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Abstract Individuals with anxiety disorders demonstrate
altered cognitive performance including (1) cognitive biases
towards negative stimuli (affective biases) and (2) increased
cognitive rigidity (e.g., impaired conflict adaptation) on
affective Stroop tasks. Threat of electric shock is frequently
used to induce anxiety in healthy individuals, but the extent
to which this manipulation mimics the cognitive impairment
seen in anxiety disorders is unclear. In this study, 31 healthy
individuals completed an affective Stroop task under safe
and threat-of-shock conditions. We showed that threat (1)
enhanced aversive processing and abolished a positive
affective bias but (2) had no effect on conflict adaptation.
Threat of shock thus partially models the effects of anxiety
disorders on affective Stroop tasks. We suggest that the
affective state of anxiety—which is common to both threat
and anxiety disorders—modulates the neural inhibition of
subcortical aversive processing, whilst pathologies unique
to anxiety disorders modulate conflict adaptation.
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Anxiety disorders are alarmingly prevalent—over 25% of
the population is likely to suffer from one of these disorders
at some point in their lives (Kessler, Berglund, Demler, Jin,
Merikangas, & Walters, 2005)—and they carry enormous
economic and emotional costs for both individuals and
society (Beddington et al., 2008). In addition to their

affective symptoms, anxiety disorders are associated with
alterations in cognitive performance. Individuals with
anxiety disorders, for example, demonstrate affective biases
towards aversive stimuli, an effect that can serve to both
stimulate and uphold a state of anxiety (Mogg & Bradley,
2005). One task that can reveal these biases is the affective
Stroop task (Becker, Rinck, Margraf, & Roth, 2001; Etkin,
Prater, Hoeft, Menon, & Schatzberg, 2010), in which
subjects are asked to identify stimuli in the face of
(congruent or incongruent) distractors. Anxiety disorders
are associated with negative affective biases (i.e., bias
towards processing aversive stimuli and away from appe-
titive stimuli) on classic versions of the affective Stroop
(where affective distractors compete for attention with
nonaffective targets; Becker et al., 2001). Moreover, on an
adaptation of the Stroop task in which the targets and
distractors are both emotional stimuli (which is typically
more effective at eliciting response conflict effects in
healthy adults, because both targets and distractors compete
for affective responses; Buhle, Wager, & Smith, 2010;
Etkin, Egner, Peraza, Kandel, & Hirsch, 2006), anxiety
disorders have also been shown to abolish conflict
adaptation. More specifically, although healthy individuals
are slower to respond to incongruent than to congruent
stimuli (due to interference from the incongruent distrac-
tor), the response to incongruent (or conflict) trials is faster
when the previous trial was also incongruent. This is
referred to as conflict adaptation and is an example of
cognitive flexibility. Flexibility on this adapted Stroop task
(Etkin et al., 2010) is absent in individuals with generalized
anxiety disorder and panic disorder (Chechko, Wehrle,
Erhardt, Holsboer, Czisch, & Sämann, 2009; Etkin et al.,
2010), suggesting that anxiety disorders are associated with
reduced cognitive flexibility in addition to the negative
affective biases.
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Affective biases and altered cognitive flexibility may,
however, be driven by distinct mechanisms. Conflict adapta-
tion may depend on “top-down,” cortically mediated cognitive
control (Egner & Hirsch, 2005; Etkin et al., 2006), whilst
affective biases may result from a combination of altered
“bottom-up,” subcortical affective processing (Robinson &
Sahakian, 2009b) and “top-down” control of these processes
(Bishop, 2007; Shackman, Maxwell, McMenamin, Greischar,
& Davidson, 2011). Any of these processes, alone or in
combination, may be impacted by anxiety disorders. As such,
understanding the normative underlying mechanisms of these
emotional and cognitive processes is critical for a full
comprehension of their dysfunction in psychopathology
(Kupfer, First, & Regier, 2002).

