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Abstract Abnormal fear responding to threat cues may
contribute to the aetiology and maintenance of persistent
fears and pathological anxiety. Chronic anxiety may also
involve abnormal fear responding to ‘safety’ cues, which do
not signal danger. Yet investigations of fear responding to
acquired safety cues are scarce and the basis of such
responding remains unclear. Moreover, previous studies do
not distinguish between stimulus generalization (an associa-
tive mechanism based on perceptual similarity between
threat and safety cues) and sensitization (a non-associative
mechanism whereby fear responses to any novel, intense, or
fear-related stimulus are temporarily elevated). This study
investigated responses to acquired safety cues in volunteers
with varying trait anxiety, using a novel fear conditioning
paradigm designed to distinguish between effects of trait
anxiety on generalization and sensitization. The paradigm
used three conditioned stimuli: a threat cue (CS+) and two
safety cues (CS—), one perceptually similar to the CS+ and
one perceptually dissimilar. Conditioned fear to these cues
was indexed by fear potentiation of the startle blink reflex,
skin conductance responses, and self-report. To examine
how trait anxiety moderated responses to safety cues, par-
ticipants were divided into high and low trait anxiety sub-
groups. Startle, skin conductance, and self-reported fear
measures indicated that generalization of fear occurred for
the safety cue which resembled the threat cue, but not for the
perceptually dissimilar safety cue, consistent with the
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stimulus generalization hypothesis. There was some evi-
dence that stimulus generalization was exaggerated in anx-
ious individuals. The current study sheds light on the
mechanism by which fear responses to safety cues arise in
healthy individuals, and offers some insight into the influ-
ence of this mechanism in chronic anxiety.
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The ability to detect threat cues is crucial. When a cue
reliably signals imminent danger, it will come to elicit
escape behaviours so that the danger is avoided. Yet the
ability to detect ‘safety’ cues is also crucial, because some
stimuli that resemble threat cues do not actually indicate
danger. For example, many spiders are completely harmless
to humans, even though they look like venomous spiders.
Similarly, panic attacks are not intrinsically dangerous
despite their superficial similarity to heart attacks. Finally,
engaging in social interaction is normally a neutral or pos-
itive experience, even though some interactions may resem-
ble past experiences that were embarrassing or humiliating.
Anxious responding and avoiding such ‘safety’ cues as if
they were threat cues could hinder survival through, for
example, expending energy on unnecessary escape behav-
iours or failing to benefit from opportunities or resources
presented by safety cues. Thus an inability to distinguish
accurately between safety cues and threat cues could result
in considerable, enduring fears and avoidance of cues which
do not actually signal danger. This transfer of fear from a
threat cue to a safety cue may have crucial implications for
understanding the chronic fears and worries that characterise
not only many anxiety disorders, but also persistent fears
and worries that are more widespread in the general
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population, and which are also impairing and costly. Yet
despite the importance of stimulus generalization, and
despite a long history of studies examining stimulus gener-
alization in animals (e.g., Honig and Urcuioli 1981) and in
humans (e.g., Grant and Schiller 1953; Hovland 1937),
studies examining how this process relates to anxiety levels
in humans are scarce.

Fear responses to threat and safety cues are typically
tested with discriminative fear conditioning paradigms in
which participants are presented with two neutral cues: a
threat cue, or a reinforced conditioned stimulus (CS+),
which is paired with the aversive unconditioned stimulus
(UCS); and a safety cue (CS—), which is never paired with
the UCS. Although safety cues are commonly employed in
this manner as a control condition, few studies have
explored individual differences in fear responses to safety
cues and questions remain as to the factors that strengthen or
diminish such responses. One important factor is the per-
ceptual similarity of the safety cue to the threat cue. To
investigate this, a recent study used a discriminative fear
conditioning paradigm to assess fear responses to multiple
safety cues which varied in their physical resemblance to the
CS+ (Lissek et al. 2008). The threat and safety cues were
small and large circles (counterbalanced) and following
conditioning, fear (as measured by fear-potentiated startle)
of circles with intermediate diameters was assessed. This
yielded a curvilinear (quadratic) relationship between fear-
potentiated startle response to a given stimulus and its
perceptual similarity to the threat cue, suggesting that phys-
ical resemblance is a crucial factor in eliciting fear responses
to safety cues. A number of other studies have also yielded
evidence for generalization on the basis of perceptual sim-
ilarity (Dunsmoor et al. 2009; Vervliet et al. 2005, 2006,
2010). Moreover, generalization based on physical charac-
teristics appears to be stronger amongst safety cues that are
more fear-relevant (Dunsmoor et al. 2009).

