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ARTICLE INFO ABSTRACT

Keywords: Two experiments examined whether extinction of a generalization stimulus (GS) after single cue fear con-
Fear conditioning ditioning would in turn generalize to other stimuli, relative to a control group that received regular extinction of
Ger}era?ization CS + itself. We found only a weak effect of such “generalization of GS extinction” either back to CS + or to a
Extinction different GS, on either US expectancy or skin conductance measures. In other words, despite extinction trials
;Egi;?ix;ty with a stimulus highly similar to CS+, participants showed a return of fear when tested with CS + or a novel GS.

However this responding declined rapidly over non-reinforced test trials. Trait anxious participants showed
higher overall US expectancy ratings in the extinction and test phases, and slower extinction of expectancy,
relative to low anxious participants. These results may help explain why exposure therapy, which is unlikely to
reproduce the exact stimuli present at acquisition, sometimes fails to transfer to other fear-eliciting stimuli
subsequently encountered by anxious clients. The generalization of GS extinction paradigm might provide a
useful testbed for evaluation of interventions designed to enhance transfer, such as exposure to multiple diverse

exemplars.

1. Introduction

Fear extinction refers to a procedure in which a conditioned sti-
mulus (CS+) that previously predicted an aversive unconditioned sti-
mulus (US) no longer does so. As a result, conditioned fear to the
CS + gradually decreases across the no-US extinction trials. Although it
is intuitive to hypothesize that conditioned fear is unlearnt during ex-
tinction, empirical evidence has suggested that the original CS-US as-
sociation remains intact. For example, after successful extinction, a
return of conditioned fear can be triggered by a change of context (i.e.,
contextual renewal; Alvarez, Johnson, & Grillon, 2007; Vansteenwegen
et al., 2007), the presentation of the US alone (i.e., reinstatement;
Genheimer, Andreatta, Asan, & Pauli, 2017; Hermans et al., 2005), or
even by the mere passage of time (i.e., spontaneous recovery; Pavlov,
1927; Huff, Hernandez, Blanding, & LaBar, 2009). Collectively, evi-
dence like this suggests that extinction involves the formation of a new
CS-no US association (Bouton, 2002). This newly formed inhibitory
association competes with the original CS-US association when the
extinguished CS+ is presented. Conditioned fear returns when the in-
hibitory extinction memory fails to compete for expression.

The fear extinction procedure has been proposed to be a valid la-
boratory model for exposure-based treatments for fear and anxiety
disorders (Scheveneels, Boddez, Vervliet, & Hermans, 2016). It has been
widely used to study the association between clinical anxiety and

extinction learning, to further our understanding of the process un-
derlying extinction in anxiety and improve the effectiveness of ex-
posure-based therapies. Empirical studies have been carried out to ex-
amine how clinically anxious patients differ from controls in fear
extinction. After differential conditioning to a threat cue (CS+) and a
safety cue (CS-), anxious patients have been found to show resistance to
fear extinction in both physiological responses (Blechert, Michael,
Vriends, Margraf, & Wilhelm, 2007; Hermann, Ziegler, Birbaumer, &
Flor, 2002; Orr et al., 2000; Peri, Ben-Shakhar, Orr, & Shalev, 2000)
and self-reported valance ratings (Blechert et al., 2007; Michael,
Blechert, Vriends, Margraf, & Wilhelm, 2007). These studies suggest
that anxious patients may have a deficit in inhibitory learning (Davis,
Falls, & Gewirtz, 2000).

More recently, research has also examined how trait anxious par-
ticipants differ from controls in fear extinction. Trait anxiety is a stable
personality characteristic that is widely accepted as a vulnerability
factor for the development of anxiety disorders (Chambers, Power, &
Durham, 2004; Gershuny & Sher, 1998; Jorm et al., 2000). One ad-
vantage of examining trait anxious samples is that they are generally
free from diagnostic comorbidity, which is commonly seen in clinical
samples. Indeed, many longitudinal studies have shown that trait an-
xiety predicts the future onset of anxiety disorders in individuals with
no diagnosis at the time trait anxiety is assessed (e.g., Brown, 2007;
Clark, Watson, & Mineka, 1994; La Greca, Silverman, & Wasserstein,
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1998; Weems et al., 2007). Furthermore, using trait anxious samples
addresses the question of whether impaired extinction learning is a
consequence of anxiety disorder or a vulnerability marker for devel-
oping anxiety disorders. Similar to the clinical findings, trait anxious
individuals show significantly slower extinction learning in skin con-
ductance responses (Gazendam, Kamphuis, & Kindt, 2013) and US ex-
pectancy ratings (Dibbets, van den Broek, & Evers, 2015). Individuals
high in intolerance of uncertainty (IU), which is also considered a
vulnerability factor for developing anxiety disorders (Boelen &
Reijntjes, 2009; Dugas, Gagnon, Ladouceur, & Freeston, 1998; Fetzner,
Horswill, Boelen, & Carleton, 2013), show a similar pattern in extinc-
tion learning (Morriss, Christakou, & van Reekum, 2016).

Traditionally, fear extinction studies involve non-reinforced pre-
sentations of the originally trained CS+. In exposure-based therapies,
however, it is very unlikely that the exact circumstances and stimuli of
acquisition can be reproduced. For example, it is highly unlikely that a
therapist could present the original perpetrator to a rape victim in ex-
posure-based therapy. Technically speaking, therefore, the stimuli
presented to a client during exposure therapy are generalization stimuli
(GSs) that are perceptually or conceptually related to the original threat
cue. In light of this issue, a small number of laboratory studies have
investigated how effectively extinction learning to a GS generalizes
back to the CS+. To distinguish this effect from generalization of
CS + extinction (where a GS is tested after CS + extinction), we will
refer to it as “generalization of GS extinction”.

An example of the use of this design is the study reported by
Vervliet, Vansteenwegen, Baeyens, Hermans, and Eelen (2005), who
trained participants to respond differentially to a CS+ (e.g., a triangle)
and a CS- (e.g., a parallelogram). In the following extinction phase, one
group of participants was presented with a stimulus perceptually si-
milar to CS+ (i.e., GS+; a perceptually different triangle) and a sti-
mulus perceptually similar to CS- (i.e., GS-; a perceptually different
parallelogram), while another group of participants was presented with
the original CSs. In the subsequent test phase, participants’ responding
to the original CSs was assessed. The group that received CSs in ex-
tinction showed non-differential conditioned skin conductance re-
sponses and retrospective expectancy ratings to the CSs at the end of
extinction, which continued in test. By contrast, the group that received
GSs in extinction showed significant differential responding to the CSs
in test on both measures. These results suggest that extinction with GSs
is less effective than standard fear extinction in terms of inhibiting
conditioned fear to the CS+. Subsequent studies have also found
heightened responding to CS+ in test after GS extinction, supporting
the notion that presenting a GS in extinction does not effectively gen-
eralize to the original CS+ (e.g., Barry, Griffth, Vervliet & Hermans,
2016a; Vervliet & Geens, 2014; Zbozinek & Craske, 2018).

In contrast, extinction learning to the CS + itself has been found to
be effective in reducing responding to a novel GS. Vervliet,
Vansteenwegen, and Eelen (2004) presented a novel GS in test after
standard extinction with the CS+. Participants showed a low level of
fear responding to the GS in test, indicating that extinction learning to a
CS + effectively generalizes to similar novel stimuli. Similar findings
have been reported by subsequent studies (Barry et al., 2016a; Barry,
Vervliet, & Hermans, 2016b; Vervoort, Vervliet, Bennett, & Baeyens,
2014). In summary, previous results suggest that extinction of the
CS + generalizes to a GS, whereas extinction of a GS does not gen-
eralize strongly to the CS+. In other words, generalization of CS + ex-
tinction is stronger than generalization of GS extinction.

