated successful extinction
in SR measures.

Most reports of contingency awareness were descriptive. Five stu-
dies reported that all healthy participants were aware of the CS-US
association, others reported that more participants were aware then

Fig. 2. Summary of integrated dependent measures and design features from the systematic review of 35 studies.
Note. SCR – Skin conductance Response; SR – Subjective rating; FPS – Fear potentiated startle; CS – Conditioned stimulus; US – Unconditioned stimulus; ACQ –
Acquisition; EXT – Extinction.; S/T – Shape/Tone; F/S - Face/Scream; S/AB – Shape/Airblast; F/C – Face/Comment; A/F – Animal/Face; T/T – Tone/Tone
1Other dependent measures used include HR=2; fMRI=5; Other= 2. Not included in this review.
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unaware; there was no difference between control and anxious; healthy
participants reported greater awareness than anxious participants. The
remaining studies reported the exact percentages of participants who
demonstrated contingency awareness, with awareness ranged from
55% to 100% of participants (see Table 5).

Shechner et al. (2015) reported two studies comparing the use of
different US types (scream and bell), and both revealed successful fear
extinction in adolescents in FPS and SCR, but not SR (i.e., CS fear
evaluations). FPS (airblast startle eliciting stimulus) and SCR was
measured on every trial, and 6 adolescents dropped out due to fear in
these studies. Liberman et al. (2006) also reported three dependent
measures, however only found successful differential conditioning and
extinction with CS evaluations. Three studies reported successful ex-
tinction observed in all three dependent measures. Britton et al. (2013)
used face CSs with the face and scream US testing adolescent partici-
pants, measuring SCR, FPS using an air blast as the startle eliciting
stimulus on every trial and measured the level of fear of the CS. They
also reported a dropout rate during differential conditioning of 7 of the
42 healthy controls (16%). Jovanovic et al. (2014) used shape CSs with
an air blast to the larynx as the US on child participants, measuring
SCR, FPS using a white noise startle eliciting stimulus on every trial and
measured US expectancy (by block and phase). They reported 10 par-
ticipants dropping out due to fear (16%). Neumann et al. (2008) used
shape CSs with the metal scraping on slate US in adolescent partici-
pants, measuring SCR, FPS using a white noise startle eliciting stimulus
on half of the trials and measured US expectancy (trial-by-trial). No
dropouts were reported in this study.

Table 5 also lists the proportion of participants who did not com-
plete the study (Dropout Rate) as a result of their fear. The majority of
participants reportedly dropped out during the conditioning phase. Of
the 10 studies that reported dropouts due to fear, 5 studies used the
scream US, 3 studies used the bell US, one used the air blast US and
another the fearful face US. Also, it should be noted that in this table we
have only reported the healthy controls who dropped out, not the an-
xious participants.

Sixteen studies included anxious patients as participants in their
research (see Table 2). The extinction results from the patient groups
matched the results of the healthy controls in 5/16 studies (31.25%);
these studies are noted in Table 5 (**). In these five studies, three
studies used the face/scream and two used shapes/tone as the CS and
US respectively (Lau et al., 2008, did not find successful extinction in
healthy and anxious participants). Three studies (marked with one * in
Table 5) also found successful extinction with anxious patients, but on
different dependent measures to the healthy controls. Review of these
studies indicates considerable heterogeneity among the anxious sam-
ples in terms of diagnosis-type and clinical versus subclinical levels.
This makes it more difficult to determine whether task parameters
versus sample characteristics influence outcomes (see Supplementary
Table 1, Extinction results for the non-control participants, for more
details).

3.3. Design and experimental parameters

Fig. 2 provides a summary of the design features and measures
employed across the reviewed studies. The upper part of the figure
organises the studies by the type of CS/US combination and by the
dependent measure used; SCR, FPS and SR (some overlap occurs due to
multiple measures used within the same study). The number of studies
achieving successful differential conditioning was 35, displayed on the
third level by the dependent measure used (SCR N=22; FPS N=8; SR
N=22). Of those studies with successful differential conditioning, the
middle panel of the figure displays studies which found successful ex-
tinction (those that did not test extinction are presented as exclusions).
Successful extinction based on SCR occurred in 17 of the 20 studies that
tested extinction with this measure, 5 of the 6 studies that tested ex-
tinction using FPS and 11 of 20 studies based on SR testing extinction

using this measure (note that 21 studies overlap in measures used).
Studies using other measures are also presented in notes, but not in-
cluded due to small numbers (Pliszka et al., 1993; Tzschoppe et al.,
2014; Den, Graham, Newall, & Richardson, 2015; Newell, Watson,
Grant, & Richardson, 2017). The proportion of studies that achieved
successful extinction in healthy youth controls were 23/25 (92%).