One approach to clarifying the role of a given symptom in
the overall pathology of a psychiatric disorder is to reproduce
that symptom in healthy individuals (or animal models) and to
examine its effect on task performance. For anxiety disorders,
this can be achieved using various procedures, including
threat of shock (Grillon, 2008a, 2008b), fear conditioning
(Bishop, 2007), and acute tryptophan depletion (Robinson &
Sahakian, 2009a, 2009b). Here, we focus on the threat-of-
shock paradigm, in which healthy individuals receive
infrequent and unpredictable electric shocks. During threat
periods, subjects demonstrate robust increases in subjective
and physiological signs of anxiety (Grillon, 2008b), in-
creased vigilance towards novel stimuli (Cornwell et al.,
2007), elevated amygdala reactivity (Phelps et al., 2001),
attenuated reward anticipation (Ryan & Diego, 2006), and
impaired spatial working memory (Erk, Kleczar, & Walter,
2007; Lavric, Rippon, & Gray, 2003; Shackman et al.,
2006). A large number of studies have demonstrated elevated
startle reflex under threat of shock (Grillon, 2008b), but the
extent to which experimental anxiety induced by threat of
shock mimics other cognitive symptoms of anxiety, such as
affective biases and cognitive flexibility, is surprisingly
understudied. Given the effects of clinical anxiety on
cognitive performance, threat of shock in healthy individuals
should enhance aversive processing and reduce cognitive
flexibility, as indexed by conflict adaptation. However, to the
best of our knowledge, no studies have directly assessed
these effects. Here we therefore examine whether the effects
of threat of shock in healthy individuals mimic the affective
bias and reduced cognitive flexibility seen in individuals
with anxiety disorders on the affective Stroop task (Egner,
Etkin, Gale, & Hirsch, 2008; Etkin et al., 2006). Much can
be gained by developing experimental models of anxiety, but
not all facets of anxiety can be modelled in a single
paradigm, and it is critical to delineate the boundaries of
our experimental models.

Manipulating anxiety using the threat-of-shock paradigm
has significant advantages over measuring anxiety using state
and trait anxiety questionnaires (Hettema, Neale, & Kendler,

2001; Krug & Carter, 2010; Miu, Heilman, & Houser, 2008;
Osinsky, Alexander, Gebhardt, & Hennig, 2010; Shackman
et al., 2006). First, anxiety level is actually manipulated
within subjects, and thus findings can be linked directly to
this controlled, experimental manipulation. Second, in
questionnaire-based studies the effect of trait anxiety could
be due to other facets of personality rather than to anxiety
per se, which could obscure the interpretation of findings.
Finally, the threat paradigm still allows for the examination
of the effects of individual differences in trait anxiety,
enabling us to measure the impact of individual differences
in BIS/BAS (behavioural inhibition system/behavioural
activation system) processing in the present study. The BIS/
BAS scale is a widely used measure sensitive to individual
differences in appetitive approach (BAS) and aversive
avoidance (BIS) (Carver & White, 1994; Simon et al.,
2009). The BIS scale has been shown to correlate with
anxiety disorders, with higher scores indicating higher levels
of anxiety (Muris, Merckelbach, Schmidt, Gadet, & Bogie,
2001; for a review, see McNaughton & Gray, 2000). High
BIS scores are also associated with a number of anxiety-
related traits, including increased amygdala reactivity to
fearful faces (Cools et al., 2005), increased amygdala grey
matter (Barrós-Loscertales et al., 2006), impaired spatial
working memory (Shackman et al., 2006), elevated no-go
N2 and event-related negativity (ERN) amplitudes (Amodio,
Master, Yee, & Taylor, 2008), increased impact of daily
stressors on negative affect (Gable, Reis, & Elliot, 2000), and
reduced striatal activity to reward (Simon et al., 2009). As
such, amongst psychiatrically healthy individuals, higher
scorers on the BIS may indicate risk for the cognitive
disruptions seen in affective disorders (Shackman et al.,
2006), although it should be noted that recent studies have
failed to find an effect of BIS/BAS on conflict adaptation
(Osinsky et al., 2010). In a secondary analysis, we therefore
assessed the impact of individual differences in BIS and
BAS reward sensitivity on threat-modulated cognitive
performance.

In sum, we tested whether threat of shock successfully
mimics the cognitive disruption seen in anxiety disorders. We
predicted that, consistent with the effects of anxiety disorders
on cognitive performance, threat of shock, relative to safety,
would (1) facilitate negative affective processing and (2)
disrupt conflict adaptation on the affective Stroop task.