According to many associative accounts, every stimulus can be
thought to consist of numerous hypothetical perceptual elements (e.g.,
Blough, 1975; McLaren & Mackintosh, 2002). The more physically si-
milar the stimuli are to one another, the more common elements they
share. This means that a GS similar to the CS + would share a con-
siderable number of elements with CS+, and these common elements
would gain inhibitory strength when the GS is presented without the US
in extinction. However, the remaining elements of CS + that are not
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shared with the GS would retain their excitatory strength. Therefore,
non-reinforced presentation of the GS fails to extinguish responding to
CS + completely because of these unextinguished elements uniquely
possessed by the CS+. Theoretically, increasing the perceptual simi-
larity between CS+ and GS would result in more shared elements be-
tween the two stimuli. Therefore, more common elements lose their
excitatory strength during extinction, leaving fewer elements in the
CS + that retain excitatory strength, resulting in a stronger general-
ization of GS extinction effect.

A causal judgment study by Vervliet, Vansteenwegen, and Eelen
(2006) provides some supportive evidence for the above prediction.
After acquiring differential conditioned responses to CS+ and CS-, one
group of participants received standard CS + extinction, while the
other four groups received a GS in extinction. The perceptual similarity
between CS+ and GS was manipulated across these four groups. In the
final test phase, all groups were presented with the CSs. Participants
who received a GS most similar to CS+ in extinction showed similar
expectancy ratings to the group that received the CS+ in extinction,
while the other 3 groups showed significantly higher expectancies to
the stimuli in test. The results suggest that using a GS highly similar to
CS+ is able to produce a strong generalization of GS extinction effect.

Given the suggestive evidence by Vervliet et al. (2006), general-
ization of extinction with a GS highly similar to CS + warrants further
investigation in a fear learning paradigm. We used stimuli on a blue-
green color dimension that were highly similar to each other, but which
we knew from previous research were discriminable (Lee, Hayes, &
Lovibond, 2018). We conducted two experiments to investigate whe-
ther generalization of GS extinction could be demonstrated in fear
conditioning using these highly similar stimuli. Additionally, we sought
to examine the effect of trait anxiety on the generalization of GS ex-
tinction effect. We hypothesised that trait anxious participants would
show a bias towards greater threat appraisal in the test phase (less
generalization of GS extinction), due to the ambiguous threat level of
test stimuli (Beckers, Krypotos, Boddez, Effting, & Kindt, 2013; Lissek,
Pine, & Grillon, 2006; Wong & Lovibond, 2018; Wong & Lovibond,
under review). Furthermore, we predicted that trait anxious partici-
pants would show resistance to fear extinction (Dibbets et al., 2015;
Gazendam et al., 2013).

2. Experiment 1

This experiment examined whether extinction learning to a GS can
effectively generalize to the original CS+. It followed Vansteenwegen
et al.’s (2007) study in comparing ABA and AAA conditions. Although
this terminology is usually used in context renewal studies where dif-
ferent letters stand for different contexts (Bouton & Bolles, 1979;
Bouton & King, 1983), the context remained constant in the current
experiment. Instead, each letter represented a stimulus, where A stood
for CS+ and B stood for the GS. This means that both conditions were
presented with the CS+ during acquisition and in test, but the ABA
condition received a GS during extinction while the AAA control con-
dition received standard extinction with the CS+. Unlike previous
studies (e.g., Vervliet et al., 2005, 2006; Vervliet & Geens, 2014; Barry
et al., 2016a; Zbozinek & Craske, 2018), the current experiment used a
single-cue conditioning procedure instead of a differential conditioning
procedure, for two reasons. First, if a perceptually similar CS- was in-
cluded, a reduction in conditioned fear to CS+ in test could be at-
tributed to the inhibitory strength of the shared elements between CS +
and CS-, or to the extinguished excitatory elements shared between the
GS and CS+, or a combination of both. It is difficult to unravel these
effects contributing to the reduction of conditioned fear to the CS+.
Therefore, a CS- was not included in order to solely focus on the effect
of extinction learning to GS on the conditioned fear to CS +. Secondly,
the presence of a CS- may increase the opportunity for rule formation,
potentially decreasing the ambiguity of the experimental configuration
(see Lee et al., 2018; Wong & Lovibond, 2017) and reducing the
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opportunity to observe an effect of trait anxiety.
3. Method
3.1. Participants

Undergraduate students were recruited as participants who received
either course credit or AUD $10 for participation. Non-color blind
participants were pre-screened by the DASS-21 (Lovibond & Lovibond,
1995a; 1995b), a short version of the original DASS (Depression An-
xiety Stress Scales), designed to measure three constructs: depression,
anxiety and stress/tension. Both the DASS and the DASS-21 have been
shown to have good psychometric properties (Antony, Bieling, Cox,
Enns, & Swinson, 1998; Brown, Chorpita, Korotitsch, & Barlow, 1997;
Henry & Crawford, 2005; Lovibond, 1998). Participants with a DASS
anxiety score of 14 or above were assigned to the high anxious (HA)
group, while those with a DASS anxiety score of 4 or below were as-
signed to the low anxious (LA) group. Participants were re-administered
the DASS-21 at the time of testing, and only those whose DASS anxiety
scores remained consistent with the recruitment criteria were included.
Thirty participants were recruited in each group (across anxiety and
conditions), resulting in a total of 120 participants. Twenty participants
were excluded (see Results). The final sample comprised 100 partici-
pants (74 females) with a mean age of 19.5 (SD = 2.6).

3.2. Apparatus and materials

Participants were tested individually in an experimental room. A
64-cm computer monitor was used to present the experimental in-
structions and stimuli. A computer controlled ADInstruments equip-
ment to record the skin conductance data via GRASS® silver disc elec-
trodes at a sampling rate of 1000 Hz throughout the experiment. Skin
conductance was measured in microsiemens (uS). Another computer
equipped with Matlab software (with Psychophysics Toolbox exten-
sions; Brainard, 1997; The MathWorks Inc., 2014) was located outside
the experimental room, and generated the experimental instructions
and stimuli, and recorded the expectancy ratings.

Two circle stimuli with a radius of 5.75 cm (A and B) were used in
the current experiment (Fig. 1). Both stimuli lay on a blue-green di-
mension, varying in their hue. Stimulus A was an aqua color circle with
a hue of 0.479 (hue saturation value model), and stimulus B was a
slightly greener circle with a hue of 0.446. The saturation and bright-
ness for both stimuli were held constant at 1 and 0.75 respectively.
Stimulus A served as the CS+ and stimulus B served as the GS. Note
that the colors for CS+ and CS- were not counterbalanced, since the
stimulus dimension has produced symmetrical generalization gradients
in our previous work (see Lee et al., 2018; Wong & Lovibond, 2017). All
stimuli were presented in the centre of a grey background (RGB
value = [200 200 200]) on the computer screen.

Skin conductance electrodes filled with isotonic gel were attached to
the distal and proximal segments of the third finger of participants’ non-
dominant hand. The electrical US was a 0.5-s sinusoidal pulse electric
stimulation (80 Hz) delivered through two stainless steel electrodes
attached to the distal and middle segments of the index finger of the
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Table 1

Design of experiment 1.
Condition Acquisition Extinction Test
ABA A+ (6) B- (8) A-(3)
AAA A-(2) A- (8)

Note. + indicates electrical US presentation; - indicates electrical US omission;
numbers in brackets indicate the number of trials of that type in each phase.

same hand. A semi-circular dial with a rotary pointer was attached to
the table in front of the participants. The dial ranged from 0% (labelled
Certain NO SHOCK) to 100% (labelled Certain SHOCK).