The lower panel of Fig. 2 summarises the design features of studies
into two tables of successful extinction studies and unsuccessful ex-
tinction studies. The successful extinction table (left hand table) dis-
plays 100% of shape CS/tone US studies finding successful extinction
(N=15/15) and 85% of face CS/scream US studies finding successful
extinction (N=6/7). The design features table details the proportion of
CS-US reinforcement schedule and number of trials used in these stu-
dies. A 100% reinforcement schedule was used in 60% of the shape CS/
tone US studies whereas all 7 of the face CS/scream US studies used a
schedule less than 100%. The majority of successful extinction studies
had 7 or more trials per CS for conditioning and 5 or more trials per CS
for extinction.

On the right hand table, the unsuccessful extinction studies are also
listed with the design features detailed, one study used the face CS/
scream US and one used the face CS/comments US combination
(Haddad, Lissek, Pine, & Lau, 2011; Lau et al., 2008). These two studies
both used a CS-US reinforcement schedule of less than 100% and 7 or
more trials per CS for conditioning and 5 or more trials per CS for ex-
tinction.

The bottom rows of the two tables highlight the use of successful
extinction/total of dependent measures by design. This highlights the
variation of paradigms and measures throughout studies and the use of
only one dependent measure used in the unsuccessful extinction stu-
dies.

4. Discussion

This review was conducted to compare the design and methodolo-
gical features as well as the dependent measures of differential fear
conditioning and extinction experiments with youth that revealed
successful and unsuccessful extinction effects. Thirty-five differential
fear conditioning and extinction studies with healthy youth between 2
and 17 years of age, published between 1970 and 2017, were identified.
Of the 35 studies demonstrating successful differential conditioning, 10
studies did not test extinction and 2 studies did not report extinction in
any measures. This resulted in 23 studies that documented successful
extinction in at least one dependent measure. Extinction was found to
be successful in 100% of studies using the shape CS/tone US combi-
nation and 85% in studies using the face CS/scream US combination.
Magnitude of skin conductance responses was the most common de-
pendent measure in which successful extinction was observed. Between
phase subjective report measures were the second most frequently used
dependent measure, CS evaluations were the most commonly used
subjective rating, 9 out of 16 successful extinctions reported. Fear po-
tentiated startle was the least commonly assessed dependent measure
but found to be successful in 5 out of 6 extinction studies.

4.1. Design: experimental parameters

4.1.1. CS types
Shape CSs were used in 15 of the 23 successful extinction studies in

healthy youth and 6 of the 23 successful extinction studies used face
CSs. Shapes are a visual CS that are typically neutral prior to con-
ditioning training and have been found to be less resistant to extinction
than emotion evoking CS types such as faces (Lipp, 2006). Face CSs may
evoke memories of aversive events in a participant's past or increase
cognitive load due to the need for greater stimulus processing which
may increase differential fear conditioning but may inhibit extinction
(Lissek et al., 2005; Mineka & Oehlberg, 2008). Nevertheless, although
shape CSs have been used almost twice as often as faces, the present
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review found that the proportions of studies finding successful extinc-
tion was very similar for shape and face CSs (Shapes= 100%;
Faces= 85%).

4.1.2. US types
A tone US was used in 15 of the 23 studies reporting successful

extinction. A 1000 Hz pure tone was used in five of those 15 successful
extinction studies and the decibels ranged from 87 to 107 dB (Craske
et al., 2008; Liberman et al., 2006; Waters et al., 2009; Waters, Peters,
Forrest, & Zimmer-Gembeck, 2014; Waters & Pine, 2016). The metal
fork scraping on slate US delivered for 3 s at 83 dB was used in three of
the 15 studies reporting successful extinction (Neumann, Waters, &
Westbury, 2008; Neumann et al., 2008; Waters et al., 2017). An aver-
sive bell sound delivered for 1 s at 95 dB was also used in a further three
of the 15 studies finding successful extinction (McLaughlin et al., 2016;
Michalska et al., 2016; Shechner et al., 2015). Furthermore, white noise
was used in four of the 15 successful extinction studies (Patwell et al.,
2012; Fairchild et al., 2008; Fairchild, Stobbe, van Goozen, Calder, &
Goodyer, 2010 and Pliszka et al., 1993 – only tested HR).