Another emerging question of interest is the degree to
which anomalies in stimulus generalization can explain
clinical anxiety disorders and persistent fears and worries.
Assessing fear responses to multiple safety cues using dis-
criminative fear conditioning has shown that individuals
with clinical anxiety disorders show elevated generalization
of fear from threat to safety cues (Lau et al. 2008; Lissek et
al. 2010). In one of these studies, anxious individuals
reported greater fear across the CS+ and CS— compared to
non-anxious individuals (Lau et al. 2008). One explanation
for these results is poorer discrimination between threat and
safe cues amongst anxious individuals. In the second study,
anxious group differences in psychophysiological fear
emerged as different patterns of response to threat and safety
cues in each group (Lissek et al. 2010). Specifically, where-
as healthy controls showed precipitous, quadratic declines in
fear responding to stimuli of increasing dissimilarity to the
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CS+, individuals with panic disorder had more gradual,
linear declines indicating more transfer of conditioned fear
to stimuli approximating the CS+.

These early findings require further replication, but also
raise crucial questions. Firstly it is still unclear whether
elevated fear responses to safety cues do in fact arise
through stimulus generalization (i.e., an associative mecha-
nism based on perceptual similarity between the CS+ and
the CS—). An alternative explanation is that they arise
through sensitization: a non-associative mechanism where-
by exposure to an aversive stimulus results in a temporary,
general elevation of fear responses to any novel, intense, or
fear-related stimulus. Secondly, despite the emerging corpus
of data in healthy individuals, previous studies have not
examined individual differences in anxiety. Yet understand-
ing how fear conditioning and generalization are moderated
by individual differences in trait anxiety is important be-
cause, as noted earlier, trait anxiety is associated with per-
sistent fears and worries which can be disabling and costly.

The primary aim of the present study was to distinguish
between the stimulus generalization and sensitization hy-
potheses of fear responding to safety cues, using a novel
discriminative fear conditioning paradigm in individuals
with a range of levels of persistent fears and worries, as
assessed by a measure of trait anxiety. One way to distin-
guish between sensitization and generalization explanations
is to compare responses to safety cues which are perceptu-
ally similar to the threat cue with responses to safety cues
which are perceptually dissimilar. According to the stimulus
generalization hypothesis, fear of a safety cue should be
proportional to its perceptual similarity to the threat cue.
According to the sensitization hypothesis, participants
should be indiscriminately fearful of all safety cues, irre-
spective of their similarity to the threat cue. Thus in our
paradigm we examined responses to a threat cue and two
safety cues. In contrast to the paradigm used by Lissek and
colleagues (2008, 2009), we used photographs of human
faces as the threat cue and UCS. Unlike geometric shapes,
faces are highly salient stimuli with strong biological and
social significance for humans. The UCS was a photograph
of a fearful face (of the same person as shown in the CS+
photograph), presented in conjunction with a piercing
scream. Neither of the two safety cues were ever paired with
the scream. One of our safety cues was perceptually similar
to the threat cue (CS+), comprising a photograph of a
second face, while the other was perceptually dissimilar,
comprising a grey oval. In contrast to a prior study con-
ducted by Dunsmoor and colleagues (2009), our
perceptually-similar CS— represented a different individual,
rather than the same individual wearing a more fear-intense
expression. Again, we did this to assess mechanisms
that may underlie the emergence of real-life persistent
fears and worries (e.g., worrying about befriending a
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new acquaintance because he resembles someone who is
a bully).

In line with previous studies, we expected that all partic-
ipants would acquire a conditioned fear response to the
threat cue (CS+). In accordance with the stimulus general-
ization hypothesis and contrary to the sensitization hypoth-
esis, we predicted that participants would develop greater
conditioned fear of the perceptually similar safety cue (i.e.,
the other neutral face) than of the perceptually dissimilar
safety cue (i.e., the oval). We hypothesized that these differ-
ences would not be evident prior to learning but would
persist even after extinction. In addressing these questions,
we assessed whether differential learning emerged gradually
across time by investigating stimulus differences in each
block. We also made specific predictions about the effect
of anxiety. On the basis of stimulus generalization accounts,
we expected that anxious participants’ fear responses to
safety cues which were similar to the threat cue would be
elevated, but those to dissimilar safety cues would not.
Based on prior studies, we anticipated that this could occur
as between-group differences in fear responses to threat and
safety cues, and/or more subtly as different patterns of fear
responding to threat and safety cues in high versus low
anxious individuals.

Method
Participants

The participants comprised 50 adults (26 males, 24 females;
M 4.=30.7, SD=13.6) recruited from the local community.
Participants were literate in English. Information sheets
distributed during recruitment asked potential participants
not to take part if they had any history of psychiatric illness
or a learning difficulty. The study was approved by the local
ethics committee, and all participants gave written informed
consent to participation. All participants were paid £5 for
taking part.

Trait Anxiety

The trait scale of the Spielberger State-Trait Anxiety Inven-
tory (STAI, Spielberger et al. 1983) was used to assess
common anxiety symptoms. Participants were divided into
low and high trait anxiety subgroups, based on a median
split on this scale (high anxiety group: M=45.61, SD=7.43;
low anxiety group: M=31.92, SD=3.78).

Psychophysiological Apparatus

Stimulation and recording were controlled by a commercial
system (Contact Precision Instruments, London, UK).