Method and materials

Subjects

A total of 31 physically and mentally healthy volunteers (28 ±
7 years; 16women) signedwritten informed consent approved
by the NIMH Human Investigation Review Board.
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Subjects responded to advertisements asking for healthy
volunteers. Physical and mental health of the participants was
determined by a physical examination performed by a
physician, a clinical interview conducted by a trained
psychologist using the Structured Clinical Interview for the
DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 2002),
and self-report of medication and drug use confirmed by
urine toxicology analysis. All participants were required to
be free of a medical condition that could interfere with the
study, past or current psychiatric disorders, and current use
of drugs or psychoactive medications. Other individual
clinical characteristics were assessed using the BIS/BAS
(Carver & White, 1994), the Beck Depression Inventory
(Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), the
Spielberger State–Trait Anxiety Inventory (Spielberger,
1983), and the fear-of-pain scales (Osman, Breitenstein,
Barrios, Gutierrez, & Kopper, 2002); see Table 1.

Procedures

Subjects completed the Stroop task followed by a
posttask face-rating task. The Stroop task was performed
under safe and threat conditions. The threat procedure
was based on previous paradigms (e.g., Cornwell et al.,
2007; Hasler, van der Veen, Grillon, Drevets, & Shen,
2010). Prior to starting the Stroop task, subjects were told
that they would receive between two and five shocks, and
they went through a shock workup procedure to control
for individual differences in the level of shock experi-
enced. The shock level was gradually increased until
subjects rated the shock as moderately painful. No more

than four shocks were administered during this workup.
To minimize habituation to the shock and maximize
unpredictability, participants actually received two shocks
during the experiment, each of which came at the end of
threat blocks. Trials immediately following shock were
excluded from analysis. Shock was applied to the wrist
using a commercial system (Psylab, London, U.K.). Shock
electrodes remained in place for the entirety of the
experiment.

The effectiveness of the threat condition was assessed
via 10-cm visual analogue scales (VAS) asking subjects to
rate how “anxious,” “afraid,” and “happy” they felt
following each safe and threat condition.

Stroop task The task was based on that used by both Egner
and Etkin (Egner et al., 2008; Etkin et al., 2006; see Fig. 1).
A face stimulus (happy/fearful) overlaid with a word
(“happy”/“fear”) appeared on a white background. The
stimuli were either congruent (e.g., fearful face + “fear”), or
incongruent (e.g., happy face + “fear”) Ekman faces
(Ekman & Friesen, 1976). The subject was asked to
identify the emotion of the face whilst ignoring the emotion
of the word (N.B.: This differs from more traditional
emotional Stroop tasks, in which subjects are asked to
identify nonemotional aspects [e.g., colour] of emotional
stimuli [e.g., words]; Ernst, 2010). There were five male
and five female faces, each of which displayed either happy
or fearful emotion (20 images total). Consistent with the
original task (Egner et al., 2008; Etkin et al., 2006), stimuli
were presented for 1,000 ms, followed by a jitter of 3,000–
5,000 ms (mean 4,000 ms), during which a central fixation
cross was displayed on a white background. Stimuli were
presented in pseudorandom order (counterbalanced for
equal numbers of congruent–congruent [CC], congruent–
incongruent [CI], incongruent–congruent [IC], and incon-
gruent–incongruent [II] stimulus sequences). The sex and
facial expression of the target stimuli were counterbalanced
across these trial types, and the proportion of response
repetitions to response alternations was the same (50%) for
all trial sequence types. There were no direct repetitions of
the same face, to avoid a priming effect.

The task was organised into (eight total) alternating threat
(four) and safe (four) conditions (order counterbalanced)
that were signalled to the subjects by the text “You may
receive an electric shock at some point during the next set of
trials” and “You are now safe from shock for this next set of
trials.” Subjects were informed that they would receive
shocks in the threat, but not in the safe, conditions (order
counterbalanced). Each condition consisted of 48 trials (50
during shock blocks) lasting approximately 3.1 min; the
duration of the whole task was 384 trials, or approximately
25 min total. Subjects completed an additional 16 practice
trials prior to commencing the experiment.

Table 1 Demographic characteristics

Demographic Measure (Total N = 31) Score SEM

Gender 16 female

Ethnicity 17 Caucasian

Age 28.0 7.6

Beck Depression Inventory 2.2 3.2

Behavioral Inhibition Scale (BIS) 18.6 3.9

subgroups 15.8 22.0 2.6 2.0

Behavioral Activation Scale (BAS)
Reward Responsiveness

17.8 2.0

subgroups 16.4 19.4 1.8 0.5

Behavioral Activation Scale (BAS)
Fun Seeking

12.2 2.4

Behavioral Activation Scale (BAS)
Drive

11.4 2.3

Fear-of-Pain Scale 67.2 19.0

Spielberger (1983) Trait Anxiety 29.7 7.1

Spielberger (1983) State Anxiety 26.5 5.5

SEM = standard error of the mean.
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Analytic methods Performance was assessed for accuracy
and reaction time (RT). Since each trial was defined as a
function of the preceding trial, trials on which the preceding
trials were errors were excluded. Additionally, to ensure
consistency with Egner et al. (2008), RT was calculated on
correct responses only. RT and accuracy were assessed in
separate general linear models, with condition (threat/safe),
previous trial (incongruent/congruent), current trial (incon-
gruent/congruent), and target valence (fearful/happy) as
within-subjects factors.

