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Persistent adult anxiety disorders often begin in adolescence. As emphasis on early treatment grows, we
need a better understanding of how adolescent anxiety develops. In the current study, we used a fear con-
ditioning paradigm to identify disruptions in cue and context threat-learning in 19 high anxious (HA) and
24 low anxious (LA) adolescents (12–17 years). We presented three neutral female faces (conditioned
stimulus, CS) in three contingent relations with an unconditioned stimulus (UCS, a shrieking female
scream) in three virtual room contexts. The degree of contingency between the CSs and the UCSs varied
across the rooms: in the predictable scream condition, the scream followed the face on 100% of trials; in
the unpredictable scream condition, the scream and face appeared randomly and independently of each
other; in the no-scream condition the CS was presented in the absence of any UCS. We found that the LA
adolescents showed higher levels of fear-potentiated startle to the faces relative to the rooms. This dif-
ference was independent of the contingency condition. The HA adolescents showed non-differential star-
tle between the CSs, but, in contrast to previous adult data, across both cue types displayed lowest startle
to the unpredictable condition and highest startle to the no-scream condition. Our study is the first to
examine context conditioning in adolescents, and our results suggest that high trait anxiety early in
development may be associated with an inability to disambiguate the signalling roles of cues and con-
texts, and a mislabelling of safety or ambiguous signals.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction substantial neural development may shape how persistent fears
Anxiety problems are common, persistent, and debilitating,
exerting huge costs for individuals and society (Olesen,
Gustavsson, Svensson, Wittchen, & Jonsson, 2012). Understanding
the mechanisms by which anxiety problems arise or abate has
therefore become a priority (Beddington et al., 2008). At least half
of adult anxiety problems will have their onset by the age of
18 years (Gregory et al., 2007), and by focusing on early individual
differences, we can develop a model that enables anxiety to be
addressed early, with the aim of reducing long-term burden. In
addition, on-going changes in brain function during adolescence
exert long-term influences on patterns of behaviour in adulthood
(Burnett, Sebastian, Cohen Kadosh, & Blakemore, 2011). This
emerge in a way that may contrast with how they emerge in adults.
In adult anxiety models, conditioning theory has highlighted

the role of associative learning between explicit cues and aversive
outcomes in producing fear responses. High-anxious adults show
greater fear to a threat cue (conditioned stimulus (CS+); a stimulus
which has been followed by an aversive unconditioned stimulus
(UCS)) than their low-anxious counterparts (Lissek et al., 2005),
and also manifest more fear to non-threat cues (CS�; a stimulus
which is never followed by a UCS). Such fear responses to CS� cues
in high-anxious adults have been attributed to stimulus generalisa-
tion (Dunsmoor, Mitroff, & LaBar, 2009; Haddad, Pritchett, Lissek, &
Lau, 2012; Lissek et al., 2008, 2009).

Although conditioning of discrete cues seems best suited for
explaining transient fear states in both anxious and low-anxious
individuals, context conditioning, or conditioning to diffuse
non-specific ‘background’ cues, has been used to explain situations
of more generalised and sustained fear responses, in other words,
anxiety. Previous work with healthy adults suggests that contex-
tual fear is greater under conditions when the CS/UCS association
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is less predictable, that is, when the UCS does not reliably follow
the CS (Grillon, Baas, Cornwell, & Johnson, 2006). A small body of
literature investigating contextual fear in anxious adults tenta-
tively suggests that the enhanced response under unpredictable
circumstances is even greater in high anxious individuals (Baas,
2012).