Electromyography (EMG) recordings of the eye-blink star-
tle reflex were made with two 4 mm Ag-AgCl electrodes
placed under the left eye. Skin conductance responses
(SCR) were recorded with two 6 mm Ag-AgCl electrodes
filled with KY Jelly and placed on the medial phalange of
the first and second fingers of the non-dominant hand.
Amplifier bandwidth was set to 25-500 Hz and data were
sampled at 1,000 Hz. The air-puff startle probe was a 40 ms
puff of medical grade compressed air, delivered to the centre
of the forehead through a polythene tube (2 m long, 32 mm
inside diameter), affixed approximately 1 cm from the skin
by way of a headpiece worn by the participant. Using this
headpiece allowed for head movements while maintaining
constant placement of the air-puff. A visor was positioned
between the polythene tube and the participant’s eyes to
prevent the air-puff from reaching the cornea. A solenoid
valve with an AC switch controlled delivery of the air-puffs.
Prior to testing, air pressure was set at 0.3, 0.5, or 0.7 bar
(measured at the level of the regulator). Pressure was set at
the minimal level required to elicit six blinks during a test
block of eight successive startle probe presentations.

Conditioning Paradigm

A classical, discriminative fear conditioning paradigm based
on a previous task developed by our group was employed
(Lau et al. 2008). This comprised pre-conditioning, condi-
tioning, and extinction phases. Photographs of female faces
with neutral expressions served as the threat cue (CS+) and
similar safety cue (similar CS—), with one of the two faces
selected at random to serve as the threat cue for each
participant (see Lau et al. 2008 for the photographs). The
dissimilar safety cue (dissimilar CS—) was a grey oval of
similar proportions to the female faces. The UCS was a 3 s
presentation of the CS+ face displaying a fearful expression,
presented simultaneously with a 95 Db shrieking female
scream lasting 1 s.

CSs were presented in a fixed pseudorandom order, with
no more than two trials of the same type occurring consec-
utively. Pre-conditioning consisted of two trials of each CS
type, all occurring in the absence of the UCS. Conditioning
(36 trials) comprised 12 trials of each CS type, with nine
CS+ of the presentations co-terminating with UCS delivery
(75 % reinforcement schedule). This 75 % reinforcement
schedule for the CS+ was used because partial reinforce-
ment prevents habituation to the UCS (Mackintosh 1974).
Extinction (27 trials) consisted of nine trials of each CS
type, all presented in the absence of the UCS. Each trial
comprised presentation of the given CS for 8 s, with the
startle probe occurring 4 or 5 s after CS onset; on reinforced
trials, the UCS was presented for 3 s immediately after the
CS+. These trials were intermixed with inter-trial-interval
(ITT) assessments, which provided a baseline measure of
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startle. The ITI varied between 11 s and 13 s, resulting in
inter-probe intervals of 18-25 s.

Procedure

After giving informed consent, participants completed the
STAI-T. The EMG electrodes, SCR electrodes, and startle
headpiece were then fitted, and air-puff pressure was set at
an appropriate level (see apparatus and materials). Next, six
startle probes (with an inter-probe interval of 18-25 s) were
delivered to habituate the startle reflex, before the fear
conditioning task began. The task consisted of seven blocks
presented in a single session. Pre-conditioning was complet-
ed in a single block, while conditioning and extinction were
each divided into three blocks (i.e., conditioning comprised
3 blocks of 12 trials, with each block containing 4 trials of
each CS type; extinction comprised 3 blocks of 9 trials, with
each block containing 3 trials of each CS type). Upon
completion of each block, participants rated their fear of
each CS in a booklet using a 9-point Likert scale (anchored
with the labels not at all scary and extremely scary).

Data Processing and Analysis

Startle EMG was rectified and smoothed (20 ms moving
window average). The onset latency window for the blink
reflex was 20—100 ms following startle probe onset. Trials in
which blinks began before or after this window were dis-
carded; these blinks were not deemed to represent genuine
startle responses to the airpuff probe. Excessively noisy
trials were also discarded. Peak blink amplitude within
150 ms of startle probe onset was determined. The mean
EMG level for the 50 ms preceding the onset latency win-
dow (i.e. baseline) was subtracted from the peak amplitude,
generating the critical outcome measure for each trial. Raw
EMG magnitudes were standardized using within-subject T-
score conversions. Participants who had valid blinks for
fewer than 50 % of trials (n=3) were excluded from the
EMG analyses. For each participant, mean standardized
blink amplitude was calculated for each stimulus class
(CS+, similar CS—, dissimilar CS—, ITI) in each phase
(pre-conditioning, conditioning, extinction). Mean fear-
ratings for the three conditioned stimuli (CS+, similar
CS—, dissimilar CS—) were also calculated for each phase.
Skin conductance responses were measured as the max-
imal deflection occurring within a time window 14 s after
the onset of each CS. Responses were detected automatical-
ly using PsyLab and checked manually for artefacts. Partic-
ipants with no non-zero responses (n=10) were excluded
from further analysis, leaving 40 participants in the sample
for this outcome measure. For each participant, SCR values
were square-root transformed and then range-corrected (by
dividing by their largest response amplitude) in order to
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account for inter-individual differences in variability unre-
lated to psychological processes. Preliminary analyses indi-
cated that there were differences in SCR responses to the
three trial types at baseline; however, examination of the
trial-by-trial data indicated that this was an artefact arising
because SCRs for the first trial after habituation (which was
always a dissimilar CS— trial) were significantly larger than
those for all subsequent pre-conditioning trials (all p values
<0.001). This trial was therefore excluded from further
analyses.