In order to examine the effect of individual differences in
behavioural avoidance and reward seeking sensitivity on
cognitive processing and threat response, subjects were
divided according to median split scores on the BIS and
BAS reward-seeking scales (Carver & White, 1994). These
median split BIS (high vs. low) and BAS (high vs. low)
groups were individually included in secondary ANOVAs
as between-subjects factors.

Conflict adaptation was assessed by examining the
interaction between the congruency of the previous and

current trials. Affective biases (differences in response to
fearful vs. happy faces) were assessed by examining
performance on current target valence. Interactions were
further assessed with post-hoc ANOVAs (Bonferroni
corrected) and correlation according to Spearman’s rho.

Face rating post-task To assess the comparability of the
different face stimuli across valences, a posttask was
performed in which subjects were presented with each of
the 20 images used in the main experiment and asked to
state the emotion on the face and then to rate “how
much” the face expressed that emotion on a 1–5 Likert
scale.

Results

RTs and error rates for all trial types are presented in
Table 2.

Fig. 1 The task was based on that used by both Egner and Etkin
(Egner et al., 2008; Etkin et al., 2006). The subject was asked to
identify the emotion of the face whilst ignoring the emotion of the

word. The task was organised into (eight total) alternating threat (four)
and safe (four) conditions, each containing 48 trials (plus 2 extra trials
following the shock)
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Manipulation check

Subjects rated themselves as significantly more “anx-
ious” [F(1, 29) = 15, p = .001] and “afraid” [F(1, 29) = 8,
p = .007], but not less “happy” [F(1, 29) = 2.8, p = .10],
during the threat condition relative to the safe condition.

Stroop task

We used two separate general linear models to examine RT
and accuracy, respectively.

Reaction time

The subjects were significantly faster on congruent
(712 ms) than on incongruent (745 ms) trials [main effect
of current trial: F(1, 30) = 99, p < .001]. Moreover,
consistent with Egner et al. (2008), the RT analysis revealed
a significant interaction between the congruency of the
previous and current trials [previous x current trial
interaction: F(1, 30) = 5.9, p = .02], which was driven by
significantly increased speed on II trials (740 ms) relative to
CI trials (749 ms) [main effect of previous trial on
incongruent trials: F(1, 30) = 5.3, p = .03]—that is, conflict
adaptation. In contrast, RTs on congruent trials were not
modulated by the congruency of the preceding trial [no
effect of previous trial on congruent trials: F(1, 30) = 1.2,
p = .28; Fig. 2a]. However, unlike Etkin et al. (2010), who
found a significant difference between healthy and
generalized-anxiety-disorder patients in the RT adjustment
associated with conflict adaptation during incongruent
trials, we found no effect of threat on conflict-related RT
adjustment during incongruent trials [no condition x
previous trial interaction in incongruent trials: F(1, 30) =
0.1, n.s.]. There was also no affective bias effect on RTs [no
threat x valence interaction: F(1, 27) = 1.5, p = .24], and as
with previous research using Spielberger’s state and trait

anxiety scales (Osinsky et al., 2010), individual differences
in BIS and BAS reward seeking did not impact conflict
adaptation.

Accuracy data

Subjects were more accurate on congruent (.14 errors)
than on incongruent trials (.21 errors) [main effect of
current trial: F(1, 30) = 55, p < .001]. There was also an
effect of threat of shock on affective bias [condition x
valence interaction: F(1, 30) = 8.6, p = .006]. This
interaction reflected a significantly enhanced accuracy
on fearful faces under threat (.16 errors) relative to safe
trials (.19 errors) [main effect of condition on fear face
trials; F(1, 30) = 13.8, p < .001] but no difference in
response to happy trials across conditions [no effect of
condition on happy trials; F(1, 30) = 0.3, n.s.]. Moreover,
increased accuracy on happy (.16 errors) relative to
fearful (.19 errors) trials in the safe condition led to a
positive bias [main effect of valence under safe condi-
tion: F(1, 30) = 4.6, p = .04], which was not present in the
threat condition [no effect of valence under threat: F(1,
30) = 1.6, p = .22; see Fig. 2b]. There was no conflict
adaptation effect on accuracy [no previous x current trial
interaction: F(1, 27) = 1.9, p = .18].