While developmental perspectives on anxiety emphasise the
importance of extending this work to adolescents, the limited
available data in this area focuses more on children than adoles-
cents (Craske et al., 2008; Field & Storksen-Coulson, 2007;
Waters, Henry, & Neumann, 2009) – and none, to our knowledge,
pertains to contextual (as opposed to cued) fear responses. One
reason for the paucity of fear conditioning studies in adolescents
is balancing practical and ethical considerations. Electrical shocks,
the most powerful UCS in adults, may not be appropriate for ado-
lescents. Less noxious UCSs however, such as loud sounds and
unpleasant photographs, whilst useful in working with children,
provoke minimal fear in the adolescent age range (Lau et al.,
2008). To address this problem, a paradigm which has recently
been introduced uses a piercing female scream as the aversive
UCS. The ‘screaming lady paradigm’ has been successfully used in
both healthy and clinical non-adult populations both in the US
and the UK (Haddad et al., 2012; Lau et al., 2008, 2011). Lau and
colleagues used this procedure in a sample of anxious and
low-anxious adolescents and found that while all adolescents
could discriminate between threat and safety cues, anxious adoles-
cents show enhanced fear to both (Lau et al., 2008). It remains to be
determined whether high anxious adolescents generalise their fear
to the context in which the fear conditioning occurs, and the extent
to which anxiety-associated differences emerge under predictable
and unpredictable conditions.

The current study combined the screaming lady paradigm (Lau
et al., 2008) and a discriminative cued-conditioning paradigm,
with measures of context learning (Grillon et al., 2006) to investi-
gate differences in cue and context threat learning in high anxious
and low anxious adolescents. Here, three neutral facial expressions
appeared under one of three contingency conditions. In the pre-
dictable scream contingency condition (P), the CS+ was always fol-
lowed by the scream, whereas in the unpredictable scream
contingency condition (U), a different face (CS�U) and the scream
appeared pseudo-randomly with a minimum gap of 2 s between
them. In the no scream contingency condition (N), a third face served
as the CS�N but no screams occurred. To index fear, we used
fear-potentiated startle (FPS) that is electromyography of the eye-
blink startle reflex to an airpuff. Fear-potentiated startle responses
represent a low-invasive, easily controllable measure of fear.
Moreover, the operational procedure is comparable in humans and
animals, which is particularly attractive as the underlying neural
networks are well-documented in the animal model (Grillon,
2002). Based on previous models of CS/Context conditioning interac-
tions (e.g. Rescorla & Wagner, 1972), we expected to observe a dif-
ferential FPS response to the discrete CS+ cue and the CS� cues,
and between the three contexts (independent of individual anxiety
levels) due to the different CS–UCS contingencies. Specifically, we
predicted greater contextual FPS to U relative to P and N, and
expected to observe greater cued startle response to the CS+ relative
to the CS� (independent of contingency condition). Importantly,
based on prior data on cue conditioning and stimulus generalisation
in anxious vs. low-anxious individuals, we predicted that (1) HA ado-
lescents would show increased FPS responses to the discrete CS+ and
both CS� cues than LA adolescents independent of contingency con-
dition and that this group difference may be particularly large for the
CS� cues and (2) HA adolescents would exhibit greater FPS
responses to the room context cues, and based on adult data, tenta-
tively, this anxiety-related difference would be greatest to the room
in the unpredictable contingency condition.
2. Methods

2.1. Participants

For the current study, we created a large recruitment pool of
2000 children and adolescents from local schools, who were
screened for state and trait anxiety levels (Spielberger, Gorsuch,
Lushene, Vagg, & Jacobs, 1970). Participant selection then focused
on the highest and lowest scoring 5% of the sample (based on the
trait anxiety score). The final sample reported here consisted of
43 participants, of whom 24 were low anxious (LA) (mean age:
14.0, SD: 1.2 years, 7 female) and 19 were high anxious (HA) (mean
age: 14.6, SD: 1.6 years, 9 female). See also Table 1 for trait and
state anxiety distribution in the two groups. An additional 6 LA
and 11 HA participants were tested but not included in the current
analyses due to technical difficulties leading to incomplete/invalid
data (5 participants), or lack of reliable eye blink responses (i.e.,
blinks on less than 75% of trials, 12 participants). Participants
self-reported no history of psychiatric illness or learning difficulty,
which was corroborated by the school. Informed consent was
obtained from the participant’s primary caregiver, and informed
assent was obtained from all participants prior to testing. The
study was approved by the local ethics committee at the
University of Oxford. All participants received a £10 Amazon vou-
cher for taking part in the study.
2.2. Psychophysiological apparatus