Extinction was observed in 6 of 7 studies using the combination of a
fearful face and scream as the US. The fearful face and scream combi-
nation was rated the most aversive and potent US, however the concern
with youth participants is the high dropout rate (see Table 5). In the 7
studies that used faces and screams, high drop outs were recorded: 43%
in Lau et al. (2008) and 45% in Britton et al. (2013), both healthy and
patients dropped out due to anxiety invoked by the experiment. High
dropout rates could suggest that using fearful faces and screams may
result in a final sample that is problematic from an ethical perspective
as it may result in a final sample that is biased or show different
characteristics to the youth that have dropped out. Thus, tone stimuli of
moderate intensity such as metal fork scraping on slate or aversive bell
sounds appear to be capable of producing reliable differential con-
ditioning effects to enable the observation of successful extinction ef-
fects, while also resulting in maximum likelihood of participation re-
tention. Another suggestion could be trialling the scream US at a lower
intensity to reduce the dropout of participants from fear.

4.1.3. Number of CS trials
Fourteen of the 15 successful extinction studies (93%) using shape

CSs and tone USs included more than 7 conditioning trials per CS and
10/15 (66%) studies used more than 5 extinction trials per CS. All 6
successful extinction studies using face CSs and scream USs also in-
cluded this number of trials per CS in conditioning and extinction.
Across all studies, it was found that between 8 and 12 conditioning
trials and between 6 and 12 extinction trials was the most successful
combination for observing successful extinction effects. However, stu-
dies that have tended not to observe extinction effects on some mea-
sures such as CS evaluations have often included 8 trials and thus, it
may be important for future studies to use 12 or more trials per CS as it
may be the case that some dependent measures take longer to extin-
guish than others.

4.1.4. CS-US reinforcement schedule
It was predicted that 100% CS-US reinforcement schedule would be

most successful for extinction studies. Out of the 23 successful extinc-
tion studies, only 11 used 100% reinforcement. Of the 15 successful
extinction studies that used shape CSs and tone USs, nine (60%) of
those used 100% reinforcement schedule of the US to the CS+ in the
conditioning trials. None of the studies using face CSs and the scream
USs used 100% reinforcement. However, the reinforcement schedule
may be important depending on research goals. For example, 100%
reinforcement would be recommended to ensure extinction of differ-
ential fear conditioning occurred, if reinstatement is of interest. For
studies that aimed to test for fear generalisation rather than extinction,
partial reinforcement may be preferable. Nevertheless, the studies re-
viewed here suggest that the CS-US reinforcement schedule did not

appear to be a task parameter that affected whether or not extinction
was observed. However, future studies should compare reinforcement
schedules to confirm this empirically and determine whether the rate of
extinction differs as a function of conditioning reinforcement schedule.

4.2. Design: dependent measures

4.2.1. Skin conductance responses
Skin conductance responses was the dependent measure with the

most successful extinction, with 17 out of the 23 extinction studies.
In terms of measurement, as seen in Table 4, the most popular

method of SCR measurement was using the whole interval response,
with 48% of the 17 studies finding successful extinction utilising this
approach. A recent investigation into the sensitivity of three different
SCR indices, first interval responding (FIR), second interval responding
(SIR) and entire interval responding found that more sensitive results
come from designing and measuring conditioning experiments in such a
way as to allow distinction between first and second interval re-
sponding (Luck & Lipp, 2016), which supports past recommendations
(Prokasy & Kumpfer, 1973). The FIR is sensitive to orienting elicited by
the CS onset whereas the SIR is sensitive to anticipation of the US and
its absence. However, entire interval responding is not sensitive to these
conceptually important distinctions between orienting and anticipation
(Luck & Lipp, 2016).