Accuracy interaction with BIS When BIS was included as
an extra factor in the accuracy ANOVA, there was a
significant interaction between the high- and low-BIS
groups in their accuracy on happy and fear face trials
[valence x BIS interaction: F(1, 29) = 11.8, p = .002]. This
interaction was driven by a significant positive affective
bias [higher accuracy on happy (.15 errors) than on fearful
(.19 errors) faces] in the low-BIS group [main effect of
valence in low BIS: F(1, 29) = 9.4, p = .005], which was
not present in the high-anxiety group [no effect of valence
in high BIS: F(1, 29) = 3.3, p = .08; see Fig. 3].

II IC CI CC

H F H F H F H F

Threat

Mean Error Rate .20 .19 .13 .10 .22 .17 .12 .13

SEM, Error Rate .03 .03 .03 .02 .03 .02 .02 .03

Mean RT 738 740 706 705 755 738 703 716

SEM, RT 10 11 11 10 12 11 11 12

Safe

Mean Error Rate .19 .23 .13 .12 .21 .22 .13 .20

SEM, Error Rate .02 .03 .02 .02 .03 .03 .03 .03

Mean RT 737 745 722 722 756 744 696 725

SEM, RT 10 11 11 12 11 10 8 12

Table 2 Reaction times (in
milliseconds) and error rates for
each variable (as a function of
trial type [II, IC, CI, CC] and
valence [happy, fear])

RT = reaction time, SEM =
standard error of the mean, H =
happy, F = fear, II = incongruent
preceded by incongruent, IC =
congruent preceded by incongru-
ent, CI = incongruent preceded
by congruent, CC = congruent
preceded by congruent.
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Accuracy interaction with BAS reward seeking When BAS
reward seeking was included as an extra factor in the
accuracy ANOVA, modulation of positive bias by threat
was shown to be influenced by individual differences in
reward seeking [threat x valence x BAS interaction: F(1,
29) = 7.1, p = .013]. This effect was driven by a significant
enhancement of fear-face accuracy under threat (.14 errors)

relative to safe (.20 errors) conditions in the low-BAS
reward seeking group [main effect of condition on fear
faces with low BAS: F(1, 29) = 11.5, p = .002] but not in
the high-BAS group [no effect of condition on fear faces
with high BAS: F(1, 29) = 3.4, p = .08]. It should be noted
that neither BIS nor BAS interaction was significant if it
was included as a mean-centred continuous variable.

Correlation between accuracy and state measures The
“happier” the participants rated themselves under the safe
condition, the larger the difference in the number of errors
was between conditions [see Fig. 4; r(28) = .57, p = .001].
Moreover, the greater the difference in happy ratings across
safe and fear conditions, the greater the enhancement in
happy-face accuracy relative to fearful-face accuracy [i.e.,
the greater the positive bias; r(30) = .28, p = .027]. No
state-measure scores correlated with BIS scores.

Face rating post-task

Subjects rated the fear and happy faces as equally salient
[F(1, 27) = 0.7, n.s.]. As such, the valence effect on the
Stroop task was not driven by a difference in salience
between the happy and fearful faces.

Discussion

The present study examined the extent to which threat of
shock, which is designed to mimic a key symptom of
anxiety disorders, reproduced the alterations in cognitive
performance that are characteristic of anxiety disorders. We
showed that threat of shock induced affective biases similar
to those seen in anxiety disorders, but did not, contrary to
expectation, impair conflict adaptation. Threat of shock
thus partially modelled the effects of generalized anxiety
disorder and panic disorder on cognition by altering
affective processing, whilst having no effect on cognitive

Fig. 3 A positive bias (increased accuracy for happy relative to
fearful faces) was seen in low, but not in high, scorers on the BIS scale
(averaged over conditions; error bars represent standard errors of the
means, NS = nonsignificant). *p < .05