We analyzed the effects of stimulus and anxiety group in
each phase separately; in addition, in order to examine the
effects of learning we added block as a factor to these
analyses for the conditioning and extinction phases. All
statistical analyses were performed using SPSS 17.0 and
an alpha level of 0.05 was used throughout. Greenhouse-
Geisser corrected values were used where the assumption of
sphericity was violated.

Prior to the main EMG analysis, startle magnitude during
habituation trials was compared between the high and low
anxiety groups. There was no significant main effect of
anxiety group on startle magnitude, nor was there a signif-
icant correlation between STAI-T score and startle magni-
tude during habituation. Thus any differences between the
anxiety groups were not due to general elevation of fear-
potentiated startle prior to the conditioning task.

On average, participants rated the blonde face as signif-
icantly scarier than the brunette during the pre-conditioning
phase, #(49)=4.32, p<0.001. It is unclear why this occurred.
However, we do not believe this affected our results, be-
cause: (1) this difference did not persist following the con-
ditioning phase, #(49)=1.58, ns; (2) there was no difference
between the task versions (blonde as CS+ vs. brunette as CS
+) in terms of post-conditioning fear ratings of the CS+, ¢
(48)=1.31, ns, or the similar CS—, #(48)=1.54, ns; (3) the
proportion of participants who saw the blonde face as the
CS+ did not vary between anxiety groups: low anxiety:
11/24; high anxiety: 13/26; x*(1)=0.77, ns; (4) during pre-
conditioning, the average blink amplitudes elicited by the
two faces were very similar, blonde: M=51.4, SD=8.67;
brunette: M=53.46, SD=11.28; #(46)=1.12, ns; and (5)
during pre-conditioning, the average SCR amplitudes eli-
cited by the two faces were very similar, blonde: M=21.87,
SD=27.73; brunette: M=19.12, SD=21.64; 1(39)=0.59, ns.

Results
Self-Reported Fear Ratings
Self-reported fear ratings to each stimulus for individuals in

the low and high anxious groups are presented in Fig. 1, for
pre-conditioning, conditioning, and extinction phases.
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Fig. 1 Self-reported fear to the CS+, similar CS—, and dissimilar
CS—, in pre-conditioning, conditioning, and extinction. Values repre-
sent means = SEM

During pre-conditioning, there was a significant main ef-
fect of CS-type on fear ratings, F(2,96)=20.02, p<0.001,
partial 7°=0.294. Participants reported greater fear of each
of the two face stimuli (CS+ [M=2.12, SD=1.39]; similar
CS— [M=2.52, SD=1.70]) relative to the oval (dissimilar
CS— [M=1.24, SD=0.80]), both p values <0.001. The dif-
ference in self-reported fear between the CS+ and the sim-
ilar CS— (i.e., between the two faces) did not reach
significance, #(49)=1.91, p=0.063. Moreover, there was a
significant main effect of anxiety: participants in the high
anxiety group gave higher fear ratings (M=2.26, SD=1.02)
than those in the low anxiety group (M=1.64, SD=1.02),
F(1,48)=4.56, p=0.038, partial 7°=0.087 to all stimuli.

For the self-report data from the conditioning phase, the
3 (block) x3 (CS-type) x2 (anxiety group) ANOVA yielded
only a significant main effect of CS-type, F(1.52,72.84)=
54.66, p<0.001, partial 7°=0.532, and a main effect of
anxiety, F(1,48)=6.50, p=0.014, partial n*=0.119. The
main effect of CS-type reflected greater self-reported fear
of the CS+ (M=3.94, SD=2.20) compared to both the
similar CS— (M=2.03, SD=1.39), #(49)=6.31, p<0.001,
and the dissimilar CS— (M=1.19, SD=0.65), #49)=9.06,
»<0.001. In turn, the similar CS— received significantly
higher fear ratings than the dissimilar CS—, #(49)=4.59,
»<0.001. The main effect of anxiety reflected the fact that,
as with pre-conditioning, high anxious individuals gave
higher fear ratings (M=2.74, SD=1.03) than low anxious
individuals (M=2.00, SD=1.03) across CS-types.