3.3. Procedure

After the electrical US electrodes were attached, participants were
led through a work-up procedure in which they selected a level of US
intensity that was ‘definitely uncomfortable but not painful’. Skin
conductance electrodes were then attached and participants were taken
into the experimental room. As shown in Table 1, the experiment
consisted of an acquisition phase, followed by an extinction phase and a
test phase. Before the experiment started, headphones were placed on
participants. White noise was presented continuously throughout the
experiment for noise cancellation.

Acquisition. Participants were informed that some circles would be
presented on the screen, which may or may not be followed by an
electrical US. They were asked to learn the relationship between the
circles and electrical US. Participants were then instructed to use the
expectancy dial to indicate their expectancy of electrical US whenever a
circle appeared.

Both ABA and AAA conditions received 8 trials of stimulus A pre-
sentations, in which 6 trials were reinforced (i.e., 75% reinforcement).
Stimulus A was not fully reinforced for two reasons. First, extinction
learning in humans occurs rapidly. Partial reinforcement of A+ slows
down extinction (Mackintosh, 1974) and allows room to examine the
effect of trait anxiety on fear extinction. Second, partial reinforcement
is thought to increase the ambiguity of the experimental task, again
increasing the opportunity to observe any trait anxiety effects (Beckers
et al., 2013; Lissek et al., 2006). The presentation order was pseudo-
randomized, so that the first and last trials were always reinforced, and
non-reinforced A trials did not occur twice in a row. The trial structure
consisted of a 10-s baseline period, a 10-s stimulus presentation, and an
ITI period that varied between 10 and 21s. Electrical US, if presented,
was delivered in the last 0.5-s of A+ trials and co-terminated with the
stimulus.

Extinction. In this phase, participants in the AAA condition received
8 trials of A- presentations, while those in the ABA condition received 8
trials of B- presentations. All stimulus presentations in this stage were
non-reinforced. The trial structure was identical to acquisition, with the
exception that no electrical US was delivered at all.

Test. Participants in both the ABA and AAA conditions received 3
trials of A- presentations. This phase was to assess how extinction of the
training stimulus (AAA) and extinction with a novel stimulus (ABA)

Fig. 1. Stimuli used in the two experiments. In
Experiment 1, stimulus A served as CS + for both
the AAA and ABA conditions. Stimulus B served as
the GS presented in extinction in the ABA condi-
tion. In Experiment 2 the same stimuli were used
in acquisition and extinction, but stimulus C
served as the novel GS presented in test in both
the AAC and ABC conditions. (For interpretation
of the references to color in this figure legend, the
reader is referred to the Web version of this ar-

C ticle.)
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would affect fear responding to A. The trial structure was identical to
the previous extinction phase.

When the conditioning task was finished, participants were asked to
fill in a questionnaire. They were asked how many different colors were
presented in the task, and were asked to name or describe the colors
they saw. Given that the stimuli used in the current experiment were
highly similar, this questionnaire served as a vital check for whether
participants in the ABA condition were able to distinguish between
stimuli A and B, or if participants in the AAA condition had a mis-
perception that more than one color was presented. For instance, if a
participant in the ABA condition failed to distinguish between stimuli A
and B, any effect on responding to A in test could be attributed to
standard extinction (an AAA effect) rather than a genuine effect of
generalization of GS extinction (an ABA effect).

3.4. Scoring and analysis

A low-pass digital filter was applied to cut off any skin conductance
activity higher than 50 Hz, in order to avoid aliasing. The raw skin
conductance data were then log transformed to minimise individual
differences. Skin conductance scores for each trial were calculated as
the difference between the log of mean skin conductance level (SCL)
during the 10-s stimulus presentation and log mean SCL during the 10-s
baseline period for that trial.

Planned contrasts were used to compare the two group factors —
Conditions (AAA vs ABA) and Anxiety (HA vs LA) — across acquisition,
extinction and test. Data from all three phases were analysed with a
linear trend repeated measures contrast. Interactions between all group
and repeated measures contrasts were tested to evaluate group differ-
ences in linear trend in each phase. Three additional contrasts were
included to assess cross-phase effects. We were primarily interested in
the interactions between these contrasts and conditions, which allowed
us to compare the magnitude of cross-phase effects in the two condi-
tions. Comparison between the last acquisition trial and the first ex-
tinction trial tested the impact of changing from the CS + to the GS in
the ABA condition, relative to the AAA condition. Comparison between
the last extinction trial and the first test trial tested the impact of
shifting from the GS back to the CS+ in the ABA condition, relative to
the AAA condition. Finally, comparison of the last acquisition trial and
the first test trial tested the impact of having extinguished a GS in the
ABA condition, relative to standard extinction in the AAA condition.
Interactions with Anxiety were also tested in these cross-phase analyses
(see Table 2 for a summary of the primary comparisons of interest).
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4. Results

Only participants who satisfied the acquisition criterion, that is,
expectancy ratings to A+ more than 50 averaged over the last 4 ac-
quisition trials, were included in statistical analyses. Six participants
were excluded based on this criterion. Additionally, 8 participants in
the ABA condition were excluded because they either reported there
was only one color or more than two colors presented throughout the
experiment. Five participants in the AAA condition reported seeing
more than one color in the experiment, and hence were excluded.
Furthermore, 1 participant in the AAA condition was excluded due to
not giving expectancy ratings for more than 2 trials in the extinction
and test phases. Altogether, 20 participants were excluded, leaving 100
participants in the final sample.

4.1. Demographic data

The mean DASS anxiety scores were 14.8 and 3.8 for the HA and LA
groups respectively. There were no significant differences in sex dis-
tribution between groups or conditions (highest x2 [2] = 1.9,
p = 0.17), nor any differences in age between groups or conditions
(highest F = 2.2, p = 0.14). More importantly, the mean US intensities
for both groups were 2.5, indicating no anxiety difference in the tol-
erance of electrical US, F(1,98) = 0.001, p = 0.98, ’]p2 < 0.01.

4.2. Acquisition

Fig. 2A shows the mean US expectancy ratings during acquisition.
Expectancy ratings to A+ increased rapidly, dropped slightly, and then
levelled off for the remaining acquisition trials with asymptotic ratings
at approximately the reinforcement rate of 75%. The increase followed
by drop-off in expectancy ratings may have been due to the fact that the
first CS + trial was always reinforced. Acquisition was supported by a
significant main effect of linear trend across trials, F(1,96) = 53.4,
p < 0.01, ,> = 0.36. No main effect involving anxiety or condition
(ABA vs AAA) was significant, nor the interaction between anxiety and
condition (highest F = 0.4, p = 0.53, ,° < 0.01). Unexpectedly,
participants in the ABA condition showed a slightly steeper decrease in
expectancy ratings to CS + after reaching peak than those in the AAA
condition. This resulted in a relatively steeper linear trend in the AAA
condition, confirmed by a significant interaction between condition and
linear trend, F(1,96) = 6.1, p = 0.02, ”PZ = 0.06. This effect further
interacted with anxiety, where the drop-off in expectancy ratings in the
ABA conditions was more pronounced in the HA group, while LA par-
ticipants showed similar acquisition trends in both conditions, F
(1,96) = 11.9,p < 0.01, ’7p2 = 0.11. However, it was impossible for

Table 2
The comparisons of interests in Experiment 1.
Phases Contrasts Interpretations
Acquisition/Extinction/Test Anxiety Comparison of HA vs LA groups averaged across conditions and trials in each phase
Condition Comparison of AAA vs ABA averaged across anxiety groups and trials in each phase