Fig. 2 Healthy individuals demonstrated conflict adaptation under both
safe and threat conditions. Enhanced RTs are apparent in incongruent
trials preceded by incongruent trials (II), relative to incongruent preceded
by congruent trials (CI) (averaged over safe and threat conditions) (a), but
a positive affective bias is present only under safe conditions. (B), with
enhanced processing of happy relative to fear faces only under safe
conditions. RT = reaction time, I = incongruent, C = congruent, F =
fearful face, H = happy face, NS = not significant; error bars represent
standard errors of the means. *p < .05

Fig. 4 The happier the individuals were, the more errors they made
on fear trials under the safe condition relative to under the threat
condition [r(30) = .57, p = .001]. VAS = visual analogue scale
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rigidity. To the best of our knowledge, this is the first study to
explicitly demonstrate affective bias in facial processing in
response to threat of shock. A number of studies have shown
that threat of shock elevates startle reflex (Grillon, 2008b;
Lissek et al., 2007), reduces monetary reward anticipation
(Ryan & Diego, 2006), perturbs spatial working memory
(Lavric et al., 2003; Shackman et al., 2006), and reduces
sexual arousal (Beck, Barlow, Sakheim, & Abrahamson,
1987), but the literature regarding the effect of threat of
shock on affective biases is surprisingly sparse.

The effect of induced anxiety on affective biases

In healthy adults, threat of shock mimicked the effect of
clinical anxiety on affective biases. Specifically, the threat
of shock enhanced aversive affective processing and
abolished a significant bias away from aversive processing
(i.e., greater accuracy on happy relative to fearful faces, or a
positive affective bias) in healthy individuals during the
safe condition. From an adaptive perspective, such anxiety-
induced enhancement of aversive processing could serve
the purpose of increasing vigilance to danger in threatening
environments (Grillon, 2008b). The specific direction of
this bias, however, indicates a disproportionate inability to
accurately process aversive stimuli in healthy individuals in
safe conditions, which is then abolished by threat. From
this perspective, the finding is reminiscent of the classic
concept of depressive realism (Alloy & Abramson, 1979),
which states that healthy individuals can sometimes act in
“blissful ignorance.” It may be, for example, that inhibiting
the processing of nonrelevant aversive processing (and,
hence, making more errors in response to aversive
information) under safe conditions is adaptive. Indeed, in
a constantly changing and frequently nonthreatening envi-
ronment, it would be cognitively wasteful to process all
stressors. There is no adaptive purpose of worrying about
one’s inevitable death, for instance. As such, “blissful
ignorance,” or a relative deficit in accurately detecting
fearful stimuli, may increase adaptive fitness under safe
conditions (Cools, Roberts, & Robbins, 2008) and may
represent an endophenotype for resilience to anxiety
disorders (Elliott, Sahakian, & Charney, 2008). Such
resilience could be driven by a combination of biological
(e.g., oxytocin levels) and psychosocial (e.g., maternal
behaviour and coping strategies; Altemus, 2006; Grillon,
2008a) factors that lead to elevated appetitive striatal
processing of reward (Simon et al., 2009) and reduced
amygdala-linked aversive processing (Cools et al., 2005)
under safe conditions. Threatening conditions, however,
reverse this situation, such that it becomes adaptive to focus
on all aversive information in order to avoid harm. Thus,
aversive processing is significantly enhanced under threat
of shock.

The effect of induced anxiety on cognitive rigidity

Contrary to the effects of generalized anxiety disorder and
panic disorder (Chechko et al., 2009; Etkin et al., 2010),
however, threat of shock had no effect on cognitive rigidity,
and it did not influence conflict adaptation. Moreover, the
effect of threat on affective biases meanr that this lack of
interaction cannot be attributed to a failure of the
manipulation. This study is, to the best of our knowledge,
the first to directly examine the effect of threat of shock on
both affective biases and cognitive rigidity using a single
paradigm and, as such, reveals a dissociation between the
effects of experimentally induced anxiety on different facets
of cognitive performance. This dissociation thus highlights
a limitation of threat of shock as a model for anxiety
disorders. It may be that the subjective state of anxiety,
which is common to both threat and anxiety disorders,
evokes the affective bias, but a more pervasive symptom-
atology, present in clinical anxiety but not in induced
anxiety, is required to impair conflict adaptation. Indeed,
anxiety disorders show complex alterations in neurotrans-
mission (Deakin, 1998a, 1998b), neural activation (Etkin et
al., 2006) and functional neuroconnectivity (Etkin &
Wager, 2007), any of which could impact conflict adapta-
tion. In particular, conflict adaptation in the present task has
been shown to rely on cortical regions including the rostral
(pregenual) cingulate cortex, whereas processing of fearful
faces involves subcortical regions such as the amygdala
(Chechko et al., 2009; Egner et al., 2008; Etkin et al., 2006;
Etkin et al., 2010; Etkin & Wager, 2007). As such, a state of
anxiety may influence (bottom-up) subcortical-related, but
not (top-down) cortical-related, processing (Robinson &
Sahakian, 2009b). Ongoing research directly assessing the
effects of threat of shock on functional neural activity
will test this interpretation, but such dissociations
highlight the need to treat all symptoms of anxiety
disorders (i.e., affective symptoms as well as cognitive
symptoms), since the relief of one symptom (e.g., the state
of anxiety) may not accompany remission of others (e.g.,
cognitive rigidity; Elliott, Zahn, Deakin, & Anderson,
2011). As highlighted in the introduction, much may be
gained by developing experimental models of anxiety, but
no single model will fully mimic anxiety disorders. It is
therefore critical to define the overlaps and boundaries
between our experimental models and the different anxiety
disorders.