4.2.2. Fear potentiated startle
Fear potentiated startle was assessed in 9 of the original 35 studies,

with 8 of the 9 studies reporting successful differential conditioning. Of
the 23 studies finding successful extinction, FPS was found to extin-
guish in 5 of 6 studies reporting FPS (Britton et al., 2013; Jovanovic
et al., 2014; Neumann, Waters, & Westbury, 2008; Shechner et al.,
2015). As identified, FPS has not been used extensively in youth studies,
perhaps because the additional tones or air blasts required to elicit
startle blinks may increase cognitive demands to determine which sti-
mulus is associated with the CS+ and which are not, and the overall
aversiveness of the task; which in turn, could affect learning or increase
the dropout rate. Notably, of the studies that had the highest percentage
of dropout, studies assessing FPS and the face CS and scream US were
among them (Britton et al., 2013). However the authors of these studies
generally attributed dropout to the scream US rather than the accu-
mulated experience of the face CSs, the scream US and the tone or air
blast to elicit FPS so this warrants further investigation (Britton et al.,
2013; Jovanovic et al., 2014; Shechner et al., 2015).

Another consideration is that stimuli used to elicit startle blinks are
likely to also affect SCRs. As seen in Table 4, variation also exists in
whether FPS was indexed by blink magnitude versus amplitude and
whether responses were assessed from either baseline to peak or foot
point to peak. Another notable variation is the measurement of SCR
whilst also measuring FPS, as the blink eliciting stimulus may interfere
with the SCR. Variation includes only presenting the startle stimulus on
half the trials and using the SCR results on the other half. Others have
measured the FPS on every trial and the SCR at the very start of the
interval response, just after CS onset. The meta-analysis by Lissek et al.,
2005 recommended FPS as a dependent measure because it has good
construct validity as a measure of fear and anxiety and also allows for
the measurement of anxious arousal during ITIs that is not possible with
SCR. Due to the limited number of studies using FPS in youth studies
but the potential importance of this measure, more research is required
to determine the most effective and tolerable experimental protocol
using established guidelines for measuring and scoring FPS (Blumenthal
et al., 2005).

4.3. Design: subjective report measures

4.3.1. Contingency awareness
Contingency awareness testing was included in 16 out of total 35
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studies reviewed. Of the 23 successful extinction studies, 12 studies
tested contingency awareness. Most studies did not report when con-
tingency awareness was assessed, 8 reported it was after conditioning,
and 2 reported it was after extinction.

Researchers have differed with respect to how to manage data from
participants who are unaware of the CS+/US contingency. Although
most researchers have included data from all participants including
those without awareness (for example; Waters et al., 2014; Craske et al.,
2008; Waters et al., 2009; Waters & Pine, 2016), on the basis that in-
clusion and exclusion of these participants did not alter results, one
study reported excluding data from participants without contingency
awareness (Schiele et al., 2016). This lack of difference may be due to a
lack of power because most studies find only a small number of parti-
cipants are unaware. To date, no studies have specifically examined
factors that differentiate aware and unaware participants. However,
Waters et al. (2017) found that participants who were less likely to
report contingency awareness were younger (mean age: 7.8 years old)
than those with awareness (mean age: 9.0 years old) and also, they may
be more anxious (Waters et al., 2009).

4.3.2. US expectancy
Only six out of the 35 studies used the US expectancy measure, (only

5 out of the 23 successful extinction studies), which is a notable
omission given findings from a recent study concluded that the US
expectancy measure, particularly online (trial-by-trial) was a valuable
and valid measurement for differential fear conditioning and extinction
studies (Boddez, Baeyens, Luyten, & Vansteenwegen, 2013). Yet, pro-
viding trial-by-trial US expectancies can increase demands on partici-
pants and it is not known whether the requirement for children to make
US expectancy ratings trial-by-trial differentially influences cognitive
load and engagement, and thus, differential conditioning and extinction
effects, relative to passive viewing of the CSs and obtaining between-
phase ratings (Neumann et al., 2008). However, three studies that
tested to extinction in this review used trial-by-trial US expectancy
judgements and all reported successful extinction results (Neumann,
Waters, & Westbury, 2008; Neumann et al., 2008; Waters et al., 2017).
However, in Waters et al. (2017), children required more trials than
adolescents and adults to establish differential conditioning and safety
learning regarding the CS- assessed trial-by-trial. It is unclear if this
reflects on cognitive load due to task demands of providing trial-by-trial
ratings or genuine developmental differences in the rate of differential
threat-safety learning. Of note, was that children reached similar levels
of differential conditioning as adults by the end of the conditioning
phase, so whether these differences in rate of learning play an im-
portant role in terms of differentially predicting fear and anxiety pro-
blems remains to be determined. Another notable difference between
the successful studies is the variety in the scale of measurement, with
only two studies using the same scale (see Table 4).

