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Abstract
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Anxiety has wide reaching and complex effects on cognitive performance. Although it can intrude
on cognition and interfere with performance, it can also facilitate information processing and
behavioral responses. In a previous study, we showed that anxiety induced by threat of shock
facilitates performance on the Sustained Attention to Response Task (SART), a vigilance test,
which probes response inhibition to infrequent no-go stimuli. The present study sought to identify
factors that may have contributed to such improved performance, including on- and off-task
thinking (assessed with thought probes) and individual differences in attention control, as
measured with the Attention Control Scale (Derryberry and Reed, 2002). Replicating our prior
finding, we showed that shock threat significantly reduced errors of commission on the nogo
trials. However, we extended this finding in demonstrating that this effect was driven by subjects
with low attention control. We therefore confirm that anxiety increases inhibitory control of
prepotent responses – a mechanism which is adaptive under threat – and show that this effect is
greater in those who rely more upon such prepotent responding, i.e., those with low attentional
control.
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Anxiety is a state of distress, tension, and vigilance in response to threat. Anxiety is
adaptive, it prepares organisms for action (Langner and Eickhoff, 2013), increases arousal,
and facilitates bottom-up sensory processing (Cornwell et al., 2007, Pessoa, 2009), but it can
also disrupt top-down cognitive control caused by interference from internal and external
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task-irrelevant stimuli (Bar-Haim et al., 2007, Eysenck et al., 2007, Forster et al., 2013).
Research on the cognitive effects of anxiety has mostly focused on cognitive disruption by
discrete external threats (e.g., attentional/affective bias) (Bar-Haim et al., 2007), but little is
known about the effect of anxiety on sustained attention tasks, when attention needs to be
maintained over time (Forster et al., 2013, Righi et al., 2009). On the one hand, vigilance
tasks would seem to be especially vulnerable to lapses of attention, including disruption by
anxious cognition (Forster et al., 2013, Horowitz and Becker, 1971, Smallwood et al., 2009,
Su et al., 2009, Vinski and Watter, 2013). On the other hand, vigilance tasks could benefit
from the arousing and and energizing properties of anxiety (Easterbrook, 1959, Lang et al.,
1992, Langner and Eickhoff, 2013).

Author Manuscript

In a previous study, we reported that anxiety induced by threat of shock improved
performance on a vigilance task, the Sustained Attention to Response Task (SART)
(Robinson et al., 2013a). The present study sought to extend these findings by examining the
potential role that attentional lapses and individual differences in attention control may play
in such anxiety-related improved performance.