Linear trend

Condition*Linear
Anxiety*Linear
Anxiety*Condition*Linear
Cross-phase comparisons
Last Acquisition trial and first Extinction trial
(ACQVEXT)

Condition*ACQVEXT

Anxiety*Condition* ACQVEXT
Last Extinction trial and first Test trial Condition*EXTVTEST
(EXTVTEST)
Anxiety*Condition* EXTVTEST
Last Acquisition trial and first Test trial Condition*ACQVTEST
(ACQVTEST)

Anxiety*Condition* ACQVTEST

Within group contrast to assess any linear increases or decreases across trials in each phase
(e.g., acquisition, extinction)

The effect of condition on acquisition or extinction in each phase

The effect of anxiety on acquisition or extinction in each phase

The effect of condition on acquisition or extinction modulated by anxiety in each phase

The impact of changing from the CS + to the GS in the ABA condition relative to the AAA
condition (i.e., generalization decrement)

The effect of anxiety on generalization decrement

The impact of stimulus type in extinction (CS or GS) on responding to the test stimulus (i.e.,
return of fear)

The effect of trait anxiety on return of fear

The impact of stimulus type in extinction (CS or GS) on responding to the test stimulus (i.e.,
generalization of GS extinction)

The effect of trait anxiety on generalization of GS extinction
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Fig. 2. Mean US expectancy ratings (Top panel) and skin conductance level (SCL; Bottom panel) across acquisition, extinction and test trials in Experiment 1. HA =

High Anxious; LA = Low Anxious; ABA = ABA condition; AAA = AAA condition.

condition to affect acquisition to the training stimulus systematically
since the acquisition phases in both conditions were identical. There-
fore, this interaction appears to be a Type I error. Trait anxiety per se
had no effect on fear learning across the Acquisition phase, F
(1,96) = 0.0001, p = 0.99, 1,2 < 0.01.

Fig. 2B shows the mean change in log SCL during acquisition. Across
anxiety groups and conditions, participants showed a steady decrease in
skin conductance responding to CS+, confirmed by a significant main
effect of linear trend across trials, F(1,96) = 18.0, p < 0.01,
ny> = 0.17. The skin conductance data did not directly align with the
expectancy data, as the level of responding to CS + decreased across
trials. This pattern is common in skin conductance studies, and is
generally attributed to habituation to the CS and US across trials. Ha-
bituation is often controlled for by inclusion of a non-reinforced sti-
mulus (differential conditioning design), but as mentioned earlier this
design was not appropriate for the present experiment. No effects of
anxiety and condition, nor the interactions involving these factors, were
found to significantly affect skin conductance during acquisition
(highest F = 1.9, p = 0.17, n,° < 0.01).

4.3. Extinction

All groups showed a decrease in their mean expectancy ratings to
the extinction stimulus (Fig. 2A), supported by a significant main effect
of linear trend, F(1,96) = 184.2,p < 0.01, 7,°> = 0.66. HA participants
had higher expectancy ratings to the extinction stimulus than LA par-
ticipants averaged across conditions and trials, resulting in a significant
main effect of anxiety, F(1,96) = 10.1,p < 0.01, npz = 0.10. Averaged
across anxiety groups and trials, participants in the AAA condition had
higher expectancy ratings than participants in the ABA condition,
confirmed by a significant main effect of condition, F(1,96) = 27.9,
p < 0.01, 7, = 0.23. The interaction between anxiety and condition
did not reach significance, F(1,96) = 1.5, p = 0.22, npz = 0.01.
Averaged over conditions, HA participants showed less decrease in US
expectancies across trials than their LA counterparts, confirmed by a
significant interaction between anxiety and linear trend, F(1,96) = 5.3,
p = 0.02, 7,°> = 0.05. This suggests that HA participants showed slower
overall extinction than their LA counterparts. Condition itself had no
reliable effect on the rate of extinction, F(1,96) = 1.0, p = 0.32,
ny> = 0.01. The effect of anxiety on linear trend was somewhat more
pronounced in the AAA condition than in the ABA condition. That is,
the effect of trait anxiety on fear extinction was mostly driven by the



A.H.K. Wong and P.F. Lovibond

AAA condition, whereas the linear trends for the HA and LA groups in
the ABA condition were similar. However, this three-way interaction
did not reach significance, F(1,96) = 3.5, p = 0.06, npz = 0.04.

Unlike the expectancy measure, the skin conductance data dis-
played an irregular pattern (Fig. 2B), showing no reliable extinction
effect across anxiety groups and conditions, F(1,96) = 1.4, p = 0.24,
> < 0.01. No main effects regarding anxiety or conditions, nor any
interactions involving linear trend, were significant (highest F = 2.6,
p = 0.11, 5, = 0.01).

4.4. Test

Averaged across anxiety groups and conditions, participants showed
a decrease in expectancy ratings to the CS + across the 3 test trials
(Fig. 2A), confirmed by a significant main effect for linear trend, F
(1,96) = 52.4,p < 0.01, 5,°> = 0.35. Averaged across anxiety groups
and test trials, the ABA condition showed higher expectancy ratings to
the test stimulus than those in the AAA condition, confirmed by a sig-
nificant main effect of condition, F(1,96) = 6.8, p = 0.01, '7p2 = 0.07.
HA participants showed higher expectancy ratings to the test stimulus
than LA participants averaged across conditions and trials, supported
by a significant main effect of anxiety, F(1,96) = 13.5, p < 0.01,
;11,2 = 0.12. The ABA condition showed a significantly faster decrease in
expectancy ratings across the test trials than the AAA condition, re-
sulting in a significant interaction between condition and linear trend, F
(1,96) = 11.4,p < 0.01, ’7p2 = 0.11. That is, participants who had
been presented with a GS in extinction showed a faster decline in re-
sponding to the CS+ in test. No other interactions reached significance
(highest F = 0.7, p = 0.40, n,> < 0.01).

Similar to the expectancy measure, participants showed an overall
decrease in skin conductance responding to the test stimulus across test
trials averaged over anxiety groups and conditions (Fig. 2B), confirmed
by a significant linear trend over the test trials, F(1,96) = 5.3,p = 0.02,
ny> = 0.06. Averaged across anxiety groups, the ABA condition had
higher fear responding to the test stimulus than the AAA condition, but
this effect did not reach significance, F(1,96) = 3.8, p = 0.054,
ny° = 0.05. No main effect of anxiety on responding in test was ob-
served, F(1,96) = 0.25,p = 0.6, ;11,2 < 0.01. Similar to the expectancy
measure, the ABA condition showed a more rapid decrease in re-
sponding across the test trials than those in the AAA condition, resulting
in a significant interaction between condition and linear trend, F
(1,96) = 13.7,p < 0.01, qu = 0.12. No other interactions reached
significance (highest F = 0.4, p = 0.53, 5,° < 0.01).

4.5. Comparison between phases

Last acquisition trial vs first extinction trial. The ABA condition
showed a substantial decrease in expectancy ratings in the first ex-
tinction trial relative to the last acquisition trial, while the AAA con-
dition showed a continuity in responding between acquisition and ex-
tinction, confirmed by a significant interaction between condition and
trial, F(1,96) = 5.0,p = 0.03, npz = 0.05. This decrease in expectancy
ratings in the ABA condition suggests a generalization decrement from
stimulus A (CS+) to B (GS). Trait anxiety did not have any reliable
effect on the generalization decrement from A to B, F(1,96) = 1.9,
p = 0.2 npz = 0.02. On the skin conductance measure, participants in
the ABA condition did not show a reliable generalization decrement
relative to the AAA condition, F(1,96) = 0.5, p = 0.5, npz < 0.01. HA
participants showed a slight increase in skin conductance responding
from acquisition to extinction in the ABA condition, while LA partici-
pants showed no observable differences in responding between these
two trials in the same condition. Conversely, whereas HA participants
in the AAA condition showed a decrease in responding from acquisition
to extinction, LA participants showed an opposite pattern in the same
condition. This led to a significant 3-way interaction involving anxiety
groups, conditions and the comparison between acquisition and
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extinction, F(1,96) = 4.2, p = 0.04, n,° = 0.06.