We recorded the fear-potentiated eye-blink startle reflex in
accordance with guidelines set out in Blumenthal et al. (2005).
Stimulation and recording were controlled by Psychlab (Contact
Precision Instruments, London, UK) and E-prime 2.0 software
(Psychology Software Tools, Pittsburgh, PA). Electromyography
(EMG) recordings of the eye-blink startle reflex were made with
two 4 mm Ag–AgCl electrodes placed beneath the left eye over
the orbicularis oculi muscle, approximately 25 mm apart. A third
electrode was placed onto the tip of the nose and served as a base-
line reference. EMG activity was sampled at 1000 Hz, with ampli-
fier bandwidth set to 25–500 Hz. To elicit the fear-potentiated
eye-blink response, we used a 40 ms air-puff startle probe of med-
ical 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. The headpiece allowed the participants
to move their head 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 cor-
nea. A solenoid valve with an AC switch controlled delivery of the
air-puffs. Prior to testing, air pressure was set at 0.7 bar initially
(measured at the level of the regulator), but this was adjusted for
each participant individually. Pressure was set at the minimal level
required to elicit reliable blinking during a test block of six succes-
sive startle probe presentations.
2.3. Conditioning paradigm

We combined a classical, discriminative cued-conditioning
paradigm (Lau et al., 2008) with a context variable. Photographs
of three female faces with neutral expressions from the NimStim
face stimulus set1 served as specific threat-cue (CS+) and
safety-cues (CS�), each appearing in one of three contexts (three pic-
tures of rooms in a house, see Fig. 1). The UCS was a 95 db. female



Table 1
Age, gender and Spielberger State-Trait Anxiety Inventory scores for both anxiety
groups (HA = High anxious; LA = Low anxious group).

Group Mean/SD Between group comparison (t-test)

Age LA group 14.1/1.2 t(41) = �1.34, p = .186
HA group 14.6/1.4

Gender LA group 7 female/14 male X2(41) = 2.44, p = .118
HA group 9 female/10 male

Trait LA group 28/4.3 t(41) = �15.0, p < .001
HA group 46/3.4

State LA group 29/3.3 t(41) = �6.45, p < .001
HA group 39/7.0
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scream, lasting for 750 ms. Each face-room pairing appeared under
one of three contingency conditions (Predictable (P), Unpredictable
(U), No scream (N)), with different faces serving as CS+ and two
CS� cues. Specifically, in the P condition, the CS+ was always fol-
lowed by the scream, whereas in the U condition, the face (CS�U)
and the scream appeared pseudo-randomly with a minimum gap
of 2 s between them. In the N condition, a different face served as
the CS�N but no screams occurred. The room to cue allocation and
allocation of face identities was counterbalanced across participants.
Each trial began with the onset of the relevant room picture, which
remained on the screen for 10 s. At a random time-point during each
10-s trial, the face picture appeared for 2 s, with the picture of the
face superimposed on the picture of the room. In the predictable
and unpredictable conditions, the unconditioned stimulus (the
scream) was presented once for 750 ms either in conjunction with
the face (CS+) (same offset time) or separate from the face (CS�N).
Within each 10 s trial, two air puffs were delivered, one when only
the room was present, to provide a measure of startle to the room
(i.e., room only baseline startle, to measure contextual fear) and a
second one when the room and face were both present to provide
a measure of the startle response towards the conditioned face stim-
ulus (to measure cued fear). The air puffs were presented with a
minimum time gap of 3 s between them to allow the EMG response
to return to baseline. Further, the puffs never appeared within 2 s
after stimulus onset (i.e. a room or face picture), so that the startle
responses were not affected by the pre-pulse inhibition effect. To
avoid predictability, we created 6 pseudo-randomised puff
sequences (for baseline and face puffs), which were identical for
the three contexts. Finally, the face puff was delivered for each face
stimulus presentation, whereas the room-alone puff was delivered
on 75% of the trials only, to avoid unnecessary habituation. More fre-
quent airpuffs associated with the face cues than to the room only
cues may have confounded the difference in startle between these
stimuli. However it is not uncommon to find greater startle to dis-
crete threat cues than to contextual cues (e.g. Brasser & Spear
(2004)). Future studies could include pleasantness ratings of the air-
puff probes to see whether there are differences across individuals in
how aversively these were experienced. Each 10-s trial for each
room/cue condition was shown 24 times, resulting in 72 trials.
Presentation order of the three room/cue conditions was randomised
across participants.
2.4. Procedure