A significant main effect of CS-type was also present
during extinction, F(1.71,82.22)=14.69, p<0.001, partial

n*=0.234. Again there was greater fear of the CS+
(M=2.47, SD=1.89) relative to both the similar CS—
(M=1.82, SD=1.37), #(49)=2.88, p=0.006, and the dissim-
ilar CS— (M=1.24, SD=0.64), #(49)=4.73, p<0.001, and
greater fear of the similar CS— relative to the dissimilar
CS—, #(49)=3.14, p=0.003. The difference in fear ratings
between the anxiety groups, collapsed across CS-types, was
at trend level (high anxiety: M=2.10, SD=1.02; low anxi-
ety: M=1.57, SD=1.02), #(1,48)=3.44, p=0.070, partial °=
0.067.

Psychophysiological Responses

Figure 2a shows EMG responses to each stimulus class (CS
+, similar CS—, dissimilar CS—) for each phase collapsed
across anxiety group. Data for conditioning and extinction
phases are presented by block. In pre-conditioning startle
responses, no significant main or interaction effects of CS-
type or anxiety group were present.

For the EMG data from the conditioning phase, a 3
(block) %3 (stimulus) %2 (anxiety group) ANOVA yielded
significant main effects of block, F(1.723, 70.639)=44.028,
p<0.001, partial °=0.518 and stimulus, F(2, 82)=25.662,
p<0.001, partial 777=0.385. These effects were modified by
an interaction between these factors, F(4, 164)=3.105,
p=0.017, partial 7°=0.070. We therefore separated subse-
quent analyses by block to examine responses to CS-types
in each anxiety group during ‘early’, ‘middle’ and ‘late’
stages of conditioning. We used a 3 (stimulus) x2 (anxiety
group) ANOVA within each block. For conditioning block
1, there was a trend level effect of anxiety group, F(1, 42)=
3.816, p=0.057, partial 7°=0.083, which arose because
collapsed across stimulus types, the high anxious individu-
als tended to have larger EMG scores (M=56.64, SD=3.31)
than the low anxious individuals (M=54.36, SD=4.35).
Critically, there was no differential response to the three
stimuli (»p=0.160). For conditioning block 2, the ANOVA
yielded a significant main effect of stimulus, F(2, 88)=
16.73, p<0.001, partial 7°=0.275, which was modified by
an interaction with anxiety group, F(2, 88)=3.73, p=0.028,
partial 17”=0.078. Post-hoc follow-up t-tests revealed that
this interaction arose because, within the low anxious group,
participants’ responses discriminated between the CS+
(M=55.37, SD=4.34) and the similar CS— (M=51.15,
SD=6.41), #(23)=3.19, p=0.004, Cohen’s d=0.77, as well
as between the CS+ and the dissimilar CS— (M=49.10,
SD=4.90), #(23)=4.98, p<0.001, Cohen’s d=1.36, but did
not discriminate between the similar and dissimilar CS—,
p=0.106. In contrast, within the high anxious group, partic-
ipants’ responses did not differ between the CS+ (M=52.45,
SD=4.64) and the similar CS— (M=53.11, SD=5.76),
p=0.557. Instead the mean response to the dissimilar CS—
(M=48.55, SD=4.68) was significantly different to both the
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Fig. 2 EMG of fear potentiated startle responses to the CS+,
similar CS—, and dissimilar CS— (a), during pre-conditioning,
conditioning, and extinction (showing the effect of block in con-

CS+, #22)=3.59, p=0.002, Cohen’s d=0.83, and the similar
CS—, #21)=2.97, p=0.007, Cohen’s d=0.87 (see Fig. 2b).
Comparing the difference in responses to the CS+ and the
similar CS— between the high and low anxious groups for
this block revealed a significant difference, #45)=2.917,
p=0.005, with a large effect size of Cohen’s d=0.85. For
conditioning block 3, there was a significant main effect of
stimulus, F(2, 88)=24.55, p<0.001, partial 7,°=0.358, but
no significant effects involving anxiety. Post-hoc paired
t-tests showed that, collapsed across anxiety group,
the participants had higher EMG responses to the
CS+ (M=51.82, SD=5.45) than to the similar CS—
(M=49.16, SD=4.72), #(45)=2.909, p=0.006, Cohen’s
d=0.52, which in turn received higher responses than the
dissimilar CS— (M=45.17, SD=3.94), #(46)=4.367,
p<0.001, Cohen’s d=0.93.

For the EMG data from the extinction phase, the 3
(block) %3 (stimulus) x2 (anxiety group) ANOVA yielded
significant main effects of block, F(2, 88)=11.099,
p<0.001, partial 7°=0.201 and stimulus, F(1.585,
69.732)=11.610, p<0.001, partial 7°=0.209, as well as a
trend-level intereaction between them F(4, 176)=2.306,
p=0.060, partial 177=0.050. We therefore separated subse-
quent analyses by block, using a 3 (stimulus) x2 (anxiety
group) ANOVA within each block. For extinction block 1,
there was a significant main effect of stimulus, F(1.688,
75.941)=8.772, p=0.001, partial 1*=0.163, but no signifi-
cant effects involving anxiety. The effect arose because
collapsed across anxiety level, participants’ responses did
not discriminate between the CS+ (M=50.32, SD=7.14)
and the similar CS— (M=48.93, SD=5.63), p=0.162, but
did discriminate between the dissimilar CS— (M=45.61, SD=
4.83) and both the CS+, #(46)=3.45, p=0.001, Cohen’s d=
0.77, and the similar CS—, #46)=3.11, p=0.003, Cohen’s d=
0.63. For extinction block 2, there was again a significant
main effect of stimulus, F(2, 90)=3.784, p=0.026, partial
77=0.078, but no significant effects involving anxiety. Post-
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ditioning and extinction; see text for details); and b during block 2
of conditioning in the high and low anxiety groups. Values repre-
sent means + SEM