Last extinction trial vs first test trial. The ABA condition showed a
large increase in expectancy ratings from extinction to test, while the
AAA condition showed similar expectancy ratings to the stimuli in the
transition from extinction to test. This pattern resulted in a significant
interaction between condition and the comparison between the last
extinction and first test trials, F(1,96) = 35.5,p < 0.01, npz = 0.27.In
other words, participants who received standard extinction in the AAA
condition continued to show low US expectancies to the CS+, while
those who received a GS in extinction showed significantly heightened
expectancy ratings when the CS+ was presented again in test. The skin
conductance data showed a similar pattern, confirmed by a significant
interaction between condition and trial, F(1,96) = 8.2, p < 0.01,
> = 0.07. There were no reliable effects involving trait anxiety on
either measure (highest F = 0.7, p = 0.7, ”pz < 0.01).

Last acquisition trial vs first test trial. The AAA condition showed a
significantly greater decrease in expectancy ratings from the last ac-
quisition trial to the first test trial when compared to the ABA condition,
F(1,96) = 20.0, p < 0.01, ;1PZ = 0.17. This finding suggests that
standard extinction with the trained CS+ is more effective in reducing
conditioned fear to that stimulus than extinction of a GS (i.e., weak
effect of generalization of GS extinction). This interaction did not fur-
ther interact with anxiety, F(1,96) = 0.1, p = 0.7, qu < 0.01.
Although the ABA condition was less effective than the AAA condition
in reducing fear to CS+, a simple effect comparing the last acquisition
trial to the first test trial in the ABA condition alone was significant, F
(1,48) = 8.3,p < 0.01, npz = 0.15, demonstrating that there was some
reduction of fear from acquisition to test. Unlike the expectancy mea-
sure, participants in the ABA condition showed an increase in skin
conductance responding from acquisition to test, whereas participants
in the AAA condition did not change greatly, leading to a significant
interaction between condition and trial, F(1,96) = 12.7, p < 0.01,
ny> = 0.14. This interaction did not further interact with anxiety, F
(1,96) = 0.3,p = 0.6, ,° < 0.01.

5. Discussion

The current experiment sought to examine whether the use of highly
perceptually similar stimuli for CS+ and GS would lead to reliable
generalization of GS extinction; in other words, whether extinguishing a
GS that strongly resembles the CS + would reduce fear responding to
CS+ in test. Another primary aim of this experiment was to examine
whether trait anxiety has any effect on fear extinction, or the general-
ization of GS extinction.

The ABA condition showed a decrease in expectancy ratings from
the last acquisition trial to the first extinction trial. This decrease sug-
gests a generalization decrement from CS + to GS, and confirms par-
ticipants’ capability to distinguish between these two stimuli. The lower
average threat expectancies across extinction in the ABA condition can
be attributed to persistence of the generalization decrement from
CS + to GS seen at the beginning of extinction. The skin conductance
measure, however, showed a more complex pattern. The significant 3-
way interaction involving the acquisition-extinction comparison was a
relatively small effect and is difficult to interpret. Of more importance is
the lack of evidence for generalization decrement on the skin con-
ductance measure; that is, responding did not decline in the ABA con-
dition when the GS was presented in extinction. One possible ex-
planation for this result is a floor effect on the skin conductance
measure. Another factor may have been that the novelty of the switch
from CS + to GS offset any reduction in associative responding.

One of the critical findings in this experiment was that extinction
with a GS (ABA condition) was substantially less effective in reducing
conditioned fear to the CS itself, (AAA condition), confirmed by the
significant interaction between condition and the acquisition-test
comparison. Interestingly, GS extinction was still able to significantly
decrease fear to the CS+ in test. However, this pattern is potentially
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Table 3

Design of experiment 2.
Phase/Condition Acquisition Extinction Test
ABC A+ (6) B- (8) C-(3)
AAC A-(2) A- (8)

Note. + indicates electrical US presentation; - indicates electrical US omission;
numbers in brackets indicate the number of trials of that type in each phase.

confounded with the time between acquisition and test. Therefore, the
decrease in conditioned fear in test could in part be due to the lapse of
time since acquisition (see Bouton & Garcia-Gutiérrez, 2006). However,
given that the lapse of time between acquisition and test was ap-
proximately 6 min, the effect of time should be minimal. Nonetheless,
complementing the aforementioned findings, we observed a high level
of responding to the trained stimulus on both measures at test, in the
ABA but not in the AAA condition. This means that participants who
had received standard fear extinction with CS + continued to show a
low level of conditioned fear to CS+ in test, while those who had re-
ceived a GS in extinction showed strong responding to CS+ in test. This
again suggests that GS extinction was not as effective as extinction with
a CS+, as it induced a larger return of fear to CS+. This finding is
consistent with previous studies that found a change in stimulus during
extinction causes an increase in responding to the trained value in test
(Barry et al., 2016a; Vervliet et al., 2005; Vervliet & Geens, 2014),
despite our attempt to use a GS that was highly similar to (yet dis-
criminable from) the CS+.

Interestingly, the ABA condition showed a more rapid decline in
fear responding to the CS + over test trials compared to the AAA
condition in both expectancy and skin conductance measures. There are
two possible reasons that might account for this finding. First, partici-
pants in the ABA condition had higher US expectancies to the CS + on
the first test trial when compared to the AAA condition, hence there
was more room for responding to CS + to decline. Second, after ex-
periencing a non-reinforced CS + on the first test trial, participants in
the ABA condition may have rapidly formed the belief that the CS + no
longer predicted an electrical US given that they had already experi-
enced a similar exemplar that did not predict electrical US.

Regarding trait anxiety, high anxious individuals showed con-
sistently higher US expectancies in both extinction and test than their
low anxious counterparts. Furthermore, high anxious participant
showed slower extinction. This is consistent with the idea that trait
anxious individuals show a resistance to extinction of fear (Dibbets
et al., 2015; Gazendam et al., 2013). Although this pattern was stronger
in the AAA condition than in the ABA condition, suggesting that an-
xious individuals showed greater resistance to extinction to the original
CS + than to a novel GS, this pattern did not reach significance. Fur-
thermore, these effects were only evident in the expectancy measure
but not the skin conductance measure.

5.1. Experiment 2

The second experiment sought to examine whether extinction
learning to a GS can effectively generalize to another novel GS by
comparing an ABC condition to an AAC control condition. In other
words, the current experiment examined whether extinction of a GS
(stimulus B) can generalize to a novel cue (stimulus C) that is similar to
both the CS+ (stimulus A) and the extinguished GS (stimulus B). The
ABC condition is more relevant to exposure therapy since it is unlikely
that anxious clients will encounter the original threat cue after treat-
ment, but they may encounter cues that differ from those used in
treatment. We again investigated the effect of trait anxiety on gen-
eralization of GS extinction.
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5.2. Participants

We expected that the inclusion of a further similar novel GS (sti-
mulus C) would result in more participants not being able to distinguish
between the stimuli, therefore increasing the number of excluded par-
ticipants and reducing the power of statistical analysis. In light of this,
we recruited a total of 12 more participants in the current experiment
than in Experiment 1. Thirty-three undergraduate students were re-
cruited in each group (anxiety groups and conditions), resulting in a
total of 132 participants. The final sample after exclusions comprised
101 participants (74 females) with a mean age of 20.3 (SD = 2.8).

