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Research shows that anxietymay relate to any or all of the following: goal conflict resolution; distraction, and the
automatic detection of threat-related stimuli. To investigate these relationships we used a modified Stroop task
where fearful and happy emotional target faces are overlaidwith either emotionally neutral, emotionally congru-
ent or emotionally incongruent distractingwords. A trait anxiety related speed-accuracy trade-off seemed to pri-
marily reduce accuracy during incongruent trials with target fearful faces overlaid with the emotionally
conflicting word happy. We offer an explanation of this effect based upon theories of how positive stimuli and
threat-related stimuli differentially affect information processing. Future studies should seek to verify how the
anxiety related speed-accuracy trade-off mechanism is activated, and elucidate how and when positive stimuli
affect anxiety more than threat-related stimuli do.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Theories of trait anxiety have proposed distinct, but conceptually-re-
lated, mediating mechanisms. Firstly, anxiety may be mediated by a bi-
ological behavioural inhibition system which is responsible for the
resolution of goal conflict (Gray &McNaughton, 2000). Secondly, atten-
tional control theory (ACT) suggest that anxiety relates to increased
cognitive interference, which is experienced as distraction (Eysenck,
Derakshan, Santos, & Calvo, 2007). Thirdly, anxiety has been related to
the enhanced processing of threat-related stimuli (Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & van Ijzendoorn, 2007; Beck &
Clark, 1997; Mathews & Mackintosh, 1998; Mogg & Bradley, 1998).
Therefore, the day-to-day experiences of those high in trait anxiety
may be affected by the interaction between the level of threat monitor-
ing, magnitude of cognitive interference (i.e., distraction), and an al-
tered way of resolving conflicting approach and avoidance situations.

Experimental neurocognitive research has shown that trait anxiety
is related to the impaired reactivity of cognitive mechanisms that are
mediated by the prefrontal cortex, when goal conflict resolution and
the inhibition of distractor processing is required. These effects have
been found when neutral distractors are used (Bishop, 2009), and

when threat-related distractors are used (Bishop, Jenkins, & Lawrence,
2007). Bishop (2009) proposed that these findings may explain why
clinical anxiety patients suffer daily problems with concentration. A
widely used emotional distraction paradigm referred to as the emotion-
al Stroop task requires participants to identify the font colour of threat-
related words and neutral words. If the font colour of the threat-related
words is identified slower than the font colour of the neutral words, a
threat-related attentional bias is inferred. This bias is magnified in anx-
iety (for meta-analysis see Phaf & Kan, 2007).

The emotional Stroop task has recently received a substantial para-
digm modification. In this paradigm distracting emotional words (e.g.,
fear and happy) are overlaid upon pictures of either fearful faces or
happy faces. Participants are required to respond to the faces. The
distracting emotional words are either congruent or incongruent with
the emotional expressions of the target faces. Goal conflict is high dur-
ing incongruent trials (e.g., a happy face with a fearful distractor
word) as the distractorwordsmay trigger their own response. Goal con-
flict is low during congruent trials as the distractor words trigger the
same response as that of the target facial expression. A congruency ef-
fect is calculated as the reaction time (RT) or accuracy difference be-
tween the faster and more accurate responses to congruent trials and
slower and less accurate responses to incongruent trials. Thus, this par-
adigm can be used to assess how trait anxiety affects attentional control
in situations of emotional conflict. Etkin and Schatzberg (2011) and
Etkin, Prater, Hoeft, Menon, and Schatzberg (2010) used this paradigm
including equal proportions of congruent and incongruent trials. The
congruency effect was not related to levels of trait anxiety or clinical
anxiety. These data are at odds with the proposed theoretical link
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between anxiety and goal-conflict resolution. However, Etkin and
colleagues did not analyse whether anxiety selectively affected perfor-
mance on either incongruent happy trials, or incongruent fearful trials.

Krug and Carter (2010) also used this paradigm but they used fearful
and neutral faces overlaid with the words fear or neutral, and included
just 30% incongruent trials. Therefore, in this study goal conflict and
distraction occurred less frequently. Trait anxiety still did not affect the
congruency effect. However, high anxious participants were slower to re-
spond to neutral faces overlaid with the distractor word fear, than fearful
faces overlaid with the distractor word neutral. Moreover, low anxious
participants showed the opposite pattern. Therefore these results favour
an account of anxietywhich tentatively suggests that high anxiety relates
to increased automatic threat detection. Krug and Carter (2012) used the
same task again. In a high conflict expectancy condition 65% of trials were
incongruent, whereas in a low conflict expectancy condition 35% of trials
were incongruent. However, this time neither the congruency effects, nor
performance during incongruent trials was correlated with trait anxiety.