hoc tests revealed that participants’ responses discriminated
between the CS+ (M=47.58, SD=4.70) and the similar CS—
(M=44.96, SD=4.71), #(46)=2.723, p=0.009, Cohen’s
d=0.56 as well as, at trend level, between the CS+ and the
dissimilar CS— (45.64, SD=5.33), #(46)=1.817, p=0.076,
Cohen’s d=0.39, but did not discriminate between the similar
and dissimilar CS—, p=0.455. For extinction block 3, there
was once again a significant main effect of stimulus, F(2,
88)=7.552, p=0.001, partial 7°=0.146, but again no signifi-
cant effects involving anxiety. In this block, post-hoc pairwise
comparisons were all significant at least at trend level, with
mean responses for the CS+ (M=47.07, SD=6.24) being at
trend level higher than those for the similar CS— (M=45.07,
SD=5.53), #(45)=1.772, p=0.083, Cohen’s d=0.34, which in
turn were higher than those for the dissimilar CS— (M=42.96,
SD=5.51), #(45)=2.330, p=024, Cohen’s d=0.38.

Figure 3 shows skin conductance responses (SCR) to
each stimulus class (CS+, similar CS—, dissimilar CS—) for
each phase collapsed across anxiety group. Again, data from
the conditioning and extinction phases are presented sepa-
rately by block to describe any time-related changes in the
discrimination between CS-types. At pre-conditioning,
there was no significant effect of CS-type or anxiety.

For the SCR data from the conditioning phase, the 3
(block) x3 (stimulus) x2 (anxiety group) ANOVA yielded
significant main effects of block, F(1.742, 66.209)=,10.933
p<0.001, partial 77=0.233, and stimulus F(1.733, 65.843)=
13.306, p<0.001, partial 177=0.259, as well as an interaction
between them, F(3.111, 118.214)=3.025, p=0.031, partial
7=0.074. We therefore separated subsequent analyses by
block to examine the rates of learning within the two anxiety
groups, using a 3 (stimulus) x2 (anxiety group) ANOVA
within each block. These three analyses showed that within
each of the three conditioning blocks, a significant main
effect of stimulus was present (p values<0.012); none of
these blocks showed effects involving anxiety. Post-hoc
paired t-tests revealed that in conditioning block 1, SCRs
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Fig. 3 Skin conductance responses to the CS+, similar CS—, and
dissimilar CS—, during pre-conditioning, conditioning, and extinction
(showing the effect of block in conditioning only; see text for details).
Values represent means + SEM

to the CS+ (M=23.51, SD=25.11) and similar CS— (M=
27.69, SD=25.16) did not differ significantly (p=0.167),
whereas both were different (at least at trend level) to SCRs
to the dissimilar CS— (M=17.73, SD=16.91), CS+ > dis-
similar CS—: #(39)=1.883, p=0.067, Cohen’s d=0.27; sim-
ilar CS—> dissimilar CS—: #37)=2.67, p=0.011, Cohen’s
d=0.27. By conditioning block 2 participants’ SCRs
showed differential responses to the three stimuli: responses
to the CS+ (M=24.40, SD=21.36) were significantly higher
than those to the similar CS— (M=17.01, SD=21.69), ¢
(37)=3.01, p=0.005, Cohen’s d=0.34, which in turn were
higher, at trend level, than responses to the dissimilar CS—
(M=10.72, SD=14.60), #37)=1.920, p=0.062, Cohen’s
d=0.34. Similarly in conditioning block 3, SCRs differen-
tiated all three stimuli: responses to the CS+ (M=19.02,
SD=19.01) were higher, at trend level, than those to the
similar CS— (M=14.98, SD=16.69), #39)=1.72, p=0.094,
Cohen’s d=0.23, which in turn were higher than responses
to the dissimilar CS— (M=7.43, SD=10.58), #39)=3.24,
p=0.002. Cohen’s d=0.54.

At extinction, the 3 (block) %3 (stimulus) x2 (anxiety
group) ANOVA vyielded only a significant main effect of
stimulus F(2, 72)=15.12, p<0.001, partial 7,°=0.285. Post-
hoc paired t-tests collapsed across block and anxiety group
revealed that this was because due to the fact that partic-
ipants’ responses to all three CS types differed: responses to
the CS+ (M=17.30, SD=17.42) were significantly higher
than those to the similar CS— (M=11.19, SD=12.94), #(39)=

3.14, p=0.003, Cohen’s d=0.40, which in turn were signif-
icantly higher than responses to the dissimilar CS—
(M=6.53, §D=7.38), #39)=3.00, p=0.005, Cohen’s
d=0.44.