All testing took place in a quiet room in the participant’s school.
Prior to testing, the set-up and experimental procedure were
explained in detail and informed assent was obtained. The EMG
electrodes and the startle headpiece were then fitted, and the
air-puff pressure was set at an appropriate level (see apparatus
and materials). Next, three startle probes were delivered to habit-
uate the startle reflex and to verify whether the air pressure was
sufficiently strong to elicit a reliable blink response. The task
consisted of a short practice phase, during which the participants
experienced each of the three contexts once and heard the scream
once, and an acquisition phase (72 trials).

2.5. Contingency awareness questions

Immediately following the acquisition phase, participants were
shown a picture of the three rooms and asked the following ques-
tions: (1) Which room would you least want to go back into? (2)
Which room had the least amount of screaming? Participants were
then shown a picture of the three faces and asked the following
questions: (1) Which person would you least like to see again?
(2) Which person did the least amount of screaming?
Participants’ room and face choices were recorded manually and
entered into an Excel sheet for further analysis.

2.6. Data processing and analysis

For the EMG data pre-processing, the 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; blinks which began before or after this window were dis-
carded (<10%), as these blinks were not deemed to represent gen-
uine startle responses to the air puff probe. Excessively noisy trials
were also discarded (<10%). Peak blink amplitude within 150 ms of
startle probe onset was determined. The mean EMG level for the
50 ms preceding the onset latency window (i.e. baseline) was sub-
tracted from the peak amplitude, generating the critical outcome
measure for each trial. Raw EMG magnitudes were standardised
using within-subject T-score conversions (see Figs. S1 and S2 for
the mean startle response in all conditions, both t-scores (Fig. S1)
and raw scores (Fig. S2)). Participants who had valid blinks for fewer
than 75% of trials (n = 12) were excluded from the EMG analyses. For
each participant, mean standardised blink amplitude was calculated
for what we henceforth refer to as two ‘cue types’ in each contin-
gency condition for the face startle (3 levels: CS+

p, CS�U, CS�N), and room
only baseline startle (3 levels: Roomp, RoomU, RoomN).
3. Results

3.1. Psychophysiological responses

3.1.1. Fear responses differ for the three contingency conditions
In a first analysis, mean EMG startle amplitudes for each room

and face in the three contingency conditions were subjected to a
3 � 2 Analysis of Variance (ANOVA), with contingency condition
(3 levels: Predictable, Unpredictable, No-scream) and cue type (2
levels: face, room only (henceforth: room)) as the within-subject
factors. All F-values are Huynh-Feldt corrected and all t-tests are
two-tailed.

We found that both main effects for contingency condition and
cue type were significant [Main effect of contingency condition:
F(2,84) = 9.14, p < .001, gp2 = .171; Main effect of Cue type:
(F(1,42) = 13.32, p < .001, gp2 = .024)]. The interaction between
the two factors was also significant (F(2,84) = 7.32, p < .001,
gp2 = .148) (Table 2) (Fig. 2). Further analysis established that this
effect was driven by higher startle responses to the face cue in
comparison to the room only in the P context (CS+

P > RoomP,
(t(42) = �5.88, p < .001., 95%CI [�12.82, �6.45]) and in the N context
(CS�N > RoomN, (t(42) = �2.61, p = .012., 95%CI [�7.47, �1.16]),
whereas the face cue and the room only did not differ in the U con-
text (CS�U = RoomU, (t(42) = .468, p = .642, 95%CI [�3.42, 6.66]). We
also found that fear responses to the face cue differed across the
three contingency conditions (F(2,84) = 14.05, p < .001, gp2 = .251),
with CS+

P > CS�U (t(42) = 4.60, p < .001., 95%CI [6.48, 15.69]) and



Fig. 1. Experimental design used in the current study. Top panel: Time course of one sample trial showing the predictable scream condition. Bottom panel: Timing of CS+, UCS
and CS� in the three contexts during the acquisition phase. Note that the three contingency conditions were shown in randomized order.