Author Manuscript
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During SART, subjects respond to high-frequency go trials and inhibit responses to rare
nogo trials. Because of the tedious nature of SART, subjects progressively withdraw their
attention, which promotes attentional lapses and ‘mind wandering’ (also called taskunrelated thoughts, TUTs) (Robertson et al., 1997, Smallwood et al., 2004), leading to nogo
commission errors (i.e., failure to inhibit response to nogo trials) (McVay and Kane, 2012b,
Robertson et al., 1997). Studies have found inconsistent effects of anxiety on SART so far.
While we reported that anxiety induced by shock threat improved nogo accuracy (i.e.,
improved inhibition of the prepotent go response) (Robinson et al., 2013a), a finding we are
replicating in several ongoing studies, including a study in patients with anxiety disorders, a
recent study showed an association between trait anxiety and slower go RT in periods
without nogo errors (Forster et al., 2013). This latter finding is consistent with cognitive
theories of anxiety, according to which anxiety-induced performance deficits are caused by
worry and self-preoccupation, which take up limited processing resources necessary to
perform the task (Eysenck et al., 2007) or by poor attention control (Bishop, 2009).
However, another study reported no effect of state or trait anxiety on reaction time (RT) or
accuracy during SART (Righi et al., 2009). A key difference between our study and these
studies is that we examined the effect of changes in state anxiety via an experimental threat
manipulation, whereas the two other studies examined individual differences in trait anxiety.
Hence, in the absence of an experimental manipulation to increase state anxiety, state
anxiety may have been too low to detect an effect in (Righi et al., 2009), and the
performance impairment associated with trait anxiety may reflect individual differences of
personality characteristics in (Forster et al., 2013). Furthermore, while high trait anxiety
may be associated with poor attention control (Forster et al., 2013), an increase in state
anxiety may, depending of the task, be associated with better attention control (Robinson et
al., 2013b), as suggested by our previous findings (Robinson et al., 2013a). In fact, the
ability to increase response inhibition during an anxious state may be adaptive (Birk et al.,
2011). It is also consistent with theoretical models linking anxiety to activation of the
behavioral inhibition system (Gray, 1987, Quay, 1997, Wright et al., 2014).
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In our initial study, we expected that anxiety induced by shock threat would impair
performance (Robinson et al., 2013a). This was based on two assumptions. First, because
SART promotes TUTs (Robertson et al., 1997) and TUTs are increased by personal
concerns, worries, stress, and negative mood (Horowitz and Becker, 1971, Klinger, 1971,
McVay and Kane, 2010, Su et al., 2009), we assumed that threat would promote anxious
mentation and increase overall TUTs. Second, this increase in anxious TUTs would take up
limited resources dedicated to the task, hence impairing performance (Eysenck et al., 2007).
The fact that shock anticipation did not impair SART performance suggests that shock threat
did not increase TUTs. In other words, TUTS may not have affected the influence of state
anxiety on performance. One objective of this study was therefore to probe subjects’
thoughts while performing the task to examine the effect of shock threat on TUTs. Using
real-time probe sampling (Gruberger et al., 2011, Teasdale et al., 1995), we assessed three
types of thoughts, task-relevant thoughts (TRTs) and two types of TUTs, threat-related
TUTs (threatTUTs) and non threat-related TUTs (nonthreatTUTs) (see Methods). Based on
our previous findings that performance was not impaired by induced anxiety (Robinson et
al., 2013a), contrary to some theories (McVay and Kane, 2010), we did not expect that
TUTs would be affected by shock anticipation. Rather, we expected increased threatTUTs
(and decreased nonthreatTUTs) during shock anticipation compared to safe periods.
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One mechanism by which shock threat could improve SART performance is via increased
arousal or motivation (Chiles, 1958, Spence et al., 1956), which could then enhance the
ability to cope with vigilance tasks (Singh et al., 1979), or via activation of the behavioral
inhibition system (Gray, 1987, Quay, 1997, Wright et al., 2014). Poor performance during
SART is more likely to be found in individuals with a weakened ability to inhibit prepotent
responses or to cope with the monotonous nature of the task, resulting in impaired goal
maintenance or sustained attention (Helton et al., 2009, McVay and Kane, 2012a, Robertson
et al., 1997). Such characteristics are linked to attention control, the executive ability to
direct attention (Judah et al., 2013). Accordingly, individuals most likely to benefit from
shock threat are those with a weakened ability to cope with the monotonous nature of
vigilance tasks, i.e., individuals with poor attention control (McVay and Kane, 2012a,
Robertson et al., 1997). One possibility, therefore, is that individuals with low attention
control are those who contribute to the improved performance during shock threat. Indeed,
because they should show poor SART performance under safe condition, they should be
more likely to benefit from threat-related increased arousal or motivation or activation of the
behavioral inhibition system. By contrast, individuals with high attention control are
unlikely to benefit from shock threat because they should show high and stable performance
independently of the testing context. This hypothesis is consistent with results of a recent
study that showed that shock threat improved cognitive performance during a continuous
performance task and a working memory task only in subjects with low attention control
(Hansen et al., 2009). Based on these findings, we expected lower attention control subjects
to show lower performance in the absence of threat but that their performance would
improve during shock threat. Attention control was measured using the Attentional Control
Scale (ACS) (Derryberry and Reed, 2002, Rothbart and Derryberry, 1981), a wellestablished questionnaire that assesses self-regulatory control associated with goal
maintenance, attention shifting, effortful attention, and resistance to prepotent responses
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(Derryberry and Rothbart, 1997, Evans and Rothbart, 2007), such as nogo responses
(Herrmann et al., 2003, Wiersema and Roeyers, 2009).
To summarize, this study examined the impact of shock threat on TUTs and assessed
whether individual differences in attention control contributed to the influence of state
anxiety on SART performance. Analyses focused on nogo commission errors (i.e., failure to
inhibit prepotent responses), as omission errors to go trials were minimally affected by
shock threat in our previous study (Robinson et al., 2013a).

Material and Method
Participants

Author Manuscript

Sixty healthy volunteers (31 female) completed the study. Subjects were included based on:
(1) no past or current psychiatric disorders according to SCID-I/P (First et al., 1995), (2) no
medical condition that interfered with the objectives of the study as established by a
physician, and (3) no use of illicit drugs or psychoactive medications according to history
and confirmed by a negative urine screen. All subjects gave written informed consent
approved by the National Institute of Mental Health (NIMH) Human Investigation Review
Board and were compensated for their participation.
Procedure

Author Manuscript

We used a similar procedure as in our prior study (Robinson et al., 2013a), except that
thought probes were added to the task. Briefly, subjects performed SART during alternating
safe conditions, when they were safe from shock, and threat conditions, when they were at
risk of receiving unpredictable (and performance-independent) unpleasant shocks. Subjects’
anxiety level was assessed with subjective reports and the acoustic startle reflex (i.e., the
ocular motor response to a loud burst of noise). This reflex was utilized because it is
robustly increased by aversive states and constitutes a reliable measure of anxiety (Grillon,
2008). One of the advantages of the startle methodology is that, because it is a response to
an external stimulus under control of the experimenter, it can be used to probe ongoing
changes in anxiety state.
Following attachment of the electrodes, nine startle stimuli were delivered every 18–25 s
during the habituation phase. This was followed by a shock work-up procedure that sets the
shock intensity at a level that was uncomfortable but not painful (a 4 on a scale of 1 to 5,
where 1 is barely perceptible and 5 is painful) by gradually increasing the intensity of the
shock. Next, subjects performed a variant of SART (Robertson et al., 1997) in alternating
safe and shock threat conditions.