It should also be noted that a number of studies have
demonstrated that individuals with high trait anxiety
(McDermott et al., 2009; Righi, Mecacci, & Viggiano,
2009; Sehlmeyer et al., 2010) or high state anxiety (Hajcak
& Foti, 2008; Righi et al., 2009; Tops & Boksem, in press)
show elevated neural indices of conflict monitoring as
measured using electroencephalography (e.g., the ERN or
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N2). These findings suggest that neural processing of
conflict, potentially in the dorsal anterior cingulate
(Amodio et al., 2008), is actually elevated in individuals
with increased anxiety. Indeed, two studies failed to
demonstrate effects of threat (Shackman et al., 2011) and
aversive stimuli (Wiswede et al., 2009) on conflict
processing alongside such elevated electroencephalographic
indices of conflict monitoring. Reconciling these findings
with (1) our present failure to show an effect of threat of
shock on conflict adaptation and (2) the previously reported
abolished conflict adaptation in generalized anxiety disor-
ders and panic disorder (Chechko et al., 2009; Etkin et al.,
2010) presents an intriguing conundrum for future research.

Individual differences

Consistent with prior research (Krug & Carter, 2010; Miu et
al., 2008; Osinsky et al., 2010), anxiety-related cognitive
processing was also modulated by individual differences.
Low trait BIS scores predict low trait anxiety (Muris et al.,
2001), reduced amygdala reactivity to fearful faces (Cools
et al., 2005), reduced no-go N2 and ERN amplitudes
(neural indices of conflict monitoring; Amodio et al., 2008),
reduced impact of daily stressors on negative affect (Gable
et al., 2000), and increased striatal response to reward
(Simon et al., 2009). In the present study, individuals with
low BIS scores showed a positive bias (i.e., made fewer
errors on happy than on fearful face trials) that was not
present in those with high BIS scores. Individual differ-
ences in BAS reward seeking also modulated the sensitivity
of affective biases to threat of shock. Threat enhanced
aversive processing in low-reward-seeking individuals only.
A related but distinct effect was also seen in state
“happiness” ratings, with happier individuals demonstrating
a greater positive bias under safe relative to threat
conditions. The present study was not optimized to assess
these individual-difference effects, but the combination of
trait measures with affective manipulations, such as threat
of shock, provides a promising way to assess the link
between trait anxiety and the impact of anxiogenic
situations on cognitive and affective processing.

Putative mechanisms of threat-induced affective bias

The threat-mediated affective bias we have shown bears
strong similarity to the effect of serotonin reduction
(another anxiogenic manipulation; Grillon, Levenson, &
Pine, 2006) on aversive processing in healthy individuals;
both manipulations remove a positive bias that is present in
healthy individuals at baseline (Cools, Robinson, &
Sahakian, 2008). One explanation for the serotonergic bias
effect is that cortically originating top-down serotenergic
neurons inhibit aversive processing in, for example, the