4.3.3. CS evaluations
Evaluations of the CSs were made in 22 of the 35 studies, of these 16

studies of the 23 successful extinction studies used CS evaluations, re-
sulting in 9 studies with successful extinction results for CS evaluations.
The variation amongst units and timing of measurement was wide-
ranging (with scales including the self-assessment mannequin), and the
most common being the use of Likert-type scales ranging from 5 to 11
points (9 being the most common). Fear, valence and arousal ratings of
the CSs were the most common CS dimensions assessed. Valence eva-
luations have been assessed more often than the other CS dimensions,
with negative valence of the CS + post-extinction strongly predicting
return of fear in adults (Zbozinek, Hermans, Prenoveau, Liao, & Craske,
2015). Of the nine studies that tested CS valence evaluations, seven
tested extinction. Waters et al. (2017) found that adolescents’ negative
CS + evaluations were more resistant to extinction and their positive
evaluations of the CS- were more likely to decline during extinction
relative to adults. This highlights the need to further investigate

developmental differences between children and adolescents in CS
evaluations and whether assessment method (i.e., trial by trial; between
phase) influences outcomes.

4.3.4. Subjective anxiety ratings
Three of the 35 studies reviewed (Waters et al., 2009, 2014; Waters

et al., 2017) reported assessing between phase subjective anxiety rat-
ings. Two studies found a main effect of phase due to significantly lower
anxiety ratings after extinction compared to before and after con-
ditioning (Waters et al., 2009; 2014). The final study (Waters et al.,
2017) also found that children and adolescent anxiety levels sig-
nificantly declined from post-acquisition to post-extinction. Very few
studies have included between phase anxiety ratings. However, given
that they are an analogue measure of changes in anxiety following
exposure therapy similar to subjective units of distress (SUDs) ratings, it
would be informative for future studies to include these measures and
to utilise a consistent range of responses such as an 11 point scale from
not at all anxious to very anxious, verbally assessed.

4.3.5. Use of three dependent measures
Six of the 35 studies reviewed used all three dependent measures of

SCR, FPS and SR to test differential fear conditioning and extinction
(Britton et al., 2013; Jovanovic et al., 2014; Liberman et al., 2006;
Neumann, Waters & Westbury, 2008; Shechner et al., 2015). Liberman
et al. (2006) observed successful extinction effects among children only
in SR (i.e., happiness, perceived control, fear and arousal) when tested
between phase with a pure tone US and a white noise as the blink
eliciting stimulus for FPS, occurring on every other trial, and SCR
measured on the alternative trials; there was no drop out from this
study. Shechner et al. (2015) only observed successful extinction among
adolescents in two measures (SCR and FPS) using both faces/scream
and shapes/tone CS/US combinations (Bell US) and the air blast as the
blink eliciting stimuli, delivered 5 s after the CS onset to allow mea-
surement of SCR in first 5 s of trial only; SR was tested between phase
but did not extinguish. This study also had 18% of healthy participants
dropout due to fear in both US type studies. Britton et al. (2013) suc-
cessfully demonstrated extinction in adolescents in all three measures
with the scream US and air blast as the blink eliciting stimulus, deliv-
ered every trial 5 s after CS onset; SCR was measured in the first 5 s of
the trial only; SR of fear was tested between phase. However, the study
had a dropout of 16% (46% when including the anxious adolescents),
suggesting that although effective, the combination of the aversive
scream US and the air blast blink eliciting stimulus was not well tol-
erated particularly amongst the anxious patients. Similarly, Jovanovic
et al. (2014) found successful differential fear conditioning and ex-
tinction in FPS and SCR and US Expectancy (by phase) in children in
which an air blast served as the US and white noise as the blink eliciting
stimulus, delivered 6 s after CS onset in every trial and SCR measured
from 3 to 6 s after CS onset. However, this study also had a relatively
high drop out of 17% when including non-anxious and anxious parti-
cipants. Neumann et al. (2008) reported successful extinction in ado-
lescents using all three dependent measures, SCR, FPS and US Ex-
pectancy (trial-by-trial) with the metal scraping on slate US and white
noise as the blink eliciting stimulus, delivered 7.5 s after CS onset on
half of the trials and SCR measured on the alternative trials. This study
reported no dropouts.