Author Manuscript

Sustained Attention to Response Task (SART)
The stimuli were presented on a monitor. Participants were asked to respond to frequent
“go” stimuli (“=”) and to withhold their response to occasional “nogo” stimuli (“O”). These
stimuli were randomly distributed and were presented for 250 ms at a rate of one every 2000
ms. There were two runs with a 5-min rest between runs. Each run consisted of a total of six
continuous 110-s SART blocks: three safe blocks alternating with three threat blocks. In
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each block, the go stimuli were presented on 50 occasions while the no-go stimulus occurred
five times per block for a total of 150 go and 15 no-go trials (adding up to 10% of total
trials) per safe or threat condition. The first SART block was counterbalanced between runs
and across subjects such that half of the subjects started with a safe and a threat condition in
the first and second runs, respectively, and the other half with the reverse order. Subjects
were asked to focus equally on speed and accuracy.
Startle stimuli, shocks, and threat condition

Author Manuscript

In each run, SART started with three startle stimuli (before the first go/nogo block).
Subsequently, three startle stimuli were delivered in each block to assess subjects’ anxiety.
Startle stimuli always occurred between two go trials. A single shock was delivered at the
end of one of the threat block in each run just prior to a go trial that was not included in the
analysis (for a total of two shocks during the experiment). Subjects were informed that
shock could be administered only in the threat condition and never in the safe condition.
They were told that the computer decided the number of shocks and time of shock delivery,
and that the probability of shocks did not dependent on their performance. The onset of the
safe and threat conditions were signaled by a text on the monitor that indicated “you are safe
from shock” and “you are at-risk of shock”, respectively. After each run, subjects rated
retrospectively their anxiety in the safe and threat condition on an analog scale ranging from
0 (not at all anxious) to 10 (extremely anxious).
Thought probes

Author Manuscript

Immediately after each startle stimulus in the go/nogo blocks, questions on the monitor
prompted subjects to report their thoughts on a response key pad with choices of: taskrelated thoughts (TRT), threat-related (anxious) task-unrelated thoughts (threatTUTs), or
threat-unrelated (non-anxious) task-unrelated thoughts (nonthreatTUTs). Thus, subjects
were asked to report their thoughts 18 times in the safe conditions (3 thought probes x 3
blocks x 2 runs) and 18 times in the threat condition. Subjects were given the following
instructions:

Author Manuscript

“Occasionally during the task you will be asked to rate whether your thought was
task-related, task-unrelated but threat-related, or task-unrelated and threatunrelated. If you were thinking about the task, then we’ll say you were having a
task-related thought. If you were thinking about the threat, then we’ll say you were
having a threat-related thought. If you were not thinking about the task and not
thinking about the threat, then you were having a task-unrelated and threatunrelated thought. The question you need to answer after each loud noise is, “Was I
thinking about doing the task,” “Was I thinking about the threat,” or “Was I
thinking about something other than the task or the threat?” Let’s define what I
mean by “task-related thoughts,” “threat-related thoughts,” and “task-unrelated and
threat-unrelated thoughts.”
A task-related thought is thinking about performing the task, paying attention to the
stimuli and your responses.
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A threat-related thought is any thought that is focused solely on the threat
experiment. For example, you may be thinking about how uncomfortable is the
shock, when it will be administered, how you feel, or when the current condition
will stop.
A task-unrelated and threat-unrelated thought is not thinking about the task or the
threat of shock. For example, you may think of something you did this morning or
last night, a friend, teacher, or family member, or what you will do later during the
day. Your mind may wander and you may have thoughts and images about things
that have nothing to do with the threat, such as whether you are hungry or tired,
etc.”
Questionnaires

Author Manuscript

During the screening procedure, which occurred 1–3 weeks prior to testing, subjects were
asked to fill out: Spielberger trait anxiety inventory (Spielberger, 1983) and the Attentional
Control Scale (Derryberry and Reed, 2002). The ACS is a 20-item self-report scale that
measures attentional focusing (9 items) and attentional shifting (11 items) (Derryberry and
Rothbart, 1997). Higher scores on ACS reflect better ability to direct and maintain attention.
Stimulation and Physiological Responses

Author Manuscript

Stimulation and recording were controlled by a commercial system (Contact Precision
Instruments, UK). The acoustic startle stimulus was a 40 ms duration 103-dB (A) burst of
white noise presented via headphones. The eye blink reflex was recorded with two
electrodes placed under the left eye and a ground electrode placed on the left arm. The
electromyographic (EMG) eyeblink signal was amplified with bandwidth set to 30–500 Hz
and digitized at a rate of 1000 Hz. The shock was administered either on the left wrist or on
the left middle and ring fingers, depending on where the subject reached the desired
intensity.
Data Analysis

Author Manuscript

For the go trials, correct responses consisted of any go trial in which there was a response,
and for the nogo trials, correct trials were those in which no response was provided.
Performance was determined for each condition (threat, safe) and trial type (go, nogo) by
dividing the number of correct trials by the total number of each trial type. The one trial
following a shock was excluded from analyses. Three measures of RT were also computed
because they inform on the nature of information processing during SART. These included
mean correct-go RT, to assess speed/accuracy trade-off (Peebles and Bothell, 2004), go RT
variability, a measure of endogenous attention (Hu et al., 2012, McVay and Kane, 2009),
and pre-nogo RT. This latter measure provides an assessment of the development of habitual
responses and attentional lapses because nogo errors of commission are usually preceded by
faster RT (Robertson et al., 1997). Response variability was determined by calculating the
standard deviation of the mean RT for go trials for each subject. Pre-error RTs were
averaged across the four go trials before nogo trials, averaged separately for each condition,
and stratified into correct and error of commission nogo trials (Robertson et al., 1997).
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After full-wave rectification and smoothing the EMG signal, peak startle/eye blink
magnitude was determined in the 20–100-ms timeframe following stimulus onset relative to
a 50-ms pre-stimulus baseline. The startle responses from each participant were transformed
to z scores and converted to T scores and then averaged separately within the safe and the
threat conditions. The subjective anxiety scores were also averaged within each condition.
Because the thoughts (TRTs, threatTUTs, nonthreatTUTs) scores were not normally
distributed, they were normalized with a square root transformation. They were analyzed in
two steps. First, we examined whether the rate of TRTs changed between conditions.
Second, we assessed the change in the rates of TUTs (threatTUTs vs. nonthreatTUTs)
between conditions. Data were analyzed with mixed-model repeated measures analyses of
variance (ANOVAs) and t-tests. Multiple regression analyses were used to identify unique
predictors of nogo accuracy. Partial correlations (rs) are also reported.