Table 2
Acquisition phase: analysis of variance for the factors Contingency condition � Cue
type (collapsed across groups).

Effect Acquisition

Contingency condition F(2,84) = 9.14, p < .001, gp2 = .171
Cue F(1,42) = 13.32, p < .001, gp2 = .024
Contingency condition � cue F(2,84) = 7.32, p < .001, gp2 = .148

Fig. 2. EMG startle responses show a significant contingency type � cue type interaction d
groups. Error bars depict 1 standard error of the mean.
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CS+
P = CS�N (t(42) = .562, p = .577, 95%CI [�2.27, 4.15]) and CS�U < CS�N

(t(42) = �3.71, p = .001., 95%CI [�15.52, �4.97]). Finally, fear
responses to the three room-only cues did not differ
(F(2,84) = 2.60, p = .080, gp2 = .058).

3.1.2. Group differences in startle response in the three contingency
conditions

Mean EMG startle amplitudes for each room and face in the
three contingency conditions were subjected to a 3 � 2 � 2
uring the acquisition phase. Note that startle responses are collapsed across the two
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Analysis of covariance (ANCOVA), with contingency condition (3
levels: Predictable, Unpredictable, No-scream) and cue type (2
levels: face, room) as the within-subject factors and anxiety group
(2 levels: LA, HA) as the between-subject factor. Gender was
included as a covariate in the analysis.

As with our first set of analysis, the 2-way interaction between
contingency and cue-type emerged as significant. In addition, we
found a main effect of anxiety group (see Table 3 for all effects
and Fig. S1 for the mean startle response in all conditions for each
group), that is, HA individuals showed greater startle responses
overall than LA individuals. While the 3-way contingency
Table 3
Acquisition phase: analysis of covariance (ANCOVA) for the factors Contingency
condition � Cue type � Group + Gender Covariate.

Effect Acquisition

Contingency condition F(2,80) = 9.45, p < .001, gp2 = .191
Group F(1,40) = 4.96, p = .032, gp2 = .061
Cue F(1,40) = 0.85, p = .363, gp2 = .021
Contingency condition � group F(2,80) = 8.65, p < .001, gp2 = .178
Cue � group F(2,80) = 5.10, p = .029, gp2 = .192
Contingency condition � cue F(2,80) = 5.22, p = .007, gp2 = .113
Contingency condition � cue � group F(2,80) = 1.86, p = .162, gp2 = .045

Fig. 3. EMG startle responses show a significant cue type � anxiety group interaction du
contingency conditions. Error bars depict 1 standard error of the mean. Abbreviations: H

Fig. 4. EMG startle responses show a significant contingency condition � anxiety group
across cue type. Error bars depict 1 standard error of the mean. Abbreviations: HA = hig
condition � cue type � anxiety group interaction was not signifi-
cant (F(2,80) = 1.86, p = .162, gp2 = .045), there was a significant
cue type � anxiety group interaction (F(2,80) = 5.10, p = .029,
gp2 = .192) and a contingency condition � anxiety group interac-
tion (F(2,80) = 5.22, p = .007, gp2 = .178).

To decompose the cue type � anxiety group interaction, we
compared the startle responses to the different cues (face, room)
within each group (HA, LA) separately. This analysis showed that
the LA group discriminated between the face (the CS) and the room
only (t(23) = 4.40, p < .001, 95%CI [�8.41, �3.83]) whereas the HA
group did not (t(18) = 1.19, p = .250, 95%CI [�6.66, 1.85]) (Fig. 3).
Note that this analysis is collapsed across contingency conditions.
In the LA group, participants exhibited stronger startle responses
to the face cues (53 t-score) than to the room-only probes (47
t-score). Looking at anxiety-group differences to faces and rooms
separately, we did not find any significant differences in startle
response between the two groups to either face cues:
(t(41) = 1.80, p = .079, 95%CI [�.358, 6.26]; or room cues:
t(41) = �.397, p = .693, 95%CI [�2.19, �1.47]).