Interestingly, Neumann et al. (2008) and Liberman et al. (2006)
each used the approach of assessing FPS and SCR on half the trials. This
was to allow measurement of all intervals of the SCR on every second
trial without interference from the startle response. Jovanovic et al.
(2014), Britton et al. (2013) and Shechner et al. (2015) measured FPS
on every trial, 5–6s after CS onset (500ms–1000ms before US) and
measured SCR during the first few seconds, so as not to interfere with
the startle response. However, this approach prevents the assessment of
second and third interval SCRs, and with SCRs elicited in the first few
seconds, they are unlikely to return to baseline by the time the startle
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stimulus is delivered and this may affect the magnitudes of SCRs. No-
tably, all three of these studies had high dropout rates compared to no
dropouts in the Neumann et al. (2008) and Liberman et al. (2006)
studies, and although this is influenced by numerous factors, intoler-
ance of electrodes to measure both SCR and FPS and experiencing both
the aversive auditory US and startle stimulus may have been con-
tributing factors.

4.4. Unsuccessful extinction studies

In establishing recommendations for design and methodological
parameters and dependent measures derived from the literature, it is
also helpful to consider the parameters of studies that did not find
successful extinction. Only two studies that tested extinction were un-
successful in all dependent measures that were assessed (i.e., Lau et al.,
2008; Haddad et al., 2011) (see lower right hand table of Fig. 2). Both
studies used adolescent participants and used faces as the CS type. Lau
et al. (2008) used the female scream and fearful face as the US type at
75% CS-US reinforcement schedule, with the number of CS trials for
differential conditioning and extinction at 16 and 15 respectively. The
dependent measure was subjective reporting of fear ratings. Haddad
et al. (2011) used face CSs and negative comments as the US at 75% CS-
US reinforcement schedule, with the number of CS trials for differential
conditioning and extinction at 9 and 8 respectively. The dependent
measure was subjective ratings of the CS for scariness and pleasantness
plus they used an attentional bias dot probe task. As these studies as-
sessed SR dependent measures only, it is possible that inclusion of SCR
and FPS measures might of yielded significant effects as observed in
subsequent studies using the face CS and scream US combination
(Britton et al., 2013; Chauret et al., 2014; Den et al., 2015; McGuire
et al., 2016; Shechner et al., 2015; Tzschoppe et al., 2014). Also, in the
Lau et al. (2008) the likelihood of observing extinction of subjective
ratings may have been hampered by the large dropout of healthy and
anxious participants (n= 23/54; 42%). As no other studies have used
the face CS and negative comment US pairing in the Haddad et al.
(2011) study, it is difficult to draw firm conclusions. Nevertheless,
failure to observe extinction effects may have been due to the adoles-
cent sample, the limited number of dependent measures assessed and
sample retention problems.

4.5. Recommendations, unresolved issues and future directions

The present review highlights a number of key components of ex-
perimental paradigms and dependent measures that can be re-
commended for use in future research of differential fear conditioning
and extinction studies in youth. These components are discussed in-
dependently based only on the studies in this review. The re-
commendations presented may vary if different combinations of these
design components were utilised:

• Design – A differential fear conditioning and extinction paradigm is
reliable2

• CS-US combinations – Both shape CSs with tone USs and face CSs
with a scream US are effective, although risk of drop-out may need
to be considered for the latter. It is recommended that shape CSs and
the metal scrape on slate or alarm tone USs be used in studies in-
volving children and either shape CSs and the scrape/alarm tone
USs or face CSs and the scream US be used with adolescents

• Number of trials – Between 8 and 12 trials per CS is recommended to
observe successful differential conditioning and extinction, pre-
ferably the higher end of this range if participant fatigue and en-
gagement permit.

• Dependent measures – multiple measures are recommended in-
cluding trial-by-trial measures of US expectancy, CS evaluation, SCR
and FPS on alternative trials and between phase measures of CS
valence, CS arousal and subjective anxiety.

• SCR should be measured using multiple latency onset intervals.

• Additional measures - Contingency awareness and US intensity and
unpleasantness should be assessed after the conditioning phase.

The present study also highlights several key issues that remain
unresolved and require attention in future research.