Author Manuscript

Results
Demographic
Subjects’ mean (sem) trait anxiety and ACS scores were 28.0 (.8) and 59.9 (.9), respectively.
Trait anxiety and ACS scores were negatively correlated (r=−.33, p<.01).
Anxiety measures
As expected, startle magnitude was larger in the threat (mean = 52.0, sem = .28) compared
to the safe (mean = 46.4, sem = .28) condition (t(59)=8.7, p<0001), and retrospective ratings
of anxiety were also higher in the threat (mean = 2.6, sem = .2) compared to the safe (mean
= 5.2, sem = .3) condition (t(59)=12.1, p<0001).

Author Manuscript

Performance
Nogo trial accuracy and go trial accuracy, mean RT, and RT variability were analyzed using
paired t-tests between safe and threat conditions (Table 1). Replicating our previous finding
(Robinson et al., 2013a), accuracy to nogo trials (t(59)=3.6, p=0006) improved from the safe
to the threat condition. This was paralleled by a decreased in RT variability to go trials from
the threat to the safe condition (t(59)=2.5, p=01). There was also a trend for better accuracy
to go trials (t(59)=1.7, p=08) in the threat compared to the safe condition with no significant
change in RT to go trials between conditions (t(59)=1.3, ns).

Author Manuscript

Comparison of RT that preceded correct and incorrect nogo trials (Table 1) was conducted
with a condition (safe, threat) x nogo trial type (correct rejection, error of commission)
ANOVA. Two subjects had no nogo trials error and were not included in the analysis. The
nogo trial type main effect was significant due to faster RT preceding errors compared to
correct trials (F(1,57)=17.1, p=.0001). The condition effect was also significant due to faster
response in the threat compared to the safe condition (F(1,57)=7.3, p=.009). There was no
significant interaction effect.
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Fig. 1 shows the frequency of each type of thought. The TRT and TUT (threatTUTs +
nonthreatTUTs) scores were analyzed separately because of colinearity (TRTs + threatTUTs
+ nonthreatTUTs =1). Two main results emerged. First, the rates of TRTs did not
significantly differ between the safe and threat conditions (t(59)=1.0, p=.32). Second, within
the off-task thought categories (TUT), there was a differential effect of the safe/threat
condition on thought types (condition x thought types: F(1,59)=49.6, p<.00009). There were
more nonthreatTUTs than threatTUTs in the safe condition (t(59)=2.6, p=.009), and more
threatTUTs than nonthreatTUTs in the threat condition (t(59)=5.1, p<.00009). Taken
together, these results indicate that the rate of anxious thoughts (threatTUTs) increased in
the threat compared to the safe condition, but this increase was at the expense of nonanxious mind wandering (nonthreatTUTs), not at the expense of TRTs.

Author Manuscript

To examine the validity of the thought probe methodology, we examined the association
between thought types and our behavioral and physiological measures of performance and
anxiety. We examined whether 1) TRTs correlated with an objective measure of endogenous
attention, go RT variability (Hu et al., 2012, McVay and Kane, 2009), and 2) threatTUTs
correlated with measures of state anxiety (subjective anxiety and potentiated startle). The
TRTs correlated negatively with RT variability only in the safe condition (r=−.25, p<.05),
such that the more on-task the subjects reported to be, the less variable their RT was (or,
conversely, the less on-task, the more RT variability). The threatTUTs correlated positively
with subjective anxiety in the threat condition (r=.31, p<.03). In addition, the change in the
rate of threatTUTs from safe to threat correlated positively with the difference startle
magnitudes (i.e., fear-potentiated startle; r=.30, p=.03) and with the difference retrospective
anxiety scores (r= .27, p=.04).

Author Manuscript

Correlation and regression
To investigate potential individual predictors of performance, correlations between nogo
accuracy and ACS, trait anxiety, TRTs, go RT, and go RT-variability were first calculated
separately for the safe and threat conditions to determine variables to be used in the multiple
regression analysis. Nogo accuracy in the safe condition was positively correlated with ACS
(r=.39, p<.01) and negatively correlated with go RT-variability (r=−.39, p<.01). Nogo
accuracy in the threat condition was positively correlated with go mean RT (r=.32, p<.01)
and negatively correlated with go RT-variability (r=.36, p<.01).