To decompose the contingency condition � anxiety group
interaction, we compared the startle responses in the different
contingency conditions (P, U, N) separately within each group
(HA, LA) (see Fig. 4). Note that this analysis collapsed across cue
ring the acquisition phase. Note that startle responses are collapsed across the three
A = high anxious group; LA = low anxious group.

interaction during the acquisition phase. Note that startle responses are collapsed
h anxious group; LA = low anxious group.



Table 4
Pearson Chi-square analyses of the contingency awareness results. (HA = high anxious
group; LA = low anxious group, N = no scream condition, P = predictable scream
condition, U = unpredictable scream condition).

Question Group P U N Pearson c2 (2, N = 42)

Room cue
Avoid LA 10 6 8 =.307, p = .858

HA 6 5 7
Least screams LA 2 5 17 =5.79, p = .055

HA 7 2 9

Face cue
Avoid LA 9 6 9 =.445, p = .801

HA 5 5 8
Least screams LA 6 3 15 =.700, p = .705

HA 4 4 10
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type (i.e., faces vs. room only probes). The LA group exhibited sim-
ilar startle responses in the three contingency conditions, i.e., the
simple main effect of contingency condition was not significant
in the LA group (F(2,80) = 0.31, p = .735, 95%CI [�5.98, 2.69]); how-
ever the simple main effect of contingency condition was signifi-
cant in the HA participants (F(2,80) = 19.4, p < .001, 95%CI [�15.4,
4.7]). Interestingly and in contrast to previous adult data (e.g.,
Haddad et al., 2012), this effect was primarily driven by a reduction
in startle to the unpredictable condition (collapsed across face and
room only), compared to the predictable condition (t(36) = 4.36,
p < .001, 95%CI [5.70, 15.45]) and the no-scream condition
(t(36) = 5.63, p < .001, 95%CI [�20.34, �9.5]) (Fig. 4). Examining
anxiety-group differences for each contingency condition sepa-
rately, HA adolescents exhibited greater startle responses to the
N condition (t(41) = 2.19, p = .034, 95%CI [�7.79, �.316]) and lower
responses to the U condition relative to LA adolescents
(t(41) = 4.06, p < .001, 95%CI [4.51, 13.43]).

3.2. Contingency awareness questions

We used a Pearson Chi-square analysis to assess whether there
were systematic differences in the response to the contingency
awareness questions in both groups. Groups did not differ in
how much they reported wanting to avoid rooms or faces across
the three contingency conditions. However, compared to the HA
group, the LA group was more aware that there were fewest
screams in the no scream context (X2 (2, N = 42) = 5.79, p = .055)
(see Table 4 for all results).

4. Discussion

In the current study, we investigated fear conditioning to cues
and contexts under predictable and unpredictable contingency
conditions, using startle responses to CSs that were either paired
or not paired with a UCS as indices of cued fear, and startle
responses to rooms only as our measure of context fear. We pre-
dicted that combining a cued-conditioning paradigm with a con-
textual contingency component would elicit differential fear
responses in all participants. Associative learning theory predicts
that conditioning to CSs should be stronger in contexts in which
the CS is predictive of the UCS (e.g., Rescorla & Wagner, 1972).
On the basis of this prediction and previous work with
non-human animals and adult humans (for a review see Bouton,
2002), we predicted that across groups, participants would exhibit
increased startle responses to the screaming face cue in the P con-
tingency condition, intermediate startle responses in the U contin-
gency condition, and lowest startle responses for the N
contingency condition. These predictions were only partially sup-
ported by our data. That is, while we did find increased
fear-potentiated eye-blink startle responses for the screaming face
in the P contingency condition and lower startle responses in the
unpredictable contingency condition, face-cue dependent
responses in the N contingency condition remained significantly
increased (in comparison to the U contingency condition). These
data suggest that while our sample of adolescents learned to fear
a ‘predictable’ face-cue (i.e. the P contingency condition), they
did not learn to fear a CS that was presented in a ‘safe’ context
i.e. the N contingency condition.