5.3. Apparatus and materials

All the apparatus and materials were the same as those used in
Experiment 1, with the addition of stimulus C. Stimulus C lay on the
same blue-green dimension as stimuli A and B (see Fig. 1). It was a
slightly bluer circle than Stimulus A, with a HSV value of 0.512. The
saturation and brightness for stimulus C were held the same as A and B
at 1 and 0.75 respectively. The radius of stimulus C was 5.75 cm.

5.4. Procedure

The acquisition and extinction phases in the current experiment
were exactly the same as Experiment 1. During test, both conditions
received 3 trials of a novel GS (stimulus C) without any reinforcement
(see Table 3).

6. Results and discussion

Exclusion criteria were identical to Experiment 1. Five participants
were excluded because they did not meet the acquisition criterion.
Fifteen participants in the ABC condition were excluded because they
failed to report seeing exactly 3 different colors in the post-experi-
mental questionnaire. Similarly, 8 participants in the AAC condition
failed to correctly report seeing 2 colors. In addition, 3 participants
were excluded because their skin conductance was not measured
properly due to technical problems. Altogether, 31 participants were
excluded, leaving 101 participants in the final sample. We conducted a
planned contrast analysis identical to Experiment 1 (see Table 2).

6.1. Demographic data

The mean DASS anxiety scores were 15.8 and 3.9 for the HA and LA
groups respectively. There were no differences in sex distribution be-
tween groups or conditions highest x2 [2] = 1.4, p = 0.24), nor any
age differences between groups or conditions (highest F = 1.7,
p = 0.20). More importantly, the mean US intensities for the HA and LA
group were 2.2 mA and 2.3 mA respectively, and there was no evidence
that there was any anxiety difference in the tolerance of electrical US, F
(1,97) = 0.3,p = 0.59, ,° < 0.01.

6.2. Acquisition

Fig. 3A shows the mean US expectancy ratings during acquisition.
As in Experiment 1, all groups showed a sharp increase in expectancy
ratings to CS+, which then dropped off slightly to an asymptote at
around 80%. This pattern was supported by a significant main effect of
linear trend, F(1,97) = 61.2,p < 0.01, qu = 0.39. Unlike Experiment
1, no main effects of anxiety or condition, or interactions involving
either factors and linear trend reached significance (highest F = 1.2,
p = 0.28, 1,7 = 0.01). Fig. 3B shows the mean change in log SCL during
acquisition. Unlike the expectancy measure, but similar to Experiment
1, participants showed a reduction in skin conductance responding to
CS + across trials, confirmed by a significant main effect of linear
trend, F(1,97) = 10.0, p < 0.01, ”pZ = 0.10. Averaged across
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Fig. 3. Mean US expectancy ratings (Top panel) and skin conductance level (SCL; Bottom panel) across acquisition, extinction and test trials in Experiment 2. HA =

High Anxious; LA = Low Anxious; ABC = ABC condition; AAC = AAC condition.

conditions and trials, responding to CS+ was somewhat higher in the
HA group than in the LA group, but this difference did not reach sig-
nificance, F(1,97) = 2.5,p = 0.12, npz = 0.02. No other main effects or
interactions reached significance (highest F = 1.2, p = 0.28,
2 = 0.02).

6.3. Extinction

Overall, participants showed a decrease in expectancy ratings to the
extinction stimulus across trials (Fig. 3A), supported by a significant
main effect of linear trend, F(1,97) = 86.2, p < 0.01, npz = 0.47.
Averaged over trials, HA participants had higher expectancy ratings to
the extinction stimulus than their LA counterparts, resulting in a sig-
nificant main effect of anxiety, F(1,97) = 5.3, p = 0.02, npz = 0.05.
Participants in the AAC condition showed significantly overall higher
expectancy ratings to the extinction stimulus than those in the ABC
condition, F(1,97) = 62.6,p < 0.01, ;71,2 = 0.39. This difference ap-
pears to have been due to the persistence of generalization decrement
from A (CS+) to B (GS) in the ABC condition seen at the beginning of
extinction. Averaged across anxiety groups, participants in the AAC
condition showed a relatively faster decline in expectancies across
trials, resulting in a significant interaction between condition and linear
trend, F(1,97) = 5.0,p = 0.03, nPZ = 0.05. In other words, participants

showed a slightly faster rate of extinction when presented with the CS+
(A) compared to a novel GS (B). This difference in extinction rate be-
tween conditions was more pronounced in the LA group than the HA
group, leading to a 3-way interaction between anxiety, condition and
linear trend, F(1,97) = 5.2,p = 0.03, ;1p2 = 0.05. No other interactions
reached significance (highest F = 1.5, p = 0.22, ”pz = 0.01).

In contrast to the expectancy measure, participants showed no re-
liable extinction effect in skin conductance (Fig. 3B) across anxiety
groups and conditions, F(1,97) = 0.7, p = 0.41, n,° < 0.01. HA
participants had higher overall responding across trials than the LA
participants, but this difference did not reach significance, F
(1,97) = 2.8,p = 0.10, npz = 0.02. No other main effects or interac-
tions reached significance (highest F = 2.1, p = 0.15, 5,7 = 0.01).

6.4. Test

All groups showed a decline in expectancy ratings across trials,
supported by a main effect of linear trend, F(1,97) = 73.3,p < 0.01,
2 = 0.43, in line with the test stimulus being presented without any
reinforcement (Fig. 3A). Averaged across anxiety groups and trials,
participants in the ABC condition showed higher expectancy ratings to
the test stimulus C than those in the AAC condition, resulting in a main

effect of condition, F(1,97) = 4.2, p = 0.04, npz = 0.04. HA
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participants had higher expectancy ratings than LA participants to the
test stimulus C averaged across conditions and trials, confirmed by a
main effect of anxiety, F(1,97) = 9.5,p < 0.01, npz = 0.09. The ABC
condition showed a more rapid decrease in expectancy ratings across
the test trials than the AAC condition, leading to a significant interac-
tion between condition and linear trend, F(1,97) = 10.0,p < 0.01,
y> = 0.09. Thus, participants who had experienced a GS in extinction
(ABC condition) showed faster extinction learning to a novel GS than
those who experienced standard extinction with the original threat cue
(AAC condition). No other interactions reached significance (highest
F = 1.2,p = 0.28 ,° = 0.01).

For skin conductance (Fig. 3B), participants showed a general de-
cline in responding across the test trials averaged across anxiety groups
and conditions, confirmed by a significant main effect of linear trend, F
(1,97) = 119, p < 0.01, npz = 0.13. Similar to the expectancy
measure, participants in the ABC condition showed a more rapid de-
crease in responding than those in the AAC condition, although this
difference did not reach significance, F(1,97) = 2.9, p = 0.09.
> = 0.04. No other effects reached significance (highest F = 0.43,
p = 0.51, 3,° < 0.01).

6.5. Comparison between phases

Last acquisition trial vs first extinction trial. Participants in the ABC
condition had a significant drop in expectancy ratings from acquisition
to extinction, while those in the AAC condition showed a continuity in
expectancy ratings in the transition of the two phases. This pattern was
confirmed by a significant interaction between condition and the
comparison between the last acquisition and first extinction trials, F
(1,97) = 35.2,p < 0.01, 5> = 0.27. Thus, participants in the ABC
condition showed a generalization decrement due to the change of
stimulus between acquisition and extinction. This generalization de-
crement effect appeared to be larger among the LA participants than the
HA participants - in other words, HA participants in the ABC condition
showed stronger generalization from the CS + to GS than their LA
counterparts in the same condition. However, this difference did not
reach significance, F(1,97) = 3.0, p = 0.09, ;1,,2 = 0.03. No other ef-
fects were significant (highest F = 2.1, p = 0.15, ,°> = 0.02). The skin
conductance data did not reveal any reliable differences in responding
between acquisition and extinction between conditions, nor any sig-
nificant trait anxiety effects (highest F = 2.1, p = 0.15, npz = 0.02).