Author Manuscript

To test which of the variables that significantly correlated with nogo accuracy explained
independent variance, separate stepwise multiple regression analyses were used with the
nogo accuracy as the dependent variable for the safe and threat condition data. For the safe
condition, the final model comprised three independent predictors, which together explained
44% of the variance; nogo accuracy was correlated positively with ACS (beta = .31, F = 9.1,
p<.01; partial correlation rs = .33, p<.01) and go mean RT (beta = .42, F =15.0, p<.001; rs =
2.4, p=.06), and negatively with RT variability (beta = −.56, F =25.9, p<.0001; rs =−.42, p<.
001). For the threat condition, the final model included two independent predictors, which
together explained 41% of the variance; nogo accuracy was correlated positively with the
mean go RT (beta = .62, F =29.7, p<.0001; rs=−.41, p<.001) and negatively with RT
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variability (beta = −.63, F =30.1, p<.0001; rs=.33, p<.01). Thus, ACS did not contribute to
the model in the threat condition.

Author Manuscript

The reason why ACS contributed to the model in safe but not threat was probably because
only the low ACS subjects improved their performance from safe to threat (i.e., low ACS is
associated with lower performance in safe but not in threat). To examine this possibility, an
additional analysis examined potential predictors of the accuracy improvement from safe to
threat. We conducted a stepwise regression analysis using the difference scores [threat
minus safe] for nogo accuracy as the dependent variables. The potential predictors were
ACS and the difference scores [threat minus safe] for the variables that correlated with
performance in the safe or threat condition, i.e., threatTUTs, go RT mean, and go RTvariability. The final model explained 12% of the variance with only one variable, ACS,
correlating negatively with the difference nogo accuracy score (beta = −.27, F =4.8, p<.03).
Thus, the lower ACS was, the more go accuracy improved from safe to threat condition. For
illustration purpose, we calculated nogo accuracy in the safe and threat conditions in low
and high ACS groups based on a median split of ACS scores (Fig. 2). Accuracy in the high
ACS group increased slightly and non-significantly from the safe to the threat condition
(t(28)=.7, ns). In contrast, in the low ACS group, nogo accuracy improved significantly from
the safe to the threat condition (t(30)=4.2, p=.0002).
Because a prior study reported slower RT in high trait anxious subjects, in a post-hoc
analysis, we examined the association between trait anxiety and performance. Consistent
with (Righi et al., 2009), we found no significant correlation between trait anxiety and
accuracy in the safe or threat conditions (all p>.2).

Author Manuscript

Discussion
In a prior study, we reported improved nogo accuracy during shock threat (Robinson et al.,
2013a). The present study replicates this finding, and, importantly, provides clues as to the
variables that may have contributed to this performance improvement. Specifically, we
identified individual differences in attention control as an important factor influencing
performance distinctly during threat and safety. Other potential mechanisms will be
discussed.

Author Manuscript

Individual differences in attention control emerged as a powerful modulator of performance
on sustained attention during threat. Specifically, during the safe condition, low attention
control, as assessed with ACS, was associated with lower performance (increased nogo
errors of commission) compared to high attention control. This result is consistent with the
role of attention control in sustained attention tests such as SART (Herrmann et al., 2003,
Wiersema and Roeyers, 2009). However, during shock threat, performance improvement
was associated with low attention control, such that the threat condition permitted
individuals with low attention control to perform at the level of individuals with high
attentional control. Finally, in contrast to individuals with low attention control, those with
high attention control performed similarly in the safe and threat conditions. It is unlikely that
failure to improve during shock threat in this latter group was due to ceiling performance
since responses were correctly inhibited on only 74% of the nogo trials. These findings are
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reminiscent of results of a shock threat study, in which low heart rate variability, indicating
poor attention control (Healy, 2010, Nigg, 2006, Stifter and Jain, 1996, Thayer and Lane,
2000), was associated with improved cognitive performance during a threat relative to safe
context (Hansen et al., 2009). Thus, in Hansen et al’ study and in our study, shock threat
promoted an attentional state that benefited subjects with poor attention control, i.e., subjects
who were most likely to be in a relative inattentive state. Conceivably, the impaired
performance associated with low attention control in a safe environment could be due to
reduced ability to cope with the tedious nature of the vigilance task, leading to poor effortful
attention.

Author Manuscript

It is noteworthy that go RT-variability was reduced during threat condition, suggesting
increased endogenous attention (Hu et al., 2012, Manly et al., 1999), an effect that may be
related to increased prefrontal cortex activity (Forster et al., 2013). Indeed, RT variability
during cognitive tasks has been associated to prefrontal top-down control of attention
(Bellgrove et al., 2004, Johnson et al., 2008). The threat condition might have raised arousal
to an optimum attention control level, or it may have provided the motivation to increase
attentional effort towards the task as a coping strategy to prevent distraction from threat
processing and to reduce anxiety (Baumeister, 1991, Van Dillen and Koole, 2007). The
increased performance (decreased nogo errors of commission) in the threat condition may
have been an indirect benefit of this coping strategy.