1. Is the strength of differential conditioning and extinction different be-
tween shape CSs/tone USs vs face CSs/scream USs? As seen in the
results in Fig. 2, both combinations yielded successful differential
conditioning and extinction. However, it is unclear if they differ in
the strength of differential conditioning and extinction. Future stu-
dies comparing differential fear conditioning and extinction on
multiple measures as a function of shapes/tones vs faces/scream
would be useful.

2. What is the most effective US to use in child and adolescent studies? A
study comparing differential fear conditioning and extinction in
children and adolescents assigned to different US conditions (i.e.,
scream, pure tone, bells, scrape) would be useful. A prior study in
which an electric shock stimulus, loud tone, and metal fork scraping
on slate were compared in adults showed that the latter was as or
more effective than the former two stimuli (Neumann & Waters,
2006).

3. CS-US reinforcement schedule: CS-US reinforcement schedule ap-
peared not to vary systematically with studies finding successful
extinction (see Fig. 2). However, further studies should examine
whether the reinforcement schedule affects the rate of extinction
and susceptibility to return of fear, particularly in combination with
USs of differing intensity and aversiveness.

4. What is the most effective experimental paradigm for assessing all three
types of dependent measures? The use of an aversive auditory blink
eliciting stimulus and a mild auditory US such as pure tone may not
be effective in producing differential conditioning and thus the ex-
amination of extinction effects (Liberman et al., 2006). However, a
more aversive auditory US such as metal fork scraping on slate
combined with a more aversive white noise blink eliciting stimulus
may be suitable (Neumann et al., 2008). This combination has been
tested in adolescents but not children (Neumann et al., 2008) and
warrants examination. An aversive tactile air blast to the larynx is
also aversive and has been used as the blink eliciting stimulus in
several studies with the scream US and bell US only in adolescent
participants (Britton et al., 2013; Shechner et al., 2015). However,
in Jovanovic et al. (2014), they used air blast as the US with white
noise as the blink eliciting stimulus on children finding successful
extinction (in SCR, FPS and US expectancy) which highlights that air
blast may in and of itself be an aversive stimulus. Although the
delivery of one stimulus to the tactile modality and the other to the
auditory modality may have the benefit of assisting children in
discriminating between the stimuli and thus learning which sti-
mulus is associated with the CS+ (Block et al., 1970), the use of air
blast may be aversive for children and could affect retention. Two
stimuli presented to the auditory modality appears to be the most
effective solution. Further research is required that examines effects
and tolerability of the metal fork scraping on slate US with the white
noise blink eliciting stimulus with children and replicating the
Jovanovic et al. (2014) study with children to see if they can tolerate
the air blast US and the white noise blink eliciting stimulus in the
same procedure.

5. What is the most effective method for assessing CS evaluations and US
expectancies? Although obtaining multiple outcome measures is re-
commended, it remains unclear whether trial-by-trial compared to
between phase assessment of US expectancies and CS evaluations

2 Differential designs were the only designs reviewed in this paper due to no
single cue designs at this stage being published for youth studies in humans.
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differentially influences engagement and cognitive load during dif-
ferential conditioning and extinction phases, particularly when
combined with FPS as well as SCR measurement. As CS evaluations
and US expectancy ratings are reliable and valid SR measures
(Boddez et al., 2013) it will be important in future research to de-
termine whether trial-by-trial versus between phase SR assessments
impacts children's learning more so than adolescents and adults, and
the implications of the timing of these measurements for assessing
expectancies and evaluations during exposure therapy. As it would
seem that multiple measures provides the greatest opportunity to
elucidate differences in differential fear conditioning and extinction,
the assessment of US expectancies, CS evaluations trial-by-trial and
between phase is recommended. It is additionally recommended
that all SR measures be assessed using a rating scale with the same
range of response options to permit comparisons of outcomes across
studies. Based on studies to date, this may include 1–9 ratings of CS
valence and arousal using the SAM (Bradley & Lang, 1994) and 0–10
ratings of subjective anxiety assessed between phase and −5 to +5
on the keyboard for trial-by-trial US expectancy and CS evaluations
(as many researchers may not have access to a dial and pointer
device).