Last extinction trial vs first test trial. The ABC condition showed a
marked increase in US expectancies from extinction to test, while the
AAC condition showed similar expectancy ratings between extinction
and test, leading to a significant interaction between condition and
trial, F(1,97) = 29.9, p < 0.01, qu = 0.24. That is, GS extinction
triggered more conditioned fear to another novel GS than standard CS
extinction, suggesting that GS extinction is less effective in reducing
fear to the novel test stimulus than CS extinction. This difference did
not differ between anxiety groups, F(1,97) = 0.01, p = 0.9,
> < 0.01. No reliable effects were observed in skin conductance
(highest F = 0.2, p = 0.7, n,° < 0.01).

Last acquisition trial vs first test trial. The decrease in expectancy
ratings from the last acquisition trial to the first test trial was larger in
the AAC condition compared to the ABC condition, F(1,97) = 13.1,
p < 0.01, npz = 0.12. However, a simple effect confirmed that parti-
cipants in the ABC condition did show a significant decrease in ex-
pectancies from acquisition to test, F(1,48) = 5.5,p = 0.02, 11p2 = 0.10.
However, this effect did not further interact with anxiety, F
(1,97) = 0.1,p = 0.8, npz < 0.01. For the skin conductance measure,
the difference in responding between acquisition and test did not differ
between conditions, nor between anxiety groups (highest F = 1.8,
p = 0.18, n,°> = 0.01).
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6.6. General discussion

In two experiments using a single-cue fear conditioning procedure,
we tested several of our predictions. First, we examined whether trait
anxious individuals showed slower fear extinction than their low an-
xious counterparts like previous findings did (e.g., Dibbets et al., 2015;
Gazendam et al., 2013). Second, we tested whether using a GS highly
similar to the CS in extinction would produce a stronger generalization
of GS extinction effect than previous studies (Barry et al., 2016a;
Vervliet et al., 2004; 2005). Third, we examined whether trait anxious
individuals would show higher threat appraisal to test stimuli when
compared to low anxious individuals.

As predicted, high anxious individuals showed higher US ex-
pectancies across extinction when compared to low anxious individuals.
This was partly due to the persistence of a stronger fear generalization
observed among anxious individuals in the ABA and ABC conditions,
although this did not reach statistical significance, and partly due to
resistance to extinction among anxious individuals in the AAA and AAC
conditions. The finding that resistance to extinction was only observed
among trait anxious individuals who received a CS+ in extinction
aligns with the general finding that trait anxiety is associated with an
increase in threat appraisal under threat ambiguity (e.g., Boddez et al.,
2012; Chan & Lovibond, 1996; Chen & Lovibond, 2016). According to
Bouton (1993, 2002), a CS+ in extinction is ambiguous because it
possesses two different meanings: the CS-US association and the newly
formed CS-no US association. The GS can also be considered to have
additional ambiguity because of its novelty and its perceptual similarity
with the threat cue. However, it did not have a history associated with
an electrical US and the non-reinforced trials of GS in extinction further
suggested its safety, perhaps rendering its overall threat level (and
hence opportunity for ambiguity) lower than the CS+ in extinction.

The finding that trait anxious individuals only showed resistance to
fear extinction for the CS + but not for a GS is conceptually parallel to
studies that found a novelty-facilitated extinction effect (Dunsmoor,
Campese, Ceceli, LeDoux, & Phelps, 2015; Lucas, Luck, & Lipp, 2018).
In these studies, one group of participants was exposed to standard fear
extinction with the CS + after acquisition (EXT group). Another group
of participants instead received CS-novel tone pairings (NFE group).
One common finding from these studies was that individuals high in
intolerance of uncertainty, a trait associated with negative interpreta-
tion of threat ambiguity (e.g., Dugas, Buhr, & Ladouceur, 2004a; Dugas,
Schwartz, & Francis, 2004b), showed more return of fear; however this
pattern was only observed in the EXT group. This finding supports the
idea that an extinguished CS + has an ambiguous threat value, con-
sistent with the current finding that trait anxious individuals show a
deficit in extinction learning, but only to the CS+.

Contrary to our second prediction, even though we used a GS highly
similar to the CS in extinction, we still found that extinction learning to
a GS was less effective in reducing conditioned fear to the CS+, or to a
novel GS, when compared to direct extinction with the CS+. This
finding is consistent with previous studies that found weak general-
ization of GS extinction (e.g., Barry et al., 2016; Vervliet et al., 2004,
2005; Zbozinek & Craske, 2018).

Although the stimuli in use were highly similar, the magnitude of
the generalization of GS extinction effect was relatively small.
According to associative accounts, this pattern can be explained by the
protection from extinction effect via conditioned inhibition. When the
GS was first presented in the ABA and ABC conditions, the novel ele-
ments uniquely possessed by the GS had no associative strength. The
substantial drop in responding from the final A+ acquisition trial and
the first B- extinction trial reflects generalization decrement to B, con-
firming that participants treated B as somewhat novel. Across extinc-
tion, these novel elements gradually gained inhibitory strength and
acted as conditioned inhibitors, protecting the excitatory elements
shared between the CS+ and the GS from extinction (Rescorla, 1969;
see also; Pittig, Treanor, LeBeau, & Craske, 2018). In the case of the
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ABA condition, the CS+ in test triggered conditioned fear because of
the protected excitatory, shared elements, in addition to the un-
extinguished excitatory elements uniquely possessed by the CS +. In the
case of the ABC condition, the novel GS was able to trigger conditioned
fear because of the protected excitatory elements shared among the CS
+ and the two GSs, in addition to the elements uniquely shared be-
tween the CS+ and the novel GS.

Although associative accounts are able to account for weak gen-
eralization of GS extinction via conditioned inhibition, they do predict
robust generalization of GS extinction when the CS+ and GS are highly
similar. Therefore, it is difficult to reconcile the prediction made by the
associative accounts and the current findings. Alternatively, a cognitive
account can also accommodate this pattern under the idea of protection
from extinction (e.g., Lovibond, Davis, & O'Flaherty, 2000). Participants
may have attributed the absence of an electrical US entirely to the novel
features of the GS, despite the overall similarity of the GS to CS+. For
instance, when a participant received an aqua-colored circle as CS+
and then received non-reinforced greener circles (GS) in extinction, he/
she may have attributed the absence of an electrical US to the ‘green-
ness’ of the circle. Therefore, when this feature was absent or atte-
nuated in the test stimulus, an electrical US may be expected.

However, a recent study found that extinction learning to a GS could
actually generalize to other GSs more effectively than standard CS ex-
tinction (Struyf, Hermans, & Vervliet, 2018). This effect appears to
depend on two particular conditions that were met in the Struyf et al.
(2018) design. First, the GS in extinction had a higher level of intensity
than the CS + (a facial GS that had a higher level of fear expression than
the CS+). Second, the GS in extinction was located in the opposite
direction to CS- along the stimulus dimension. Under these two con-
ditions, threat appraisal to the GS was maximized due to intensity bias
and potential rule formation (i.e., the further the stimulus is away from
CS-, the more likely US would be delivered). Therefore, presenting this
GS in extinction would have triggered a large mismatch between threat
expectancy and actual outcome (i.e., expectancy violation; Craske,
Hermans, & Vervliet, 2018), potentially explaining the greater gen-
eralization of GS extinction observed. Our current findings and previous
studies (e.g., Vervliet et al., 2005, 2004; Vervoort et al., 2014; Zbozinek
& Craske, 2018) suggest that if the GS does not meet the aforemen-
tioned conditions, a weak generalization of GS extinction effect will be
observed.