Author Manuscript
Author Manuscript

These results, together with previous findings (Forster et al., 2013, Righi et al., 2009),
suggest differential effects of trait anxiety and state anxiety on SART performance, with
trait anxiety potentially impairing attention control, and state anxiety improving attention
control. That trait anxious individuals perform poorly on SART is consistent with reports
that such individuals exhibit poor attention control. In the present study, for example, trait
anxiety correlated negatively with ACS. However, the post-hoc analysis showed that trait
anxiety was not associated with poor performance. Because we did not attempt to recruit
high trait anxious subjects, we do not know whether the present results would extend to high
trait anxious individuals. In addition, it is possible that increased arousal due to shock threat
compensated for poor attention control associated with high trait anxiety. However, in an
ongoing study (data in preparation), we show no difference in SART performance between
psychiatrically healthy controls and individuals with anxiety disorders (who, by definition,
have high trait anxiety). Thus, in this regard, our results are consistent with Righi et al who
reported no effect of trait anxiety on SART performance (Righi et al., 2009). Finally, in our
ongoing study, the anxious patients also show improved accuracy during shock threat.
Hence, whether trait anxiety is associated with poor performance remain to be demonstrated.
Of course, this does not mean that the underlying neural mechanisms supporting
performance are similar in low and high trait individuals (Righi et al., 2009). In fact, trait
anxiety-related differences may be easier to identify at the neural level than at the level of
behavior (Righi et al., 2009).
Other potential mechanisms of improved performance (nogo accuracy) in the threat vs. safe
condition can be proposed. SART performance is influenced by strategic speed-accuracy
trade-off (Peebles and Bothell, 2004). Eysenck’s Attention Control Theory stipulates that
anxious individuals increase their efforts to keep performance to a level comparable to low
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trait anxious individuals (Eysenck et al., 2007). This is reflected in slower RT to maintain
accuracy (Eysenck et al., 2007). In fact, a recent study reported that high trait anxious
individuals slowed down their go-RTs during SART, probably to avoid making nogo
commission errors ((Forster et al., 2013) (but see (Righi et al., 2009)). This RT slowdown
was associated with reduced prefrontal cortex activation, suggesting poor prefrontal control
(Forster et al., 2013). The present study showed no effect of shock threat on go RT,
indicating that the improved accuracy was not caused by a speed-accuracy trade-off.

Author Manuscript

Low attention control could also be associated with poor inhibitory control of prepotent
responses, and shock threat might have helped to transiently improve inhibitory control.
This latter hypothesis is consistent with studies showing a link between anxiety and
enhanced motor inhibition to nogo trials (Righi et al., 2009, Sehlmeyer et al., 2010). It is
also consistent with theoretical models that propose that anxiety activates the behavioral
inhibition system (Gray, 1987, Quay, 1997, Wright et al., 2014). At a neural level, both
SART (Grahn and Manly, 2012, Pardo et al., 1991) and anxious anticipation (Mechias et al.,
2010) activate the premotor cortex (Brodmann area 6), which is part of the Corbetta et al’s
dorsal attention network and is closely linked to the generation of action (Corbetta et al.,
2008). It is therefore possible that in the present study, response inhibition was facilitated by
threat-related potentiation of this region’s activity via input from the septo-hippocampal
system, the region implicated in the behavioral inhibition system (Gray, 1987).

Author Manuscript

Because it has been argued that mind wandering depends on the extent to which the current
context primes personally-relevant concerns (Klinger, 1971, McVay and Kane, 2010), one
would expect that a monotonous task such as SART would be especially vulnerable to
attentional lapses caused by self-referential mentation or anxious vigilance during shock
threat. This assumption was not supported in the present study. Despite objective (startle)
and subjective (retrospective rating) measures of heightened anxiety in the threat condition,
shock threat did not increase the overall rate of TUTs; it increased anxious cognition
(threatTUTs) at the expense of non-anxious cognition (nonthreatTUTs), but not at the
expense of TRTs. One possibility is that there was a tendency for increased TUTs during the
shock threat but that this tendency was neutralized by increased attention to the task,
suggesting that subjects were prioritizing the task over the threat. Our previous results with a
n-back task during shock threat suggests that only cognitively demanding tasks strongly
inhibits or limits subjective and physiological responses to shock threat (Vytal et al., 2012).
Hence, one would expect that in a low demanding cognitive task, shock threat would lead to
increases TUTs.

Author Manuscript

This study had strengths and limitations. Among the strengths, we manipulated anxiety in a
within-subject design, and relied on well-established methods of fear induction and
measurement (Grillon and Baas, 2003), and thought assessment (Gruberger et al., 2011,
Teasdale et al., 1995). Regarding the latter method, the correlations between TRTs and RT
variability, as well as threatTUTs and subjective anxiety and fear-potentiated startle provide
some validity to our approach. Among the limitations, the probe methodology has its
drawbacks. Probing for thoughts might interfere with the same process we attempted to
study and might change the nature of the SART task by making it less tedious or by
interfering with the task itself (Giambra, 1995). Yet, alternative to the probe thought
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methodology, such as retrospective questionnaires, have their distinct weaknesses (Ericsson
and Simon, 1980). The introduction of thought probes did not seem to have disrupted our
threat experiment since we replicated our previous finding (Robinson et al., 2013a). To
minimize interference from the probe thought methodology, we restricted the questions to a
minimum. As a result, we did not assess thoughts that could have helped to interpret the data
further. For example, we did not assess worries unrelated to the shock threat, that is, worries
about performance (e.g., I am doing poorly) or unrelated to the experiment (e.g., I am going
to the dentist tonight). However, two findings suggest that we successfully assessed anxious
thoughts related to the shock threat: first, the threatTUTs were more frequent in the threat
than the safe condition, and second the threatTUTs were correlated with subjective and
objective (fear-potentiated startle) measures of anxiety. It is possible that worries about the
experiment were included in TRTs (and worries unrelated to the experiment were classified
as threatTUTs). This might have weakened our ability to find correlations between TRTs
and performance.
To summarize, we replicated our previous finding that shock threat improve performance on
SART. We showed that this effect applied essentially to subjects with low attention control.
These subjects’ performance was impaired during nogo trials in the safe condition
(compared to the high attention control subjects), but nogo performance was restored in the
threat condition, perhaps as a result of non-specific increased in cortical arousal and/or
improved inhibitory control of prepotent responses. We also found that, while the levels of
threat-related TUTs increased in the threat condition, they did so at the expense of non
threat-related TUTs, not TRTs. This may partly explain the reason why worrisome thoughts
did not interfere with performance.
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Acknowledgments
Financial support: This work was supported by the Intramural Research Program of the National Institutes of
Mental Health, under grant MH002798 (Protocol 01-M-0185).