Discussion

In the present study, we developed a novel discriminative
fear conditioning paradigm to elucidate the mechanism by
which fear of social threat signals (those that predict danger)
is extended to social safety signals (those that have never
predicted danger). In contrast to several previous studies, we
employed two safety cues, one of which was perceptually
similar to the threat cue and one of which was dissimilar.
This enabled us to distinguish between two proposed mech-
anisms for the emergence of fear of safety cues. Stimulus
generalization, an associative mechanism, ought to have
resulted in participants developing greater fear of a percep-
tually similar safety cue compared to a perceptually dissim-
ilar safety cue. On the other hand, sensitization, an
indiscriminate, non-associative mechanism, ought to have
resulted in participants becoming equally fearful of both
safety cues. After conditioning, individuals’ subjective and
psychophysiological responses (fear-potentiated startle and
skin conductance) to the two safety cues did indeed vary
depending on their similarity to the face threat cue. In
general, fear responses to the perceptually similar CS—
(another face) were stronger than those to the perceptually
dissimilar CS— (an oval). These results are clearly consistent
with the stimulus generalization hypothesis but inconsistent
with sensitization and are comparable with several other
studies (Dunsmoor et al. 2009; Vervliet et al. 2005, 2006,
2010 Lissek et al. 2008; Dunsmoor et al. 2009). Interesting-
ly, the gradient of fear responses did not appear instanta-
neously, but rather emerged over time: differential
responding was not observed in Block 1, but was clearly
apparent by Block 3 in both the EMG and the SCR data. The
differences persisted through the extinction phase.

Post-hoc analyses also yielded interesting patterns asso-
ciated with anxiety in the EMG data. During the first block
of conditioning, there was no evidence for differential fear
responding to the three conditioned stimuli in either the high
or the low anxious groups. In block 2, the low anxious
group demonstrated higher fear-potentiated startle to the
threat cue compared to the two safety cues. In contrast,
fear-potentiated startle responses in the high anxious group
failed to distinguish between the threat cue and perceptually
similar safety cue during this block, although they did
distinguish the dissimilar safety cue. During Block 3 both
high and low anxiety groups discriminated between CS+
and similar CS— at approximately equal rates (and thus
there was no anxiety group X stimulus interaction for
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Block 3). This pattern suggests that high trait anxious
individuals may have delayed discrimination learning or
prolonged generalization of fear responses to perceptu-
ally similar safety cues, similar to that seen in panic
disorder (Lissek et al. 2009). However, these differences
were not apparent in the skin conductance data. Finally,
as expected, main effects of anxiety characterized self-
reported fear ratings.

Persistent anxiety is characterised by exaggerated and
persistent fears to situations that resemble threats but are in
fact safe. These features are suggestive of an inability to
discriminate safety cues from threat cues. Our data suggest
that these effects may be explained by generalization of fear
among physically similar cues, such as our threat cue and
our perceptually similar safety cue. Moreover, our approach
extends investigations of stimulus generalization by using
stimuli with clear biological and social salience. Although
our findings of differential patterns of responding in the high
and low trait anxious group must be considered preliminary,
they resonate with those reported by other empirical studies
in anxious patients and with a recent meta-analysis of simple
fear conditioning studies (Lissek et al. 2005, 2010, 2009).
This concluded that, compared to healthy controls, anxiety
patients demonstrate increased psychophysiological arousal
(e.g., skin conductance response, fear-potentiated startle)
during the acquisition of conditioned fear, as well as in-
creased conditioned responding not only to threat cues but
also to safety cues. Moreover, experimental evidence in
patients with panic disorder demonstrates that, unlike the
quadratic relationship in healthy controls, they show a linear
relationship between fear-potentiated startle response to a
given stimulus and its perceptual similarity to the threat cue
(Lissek et al. 2010). This results in a pattern whereby,
compared to healthy controls, panic patients’ fear-
potentiated startle responses remain elevated for stimuli that
are relatively dissimilar to the threat cue. Our data lend some
support to the notion that chronic high anxiety may be also
characterised by prolonged generalization of fear responses
to safety cues which share perceptual features with a threat
cue: amongst highly trait anxious participants, the percep-
tually similar safety cue elicited a fear-potentiated startle
response in block 2 of conditioning that was indistinguish-
able from responses to the threat cue. This was not true of
low trait anxious participants, whose fear-potentiated startle
responses distinguished between the threat cue and similar
safety cue by block 2.