In the word-face Stroop studies discussed above, goal conflict was
induced between facial and verbal emotional stimuli, with a view to
quantifying how trait anxiety affects the cognitive control of emotion.
These four studies make it clear that support for the three theories of
anxiety discussed above was very inconsistent. It is possible that the
task designs used did not cleanly measure the theoretical processes
being discussed here. For example, in the real world emotional con-
flict/distraction may occur less frequently. Moreover, congruency ef-
fects in Stroop tasks are the sum of both facilitation effects and
interference effects. Facilitation effects are measured as the improve-
ment in performance for congruent trials relative to neutral trials,
whereas interference effects are measured as the reduction in perfor-
mance for incongruent trials relative to neutral trials (Goldfarb &
Henik, 2007). Koster, Crombez, Verschuere, and De Houwer (2004)
have shown that both facilitation and interference effects also contrib-
ute to the congruency effect found in the dot probe paradigm. This sug-
gests that the measurement of attentional facilitation and attentional
interferencemay generalise across paradigms. The differential contribu-
tions of these effects were not assessed in the word-face Stroop studies
discussed above. Thus, any specific trait anxiety effects on attentional fa-
cilitation or attentional interference were not determined.

Decreasing the proportion of incongruent trials relative to congruent
trials increased themagnitude of the congruency effect in the emotional
word-face Stroop study by Krug and Carter (2012). Current theorising
suggests that participants would have implicitly learned the correla-
tions (contingencies) between the words and responses. Thus partici-
pants would have learned to predict the response required based
upon the distracting word (Schmidt & Besner, 2008). Schmidt & Besner
suggested that in Stroop tasks participants make speeded responses to
high contingency congruent trials based upon response predictions.
They proposed that participants selectively lower their response thresh-
old for an expected response. Schmidt & Besner suggested that in-
creased RT facilitation, but not increased RT interference, is what
increases the magnitude of the RT congruency effect, when predomi-
nantly congruent trials are included. They also suggest that increased fa-
cilitation in accuracy occurs due to the same mechanism. Moreover,
interference effects in accuracy for low contingency incongruent trials
also occur due to the response threshold being lowered for the word
when it was predictive. If this theoretical framework better describes
proportion congruent effects in Stroop tasks, then this suggests that
there is an extra neurocognitive mechanism that may be implicated,
in addition to any conflict resolution, distraction, and threat detection
mechanisms. Thus, any anxiety effects found might be based upon con-
tingency learning and/or response threshold lowering.

2. Purpose of study

None of the word-face emotional Stroop studies discussed above
used a design that combined conflicting fearful and happy stimuli

with infrequent incongruent trials. Thus, we used a happy versus fear
word-face Stroop task including very infrequent incongruent trials
(17%), in an attempt to maximise the effect of emotional conflict during
these trials.We includedneutral word trials sowe could explorewheth-
er trait anxiety differentially modulated how attentional facilitation or
attentional interference contributed to the congruency effect.

Specifically, we used the above theories to predict that trait anxiety
would impair cognitive performance during the very infrequent incon-
gruent trials, resulting in either an anxiety related slowing in RTs and/or
reduced accuracy for these trials (or an increased congruency effect).
This prediction is based upon the suggestion that high anxiety is related
to increased cognitive interference/distraction (Eysenck et al., 2007),
and also the impaired prefrontal control of attention (Bishop, 2009;
Bishop et al., 2007). We predicted that any anxiety effect upon incon-
gruent trials would be magnified for incongruent trials consisting of
happy faces overlaid with the word “fear” more so than for fearful
faces overlaid with the word “happy”. We predicted this based on the
theoretical view that distraction should be maximized in high anxiety,
especially when the distracting stimuli are threat related (Bar-Haim et
al., 2007; Beck & Clark, 1997; Eysenck et al., 2007; Mathews &
Mackintosh, 1998; Mogg & Bradley, 1998). If found, this result would
be consistent with the results of Krug and Carter (2010).

3. Method

3.1. Participants

Participants (N = 77; 62 female) were recruited from Goldsmiths,
University of London and had a mean age of 23.4 years (SD = 7). Of
these, 68 were right-handed and 35 were psychology 1st year under-
graduates, who took part in return for course credit. The rest were
paid £5, andwere students or staff from other departments. All gave in-
formedwritten consent in accordance with standard ethical guidelines.
The approximate sample size was chosen to allow 80% power for two-
tailed tests at p=0.05, for correlations of 0.3. Such correlations are typ-
ical for personality-behaviour associations.

3.2. Psychometric measures

Trait anxiety was assessed using the State-Trait Anxiety Inventory
(STAI, Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983).

3.3. Stimuli

The emotional faces used to create the Stroop stimuli were obtained
from a standardised face stimuli set developed for research (NimStim;
Tottenham et al., 2009). Two face stimulus sets were created using
one male face, and one female face. This was an attempt to control for
gender differences. Congruent stimuli were created by placing the
distractor word “fear” or “happy” across the nose of the target fearful
or happy faces, respectively. The mouths and eyes were not obscured.
Incongruent stimuli were created by placing the distractor words
“fear” or “happy” over the top of the happy or fearful faces, respectively.
Neutral stimuli were created by placing either thewords “bowl” or “cel-
lar” over the emotional faces. The overall picture dimensions were
65mmhigh and 53mmwide, andwere presented on a 15.5 inch laptop
screen.

3.4. Procedure

Participants were told that they would be presented with two facial
emotion recognition tasks (i.e., one male block of trials and one female
block of trials) with a short rest in-between. Participants were asked
to sit as close to the screen as was comfortable for their eyes (typical
viewing distance was approximately 70 cm). The task instructions
were presented on the screen. To start each block the first screen
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