However these findings were moderated by trait anxiety. In our
main analysis, we addressed the question of how individual differ-
ences in trait anxiety modulated fear startle responses to the dis-
crete face cues and the room context during development under
different contingency conditions. Based on prior fear conditioning
and stimulus generalisation data in high and low anxious adults,
we predicted that HA adolescents would show increased fear
responses across all the discrete cues (CS+ and both CS� faces)
but particularly the CS� faces than LA adolescents. We also
hypothesised that HA adolescents would exhibit higher contextual
fear, and based on adult data, we tentatively predicted that HA
adolescents would show increased contextual room fear in the
unpredictable condition. Finally, we explored to what extent trait
anxiety levels a priori determined contingency awareness during
cue and context learning.

Our startle results showed a number of different patterns of fear
responding in HA vs. LA adolescents. First there was a main group
effect, which suggested HA showed greater fear responses than LA
adolescents. This is perhaps not surprising seeing as anxiety is
characterised by greater general fear. This result acts as supporting
evidence for the validity of the paradigm to evoke relevant features
of anxiety disorders in a controlled experimental setting. Second,
while LA adolescents showed greater fear to the face cues than
the room-only cues, HA adolescents displayed a
non-discriminatory startle response to these cues. The
non-significant 3-way interaction meant that this inability to dif-
ferentiate occurred across all three contingency conditions. By con-
trast, our results showed that HA adolescents were instead more
sensitive to the different contingency conditions – showing a
greater fear to both cues in the predictable and no-scream contin-
gency conditions relative to the unpredictable contingency condi-
tions. Finally, we also found that HA adolescents were less aware
that there were fewest screams in the N condition than their LA
counterparts.

Our findings suggest that low-anxious participants were able to
recognise the ‘‘belongingness’’ between the discrete faces and the
UCS (but not the room contexts and the UCS), focusing fear
responding on the stimuli that had higher belongingness with
the scream. The concept of ‘belongingness’, which is sometimes
also referred to as ‘preparedness’ (Hamm, Vaitl, & Lang, 1989;
Seligman, 1971), refers to the finding that specific contingency
associations between cues and aversive stimuli are more easily
learned than others. In this case, LA participants may have reason-
ably expected that a face was more likely to start screaming than
an empty room (because of previous experiences for example) thus
giving rise to the increased fear of all the face cues compared to the
rooms only. In contrast, high anxious adolescents generalised their
fear across the two cue types (faces and rooms) by exhibiting an
indiscriminate fear response between them. Such a pattern of
results may also be consistent with stimulus generalisation (across
discrete cues and context cues) seen in the HA group. Whereas pre-
vious research has shown that anxiety disorders are characterised
by overgeneralisation of fear responses from threat to safety cues
(Lissek et al., 2010), here we show that in high anxious adolescents,
this fear to the threat cue may even generalise to diffuse
non-specific room only baseline cues (i.e. the wider context in
which the UCS appears).

Interestingly, this generalised and non-differential fear
response to the face and room cues amongst HA adolescents did
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appear to vary across the three contingency conditions in unex-
pected ways. When the scream was predictable from the presence
of the face cue, stronger startle responses emerged to both face and
room, compared to when the scream was unpredictable. It may be
that the HA adolescents had correctly learned that the face cue and
scream were consistently paired in this predictable condition – and
therefore generalised their fear to the face cue as well as the room
cue. This finding suggests a fundamental disruption in the normal
competitive process between learning about cues and contexts on
the basis of predictiveness (e.g., Msetfi, Murphy, Simpson, &
Kornbrot, 2005; Rescorla & Wagner, 1972).