References

Author Manuscript

Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ, van IMH. Threat-related attentional
bias in anxious and nonanxious individuals: a meta-analytic study. Psychol Bull. 2007; 133:1–24.
[PubMed: 17201568]
Baumeister, RF. Escaping the self: alcoholism, spirituality, masochism, and other flights from the
burden of selfhood. Basic Books; New York: 1991.
Bellgrove MA, Hester R, Garavan H. The functional neuroanatomical correlates of response
variability: evidence from a response inhibition task. Neuropsychologia. 2004; 42:1910–1916.
[PubMed: 15381021]
Birk J, Dennis TA, Shin LM, Urry HL. Threat facilitates subsequent executive control during anxious
mood. Emotion. 2011; 11:1291–1304. [PubMed: 22059518]
Bishop SJ. Trait anxiety and impoverished prefrontal control of attention. Nature Neuroscience. 2009;
12:92–8. [PubMed: 19079249]
Chiles WD. Effects of shock-induced stress on verbal perfromance. J Exp Psychol. 1958; 56:159–165.
[PubMed: 13575713]
Corbetta M, Patel G, Shulman GL. The reorienting system of the human brain: from environment to
theory of mind. Neuron. 2008; 58:306–324. [PubMed: 18466742]

Cogn Emot. Author manuscript; available in PMC 2016 June 01.

Grillon et al.

Page 13

Author Manuscript
Author Manuscript
Author Manuscript
Author Manuscript

Cornwell BR, Baas JMP, Johnson L, Holroyd T, Carver FW, Lissek S, Grillon C. Neural responses to
auditory stimulus deviance under threat of electric shock revealed by spatially-filtered
magnetoencephalography. Neuroimage. 2007; 37:282–289. [PubMed: 17566766]
Derryberry D, Reed MA. Anxiety-related attentional biases and their regulation by attentional control.
Journal of Abnormal Psychology. 2002; 111:225–236. [PubMed: 12003445]
Derryberry D, Rothbart MK. Reactive and effortful processes in the organization of temperament.
Development and psychopathology. 1997; 9:633–52. [PubMed: 9448999]
Easterbrook JA. The effect of emotion on cue utilization and the organization of behavior.
Psychological Review. 1959; 66:183–201. [PubMed: 13658305]
Ericsson KA, Simon HA. Verbal reports as data. Psychol Review. 1980; 87:215–251.
Evans DE, Rothbart MK. Developing a model for adult temperament. J Res Pers. 2007; 41:868–888.
Eysenck MW, Derakshan N, Santos R, Calvo MG. Anxiety and cognitive performance: attentional
control theory. Emotion. 2007; 7:336–53. [PubMed: 17516812]
First, MB.; Spitzer, RI.; Williams, JBW.; Gibbon, M. Structured Clinical Interview for DSM-V
(SCID). American Psychiatric Association; Washington, DC: 1995.
Forster S, Nunez Elizalde AO, Castle E, Bishop SJ. Unraveling the anxious mind: anxiety, worry, and
frontal engagement in sustained attention versus off-task processing. Cerebral Cortex. 2013
Giambra LM. A Laboratory Method for Investigating Influences on Switching Attention to TaskUnrelated Imagery and Thought. Consciousness and Cognition. 1995; 4:1–21. [PubMed: 7497092]
Grahn J, Manly T. Common Neural Recruitment across Diverse Sustained Attention Tasks. PloS one.
2012:7.
Gray, JA. The Psychology of Fear and Stress. Cambridge University Press; 1987.
Grillon C. Models and mechanisms of anxiety: evidence from startle studies. Psychopharmacol. 2008;
199:421–37.
Grillon C, Baas JM. A review of the modulation of startle by affective states and its application to
psychiatry. Clinical Neurophysiology. 2003; 114:1557–1579. [PubMed: 12948786]
Gruberger M, Simon EB, Levkovitz Y, Zangen A, Hendler T. Towards a neuroscience of mindwandering. Frontiers in Human Neuroscience. 2011:5. [PubMed: 21441977]
Hansen A, Johnsen B, Thayer J. Relationship between heart rate variability and cognitive function
during threat of shock. Anxiety, stress, and coping. 2009; 22:77–89.
Healy B. The effect of attentional control and heart-period variability on negative affect and trait
anxiety. J Gen Psychol. 2010; 137:140–150. [PubMed: 20441130]
Helton WS, Kern RP, Walker DR. Conscious thought and the sustained attention to response task.
Consciousness and Cognition. 2009; 18:600–607. [PubMed: 19589699]
Herrmann MJ, Jacob C, Unterecker S, Fallgatter AJ. Reduced response-inhibition in obsessive–
compulsive disorder measured with topographic evoked potential mapping. Psychiatry research.
2003; 120:265–271. [PubMed: 14561438]
Horowitz MJ, Becker SS. Cognitive response to stress and experimental demand. Journal of Abnormal
Psychology. 1971; 78:86–92. [PubMed: 5097100]
Hu N, He S, Xu B. Different efficiencies of attentional orienting in different wandering minds.
Consciousness and Cognition. 2012; 21:139–148. [PubMed: 22248446]
Johnson K, Barry E, Bellgrove M, Cox M, Kelly S, Dáibhis A, Daly M, Keavey M, Watchorn A,
Fitzgerald M, McNicholas F, Kirley A, Robertson I, Gill M. Dissociation in response to
methylphenidate on response variability in a group of medication naïve children with ADHD.
Neuropsychologia. 2008; 46:1532–1541. [PubMed: 18289615]
Judah MR, Grant DM, Mills AC, Lechner WV. Factor structure and validation of the attentional
control scale. Cognition and Emotion. 2013; 28:433–451. [PubMed: 24044520]
Klinger, E. Structure and functions of fantasy. Wiley-Interscience; New York, NY: 1971.
Lang PJ, Bradley MM, Cuthbert BN. A motivational analysis of emotion: reflex-cortex connection.
Psychological Science. 1992; 3:44–49.
Langner R, Eickhoff S. Sustaining attention to simple tasks: a meta-analytic review of the neural
mechanisms of vigilant attention. Psychological Bulletin. 2013; 139:870–900. [PubMed:
23163491]