amygdala, the striatum, the bed nucleus of the stria terminalis,
or the raphe nuclei (Cools, Roberts, & Robbins, 2008;
Robinson, Frank, Sahakian, & Cools, 2010; Somerville,
Whalen, & Kelley, 2010). This inhibition generates a positive
bias in information processing (Dayan & Huys, 2008) that is
removed (i.e., disinhibited) when serotonin is depleted. Such
top-down disinhibitory mechanisms have also been proposed
for the effect of anxiety on aversive processing (Etkin &
Wager, 2007; see also Eysenk’s attentional control theory:
Eysenck, Derakshan, Santos, & Calvo, 2007). It is therefore
plausible that the effect of threat of shock seen here may
result from a similar top-down neural disinhibition of
aversive processing. Such a mechanism would explain the
elevated amygdala reactivity reported under threat of shock
(Cornwell et al., 2007) and provide a plausible neural
mechanism by which anxiety could increase vigilance to
aversive stimuli. Speculating further, permanent disinhibition
of such neurons could lead to the debilitating attentional bias
towards aversive stimuli seen in anxiety disorders. However,
whilst the findings can provide some insight into the
mechanisms by which attentional biases are modulated by
neurotransmitters, it is important to note that the present
study did not include such manipulations, so caution is
needed when making these inferences. Ongoing research
examining the effect of serotonin reduction on conflict
adaptation will, however, directly assess this hypothesis.

Caveats and possible limitations

It should be pointed out that the affective bias effect we saw
is manifest as an alteration in accuracy, whereas the conflict
adaptation effect is manifest as an alteration in RT. Thus,
the affective bias we have shown here is more comparable
to the affective biases seen in tasks such as reversal learning
and go/no go tasks, where biases are revealed by accuracy
effects (Clark, Chamberlain, & Sahakian, 2009; Cools,
Robinson, & Sahakian, 2008; Robinson & Sahakian,
2009b; Robinson, Standing, DeVito, Cools, & Sahakian,
2010; Roiser et al., 2009), than to the affective biases seen
on classic versions of the affective Stroop, in which biases
are often revealed by RT differences (Ernst, 2010). The
distinction between the conflict adaptation RT findings
(which replicate prior findings: Egner et al., 2008; Etkin et
al., 2010; Etkin & Wager, 2007) and the affective accuracy
findings may, however, reflect the nature of the processing
impairment/enhancement driving each effect. Conflict
adaptation may be dependent on top-down processes that
impact RT, whilst affective biases may be driven by
bottom-up processing that directly impacts accuracy. It
should also be noted that the targets and distractors in the
task used here (faces vs. words) are likely processed by
distinct neural pathways. The task and stimuli have been
well tested (Egner et al., 2008; Etkin et al., 2010; Etkin &
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Wager, 2007; Frey et al., 2010; Krug & Carter, 2010;
Osinsky et al., 2010) and have several advantages over
classic Stroop tasks (Buhle et al., 2010; Ernst, 2010), but
care should be taken in comparing findings across tasks.
Accordingly, the error rates in the present study are slightly
higher than those reported in the original adapted task
(Egner et al., 2008; however, not in all versions of the task:
Frey et al., 2010). This discrepancy is likely related to the
fact that in the present version of the task we recorded
responses only during stimulus presentation, whereas in the
task used by Egner et al., they also recorded slower
poststimulus responses that occurred during the interstim-
ulus interval (note that responses were also approximately
100 ms faster in the present task). Future research will
adopt the exact same task utilised in prior work, but the
unaffected conflict adaptation seen in the RT data across
both conditions in the present study suggests that excluding
these poststimulus responses did not bias the present data.
Indeed, filtering out the slower responses would have, if
anything, reduced the sensitivity of the task to detect
conflict adaptation by trimming off the slowest (CI)
responses and reducing the window of potential difference
between II and CI responses. The lack of a conflict
adaptation effect in accuracy suggests that equal numbers
of all trial types were recorded.

As a final point, it should be noted that although in the
secondary individual-difference analysis we adopted a
frequently used method of dividing healthy subjects by
individual differences (e.g., Krug & Carter, 2010; Osinsky
et al., 2010), this method was not optimal, and we may
have trimmed off some of the most highly harm-avoidant
individuals, who would not have agreed to participate in a
threat-of-shock study.

Conclusion

Threat of shock in healthy individuals partially reprodu-
ces the altered cognitive performance seen in anxiety
disorders. Specifically, threat of shock enhances aversive
processing, potentially through a neural disinhibitory
mechanism, but has no effect on conflict adaptation,
which may be subserved by higher cortical regions
uninfluenced by induced anxiety. Moreover, we revealed
a positive bias under safe conditions, which may represent
an endophenotype for resilience to emotional disorders
(Elliott et al., 2008).
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