6. Which measures should be considered primary and secondary outcome
measures? As observed in this review, most experiments observed
extinction effects on at least one dependent measure but not on
another. Drawing from the efficacy literature on treatment outcomes
following exposure therapy (the clinical application of extinction) in
which multiple outcome measures are also assessed, primary out-
comes are often defined as clinician-rated, diagnostic measures and
patient and parent symptom measures are treated as secondary
measures (e.g., Spence et al., 2011). It may be informative for
guiding future studies for researchers in the field to determine and
define extinction based on primary and secondary outcome mea-
sures. Future studies that draw from both theoretical and empirical
literatures on extinction outcomes are required to identify and test
candidate primary and secondary outcome measures.

4.6. Limitations

The current review needs to be considered in relation to its limita-
tions, such as the potential file drawer effect, i.e., there may be more
research available that has not been published. Furthermore, re-
searchers should consider that the individual variables considered in
this review (e.g., CS type; number of trials) might interact in simple or
complex ways and influence the extent of differential conditioning and
extinction observed in a given study. For example, some CS-US com-
binations more so than others may require fewer pairings to achieve
conditioning and more trials to achieve extinction, and these task
parameters might produce different outcomes depending on the age of
the participants. Recommendations cannot be provided about these
interactions given that they have not been examined at the time of this
review. However, this will be important to examine in future research.

We noted that the two unsuccessful extinction studies both included
adolescents. We also noted that both of these studies included a limited
range of dependent measures from which to observe extinction effects.
It is noteworthy that a further 10 studies were not included in this re-
view because they did not report extinction results. In some cases, it
was stated in the manuscript that this was because differential fear
conditioning was the only part of a differential fear conditioning and
extinction experiment that was conducted (e.g., Glenn et al., 2012).
However, in others, it was unclear whether extinction was conducted
and findings were not reported or extinction was not assessed (e.g., Lau
et al., 2011). Thus, although the present review was able to make some
recommendations based on successful extinction studies, it was far
more limited in being able to examine the features of studies that did
not find successful extinction.

In this review “reliability” has been assessed across studies (i.e.,

how many studies observed reliable differential conditioning or ex-
tinction effects with certain procedures or measures). Other measures of
reliability are also needed such as test-retest reliability with the same
participants and procedures. It can be difficult to compare specific
procedures or measures in terms of reliability and validity because the
studies being compared often differ in other ways. This can confound
conclusions regarding the more appropriate methods to use. This points
to the need for more systematic investigations in which studies differ by
only one methodological feature.

Finally, we developed a novel quality assessment instrument based
on prior quality assessment protocols utilised in Effective Public Health
Practice Project (EPHPP) (Thomas et al., 2004) to define and classify
components of differential fear conditioning and extinction experi-
ments with youth (see Supplementary file DFCE-QAI). Although pre-
liminary and in need of further application and replication in reviews of
other studies (e.g., adult studies and clinical populations), the reverse
translation of standardised assessment and evaluation methodology
used in clinical science research to experimental psychopathology re-
search could assist with addressing problems concerning the reprodu-
cibility of findings and advancing the translation of experimental re-
search on extinction into clinical science research and practice (see
Craske, Hermans, & Vervliet, 2018; Tackett et al., 2017; Waters, Le
Beau, & Craske, 2017).

5. Conclusion

This systematic review of differential fear conditioning and extinc-
tion studies in youth revealed several key features of the experimental
designs and dependent measures of studies finding successful extinction
results. The review identified that studies using differential con-
ditioning and extinction paradigms with geometric shape CSs paired
with an auditory US produced reliable extinction effects while main-
taining good sample retention. The most common dependent measures
were SCR and subjective ratings of CS fearfulness, valence and arousal.
However, FPS is an effective but less commonly used dependent mea-
sure. Although further research is required to clarify various aspects of
differential fear conditioning and extinction studies, it is recommended
based on evidence at the time of this review that studies with children
use shape CSs and an ecological tone USs such as the metal scrape on
slate or the alarm bells; and studies with adolescents use either shape
CSs and tone USs or face CSs with the scream US. Additionally, studies
with both age groups should use 8 or more trials per CS in each phase
and include (a) between phase CS valence and arousal ratings as well as
subjective anxiety ratings and (b) trial-by-trial US expectancy ratings,
CS evaluations, SCR and FPS, using a white noise startle eliciting sti-
mulus on half the trials for each CS and assessing SCR from the non-
startle trials. These recommendations have been formulated by ap-
plying rigorous qualitative assessment methods to the available studies
at the time of this review. They are intended to inform the design and
methods utilised in future research which in turn, may lead to further
refinement of these recommendations over time.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.brat.2018.11.009.
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