What might be the basis for these exaggerated fear
responses to the similar safety cue but not to the dissimilar
safety cue in high anxious individuals? One explanation is
that, because the similar safety cue shares some but not all
the features of the threat cue, after participants have learnt
the CS+ —UCS association, the similar CS- may be con-
ceptualised as a ‘degraded’ threat cue. In block 2 of
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conditioning, this degraded threat cue may continue to con-
vey sufficient ‘danger’ information to activate a fear
response in high trait anxious individuals, but not in low
trait anxious individuals. In other words, high trait anxious
individuals may have a lower threshold for threat appraisal
that is exceeded by the degraded threat content of the similar
safety cue. By contrast, the partial threat information con-
veyed by the similar safety cue may not activate the fear
system for those low in anxiety because it is insufficiently
threatening, and only the threat cue itself is sufficiently
threatening to exceed their threshold for threat appraisal
(c.f.,, Lissek et al. 2010). Of course, it could be argued that
the dissimilar safety cue shared some features with the CS+,
in that it was a visual stimulus with a similar shape to the
faces. In this view, a more definitive test of the sensitization
hypothesis would involve using a more dissimilar safety cue
—perhaps of a different modality. Finally, our findings
cannot shed light on the question of whether high anxiety
levels lead to overgeneralization or whether a propensity to
overgeneralize increases the perception of the world as a
threatening, unsafe place, thereby increasing an individual’s
tendency to be anxious. Future work could address this
question using prospective designs or possibly by experi-
mental manipulation of state anxiety levels or the tendency
to generalize.

It is not clear why the differential pattern of results
between high and low anxious individuals was apparent
for fear potentiated startle magnitude but not for skin con-
ductance responses or self report. We would tentatively
suggest several factors that may be relevant. First, skin
conductance responses may be less specific, reflecting gen-
eral arousal rather than specifically fearful responses. Sec-
ond, the two measures reflect physiological processes
occurring at different times within each trial: skin conduc-
tance measures were taken 14 s following CS onset, where-
as the startle probe occurred 4 or 5 s after CS onset. Future
studies could examine whether the timecourse of the fear
response differs between high and low anxious individuals
by, for example, probing startle responses at a wider range
of timepoints following CS onset. Finally, although self-
report may have been subject to demand responding, there
may have been a genuine dissociation between subjective
appraisal of the similar safety cue and non-conscious phys-
iological arousal when it was displayed. Tentatively, the
discrepancy between our physiological and self-report
measures might suggest that generalization processes are
subtle, occurring with minimal awareness.

These results are subject to a number of limitations. First,
the mean STAI score in the high anxious group was only
moderately high (45.61; SD=7.43). STAI scores vary con-
siderably in clinical samples; for example, Fisher and Dur-
ham (1999) report a mean pre-treatment STAI score of 57.00
(SD=9.45) across six treatment studies of Generalized
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Anxiety Disorder, which is rather higher than in our high
anxious group. On the other hand, Lissek and colleagues
(2010) report that their sample of patients with Panic Disorder
had a mean STAI score of 39.89 (SD=10.80)—somewhat
lower than in our high anxious group. Thus differences between
the high anxious and low anxious groups may not apply to
comparisons of clinically anxious and non-anxious groups. As
noted earlier, however, our findings do converge with studies in
clinically anxious individuals (Lissek et al. 2005). In addition,
high trait anxiety has been shown to be a risk factor for anxiety
disorders and thus our data may well reflect conditioning-based
vulnerability markers for clinical anxiety. However, future
studies of persistent fears and worries may benefit from select-
ing individuals with extreme trait anxiety scores. Second, there
were unexpected differences between the two versions of the
task (blonde face as CS+ vs brunette face as CS+), although
these differences were only apparent in the self-report data at
pre-conditioning. Third, the UCS was a human scream, which
may have had greater ‘belongingness’ to the face CSs than to
the oval (Hamm et al. 1989). Future work using this paradigm
could investigate whether the effects found here are specific to
faces by comparing responses to this paradigm with one where
the CS+ is a geometric shape (such as the grey oval), the similar
CS— is a similar shape and the dissimilar CS— is a neutral face.
Fourth, the complexity of the design and the use of multiple
outcome measures mean that there were multiple contrasts
within a small sample; it is possible, therefore, that our power
to detect between-group differences was limited. However, for
the contrast where we did report an interaction involving
anxiety (i.e., EMG responses in block 2 of acquisition) the
effect size was large.

In summary, we developed and piloted a novel paradigm
for assessing online learning of threat and safety cues. Using
this paradigm, we demonstrated that not all safety cues are
equal in their elicitation of fear. Subjective and physiological
fear responses were greater when the safety cue resembled the
threat cue than when the safety cue was perceptually dissim-
ilar to the threat cue. This is consistent with a stimulus gener-
alization account for the persistence of fear responses to safety
cues. We also found some suggestion that even in a non-
clinical population, highly anxious individuals show such
strong stimulus generalization that they show persistent
responding to a perceptually similar safety cue as if it was a
threat cue. This suggests that elevated fear of safety cues in
individuals with persistent fears and worries may be mediated
by stimulus generalization mechanisms.
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