Aligning with our third prediction, trait anxious individuals showed
higher US expectancies across test in both experiments when compared
to low anxious individuals. However, this elevation in fear in test was
not due to trait anxious individuals showing a weaker generalization of
GS extinction effect nor a greater return of fear than low anxious in-
dividuals. In fact, both high and low anxious individuals showed a si-
milar increase in US expectancies from extinction to test in the ABA
condition (37% in the HA group and 38% in the LA group). Similarly,
high and low anxious individuals showed a comparable increase in US
expectancies from extinction to test in the ABC condition (41% and
44% respectively). Instead, the main effect of trait anxiety observed in
test appears to reflect the persistence of an expectancy bias throughout
extinction among trait anxious individuals, and a resistance to extinc-
tion in the high anxious group in the AAA and AAC conditions.

Unexpectedly, participants presented with a GS in extinction (ABA
& ABC conditions) showed a more rapid decline in fear responding to
the stimulus in the test phase than those presented with a CS in ex-
tinction (AAA & AAC conditions). This is a novel finding since previous
studies in generalization of GS extinction reported the data averaged
over test trials instead of on a trial-by-trial basis (e.g., Vervliet et al.,
2004; Vervliet & Geens, 2014). Two possible factors may account for
this pattern. First, the non-reinforced GS in extinction may have acted
as an extra piece of information that strengthened the belief that the
test stimulus was safe, especially after the first non-reinforced test trial.
In fact, this interpretation is in line with studies that have shown fa-
cilitated generalization when multiple training exemplars are available
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(Dunsmoor, Martin, & LaBar, 2012; Lee, Lovibond, & Hayes, 2019).
Second, participants who received a GS in extinction showed a higher
level of conditioned fear on the first test trial compared to those who
received standard CS extinction, therefore leaving more room for re-
sponding to the test stimulus to drop.

Since we used a single-cue conditioning procedure, it allowed us to
solely focus on the generalization of GS extinction effect. As previously
discussed, including a CS- may have rendered the interpretation of the
findings difficult, since a reduction in responding to CS + after GS
extinction could be attributed to the extinguished excitatory elements
shared between the CS+ and GS (generalization of GS extinction ef-
fect), or to the inhibitory strength of the shared elements between CS +
and CS-, or a combination of both. Furthermore, in the case of the ABC
condition, a reduction in responding to the novel GS in test could be
attributed to the shared inhibitory elements between the CS-, the GS
used in extinction and the test stimulus. Therefore, using a single-cue
conditioning procedure gives us greater certainty to interpret the cur-
rent finding as a pure test of generalization of GS extinction.

The finding of only a weak generalization of GS extinction effect
suggests that extinction with a GS is a potential new pathway for the
‘return of fear’, especially evident in the ABC condition. Since it is
highly unlikely that a therapist will be able to expose the original threat
cues in treatment, patients are presumably instead exposed to cues that
are perceptually or conceptually similar to the original threat cue.
Similarly, they are unlikely to re-encounter the original threat cues
after treatment, but they may well encounter novel similar cues. The
heightened fear responses to a novel cue in test is conceptually
equivalent to clinically anxious patients showing fear to novel objects
or situations that resemble the original threat cue after successful
treatment. However, despite this initial increase in fear responses,
participants showed a sharp decline in conditioned fear after learning
that the cue is non-threatening. This finding suggests that when patients
encounter novel threatening cues after treatment, they will quickly
learn that these cues are non-threatening, assuming they do not engage
in avoidance (see Lovibond, Mitchell, Minard, Brady, & Menzies, 2009).
Accordingly, exposing multiple stimuli in extinction may facilitate
safety learning to novel cues. In fact, empirical evidence indicates that
arachnophobes show stronger short- and long-term fear reduction after
being exposed to different spider stimuli (Shiban, Schelhorn, Pauli, &
Miihlberger, 2015). More recent studies also showed that presenting
multiple stimuli in extinction led to a significant reduction in condi-
tioned fear to the CS+ and other novel cues in test (Waters, Kershaw, &
Lipp, 2018; Zbozinek & Craske, 2018). Additionally, the parallel be-
tween novelty-facilitated extinction (Dunsmoor et al., 2015; Lucas
et al., 2018) and the current finding where CS extinction had higher
threat ambiguity than GS extinction suggests that pairing fear-related
stimuli with neutral stimuli during therapy may decrease their threat
ambiguity, therefore improving treatment outcome (i.e., less return of
fear).

The present study does have some limitations. First, we found only a
limited number of significant effects on the skin conductance measure.
One reason for this may be the large inter-individual variability of skin
conductance (Lykken & Venables, 1971). Second, the apparent gen-
eralization of GS extinction effect in the ABC condition can be inter-
preted either as a generalization decrement from A to C, or a combi-
nation of generalization of GS extinction and generalization decrement.
Future studies could investigate this issue further by first assessing the
generalization decrement from A to C, therefore making it easier to
unravel these two effects. Furthermore, given that C was further away
from B than A along the color dimension (i.e., C was bluer than B re-
lative to A), both associative and cognitive accounts would predict a
similar level of responding to C, making it difficult to differentiate in-
terpretations between both accounts. For instance, heightened re-
sponses to C could be interpreted as fewer common elements shared
between C and B gaining inhibitory strength since C shared less
common elements with B than with A. Alternatively, participants may
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have formed a rule that the bluer the circle, the more likely it predicts
an electrical US after experiencing a green circle in extinction, leading
to an increase in responding to C. Future studies can manipulate the
location of C, for example, making it further away from A (trained
stimulus) than B (extinction stimulus), to help differentiate associative
and cognitive accounts. Third, the significant decrease in US ex-
pectancies after GS extinction (ABA and ABC conditions) could be al-
ternatively attributed to the previously mentioned lapse of time effect
rather than to a pure GS extinction effect, or a combination of both.
However, any such effect would have been equal in the two experi-
mental conditions. In addition, all phases in the current study were
carried out continuously in a short period of time (less than 15 min), so
forgetting should have been minimal. Nonetheless, future research
could include controls to isolate the effect of time per se.

In conclusion, although both GS extinction and CS extinction were
able to reduce conditioned fear to the CS or to a different GS, extinction
with a GS was less effective compared to extinction with the original
CS. In other words, extinction with a GS led to a significant return of
fear when participants were tested with CS + or another novel GS. The
current work replicated previous findings of a weak generalization of
GS extinction effect (Barry et al., 2016a; Vervliet & Geens, 2014;
Vervliet et al., 2004; Zbozinek & Craske, 2018), despite using stimuli
that were highly similar. Interestingly, participants who received a GS
in extinction showed a sharp decrease in responding to the test stimuli
across test. This was primarily because participants had received a
different exemplar in extinction; after the first non-reinforced test trial,
they were more willing to extrapolate that the test stimuli were safe,
hence resulting in a more rapid decline in responding compared to
those who received a CS in extinction. This suggests that presenting
multiple extinction cues in exposure-based treatments may enhance
treatment outcomes. Trait anxious individuals showed higher US ex-
pectancies across extinction and test compared to low anxious in-
dividuals. Trait anxiety was also found to slow down extinction
learning, consistent with empirical findings in the literature (Dibbets
et al., 2015; Gazendam et al., 2013). However, this pattern was only
observed in participants who received standard fear extinction with the
CS+. These findings align with the general principle that trait anxiety
is associated with excessive threat appraisal to threat ambiguity.
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