The somewhat surprising finding was that HA adolescents
showed significantly lower startle responses in the unpredictable
context. This contrasts with the small number of adult studies
which have reported potentiated startle in unpredictable contexts
compared to predictable contexts (Grillon et al., 2006), and
enhanced contextual fear under unpredictable circumstances in
high anxious individuals in particular (Baas, 2012). Our results
may be driven by anxious adolescents engaging in cognitive avoid-
ance of the unpredictable condition, which superficially reduces
the fear response in this context. Alternatively, enhanced vigilance
in typical adults can sometimes also inhibit the startle reflex.
Specifically, Löw and colleagues investigated changes in emotional
arousal during the anticipation of potentially aversive events (Low,
Lang, Smith, & Bradley, 2008) and found that immediately prior to
aversive events, startle responses decreased, an effect that the
authors suggested runs in line with the defense cascade model
(Lang, Bradley, & Cuthbert, 1997). With regards to the substantial
neural and cognitive development that occurs during adolescence,
such a response pattern in high anxious individuals may well help
shape the use of behavioural or cognitive strategies in a way that
differs to that low anxious adolescents (Blakemore, 2008; Burnett
et al., 2011; Cohen Kadosh, Heathcote, & Lau, 2014; Cohen
Kadosh, Linden, & Lau, 2013). If this result reflects an important
developmental stage, tracking the emergence of anxiety responses
using discrete cues and contexts may provide a unique window on
the development of learning mechanisms.

Our results also indicate that startle responses in HA adoles-
cents were significantly increased in the N contingency condition
in comparison to the U contingency condition, despite the fact that
no screams occurred in this context. It may be that neutral stimuli
are viewed as more threatening in anxious samples – this would be
consistent with other findings in the literature showing that neu-
tral faces are experienced as more fearful in anxious than
non-anxious individuals (Yoon & Zinbarg, 2008). Moreover, the
contingency learning data found that fewer of our HA participants
knew that the N condition was associated with fewer screams.

While our findings contrast somewhat with those of adults, in
which anxious individuals show greater, generalised contextual
fear under conditions of unpredictability, they nonetheless add to
an important area of research. That is, our results seem to suggest
that the generality of the conditioning account needs to be further
differentiated to accommodate differences in the selectivity of asso-
ciative learning for the two groups. That is, our LA group showed
relatively flat discrimination across contingency conditions but
could discriminate between face and room cues. Our HA group,
however, were unable to differentiate between the face and room
cues but were sensitive to contingency differences. It remains to be
determined whether the observed differential learning pattern
across trait anxiety is specific for adolescence as a developmental
period. Alternatively the more surprising aspects of findings,
namely the observed group differences may reflect specific design
intricacies. We also note that the slightly skewed gender distribu-
tion in our sample (which is not representative of high anxiety
samples in general) might have affected the results further and this
should be addressed in future studies.
Few studies to date have investigated anxiety-group differences
in fear conditioning during development (Craske et al., 2008; Lau
et al., 2008, 2011; Liberman, Lipp, Spence, & March, 2006;
Waters, Neumann, Henry, Craske, & Ornitz, 2008), and all of these
studies have used discrete cued conditioning, a paradigm that is
best suited for explaining transient fear states in both anxious
and low-anxious individuals. The present study extends these pre-
vious findings by using a context conditioning paradigm with ado-
lescents. This novel combination not only contributes to a better
understanding of the developmental trajectory of anxiety in gen-
eral, but also specifically to our understanding of more generalised
and sustained fear responses.

5. Conclusions

The current study investigated anxiety-associated differences in
threat-learning in different context conditions to gain a better
understanding of how sustained anxiety develops in adolescents,
a key developmental stage for the onset of anxiety disorders. We
were particularly interested in investigating how individual differ-
ences shape fear-learning in a sample of adolescents. We were able
to show several differences between the HA and LA adolescents:
HA adolescents failed to discriminate between faces and room cues
(generalising fear from one to the other) – but were sensitive to
differences across contingency conditions albeit in an unexpected
way. This paradigm has not yet been conducted in high and low
anxious adults. Future research would need to verify whether
these anxiety group differences also occur in adults to confirm
whether the reported group differences here are genuinely devel-
opmental differences in the nature of how anxiety is expressed
in fear learning – or in fact are differences associated with the par-
ticular paradigm used. Nonetheless, gaining a better understanding
of how anxiety levels influence learning during development is
important, because this will have a knock-on effect on behaviour
downstream, particularly in the acquisition of stable behavioural
response patterns.
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