Cogn Emot. Author manuscript; available in PMC 2016 June 01.

Grillon et al.

Page 14

Author Manuscript
Author Manuscript
Author Manuscript
Author Manuscript

Manly T, Robertson IH, Galloway M, Hawkins K. The absent mind: further investigations of sustained
attention to response. Neuropsychologia. 1999; 37:661–670. [PubMed: 10390027]
McVay JC, Kane MJ. Conducting the train of thought: Working memory capacity, goal neglect, and
mind wandering in an executive-control task. Journal of experimental psychology. Learning,
memory, and cognition. 2009; 35:196–204.
McVay JC, Kane MJ. Does mind wandering reflect executive function or executive failure? Comment
on Smallwood and Schooler (2006) and Watkins (2008). Psychological Bulletin. 2010; 136:188–
97. [PubMed: 20192557]
McVay JC, Kane MJ. Drifting from slow to “D’oh!”: working memory capacity and mind wandering
predict extreme reaction times and executive control errors. Journal of experimental psychology.
Learning, memory, and cognition. 2012a; 38:525–549.
McVay JC, Kane MJ. Why does working memory capacity predict variation in reading
comprehension? On the influence of mind wandering and executive attention. Journal of
Experimental Psychology: General. 2012b; 141:302–320. [PubMed: 21875246]
Mechias ML, Etkin A, Kalisch R. A meta-analysis of instructed fear studies: Implications for
conscious appraisal of threat. Neuroimage. 2010; 49:1760–1768. [PubMed: 19786103]
Nigg JT. Temperament and developmental psychopathology. J Child Psychol Psychiatry. 2006;
47:395–422. [PubMed: 16492265]
Pardo JV, Fox PT, Raichle ME. Localization of a human system for sustained attention by positron
emission tomography. Nature. 1991; 349:61–64. [PubMed: 1985266]
Peebles, D.; Bothell, D., editors. Modelling performance in the Sustained Attention to Response Task.
Carnegie Mellon University/University of Pittsburgh; Pittsburgh, PA: 2004.
Pessoa L. How do emotion and motivation direct executive control? Trends in cognitive sciences.
2009; 13:160–6. [PubMed: 19285913]
Quay HC. Inhibition and attention deficit hyperactivity disorder. J Abnorm Child Psychol. 1997; 25:7–
13. [PubMed: 9093895]
Righi S, Mecacci L, Viggiano M. Anxiety, cognitive self-evaluation and performance: ERP correlates.
Journal of Anxiety Disorders. 2009; 23:1132–1138. [PubMed: 19695828]
Robertson IH, Manly T, Andrade J, Baddeley BT, Yiend J. ‘Oops!’: Performance correlates of
everyday attentional failures in traumatic brain injured and normal subjects. Neuropsychologia.
1997; 35:747–758. [PubMed: 9204482]
Robinson OJ, Krimsky M, Grillon C. The impact of induced anxiety on response inhibition. Front
Hum Neurosci. 2013a; 7:69. [PubMed: 23471118]
Robinson OJ, Vytal K, Cornwell BR, Grillon C. The impact of anxiety upon cognition: perspectives
from human threat of shock studies. Front Hum Neurosci. 2013b; 7:203, 203. [PubMed:
23730279]
Rothbart, MK.; Derryberry, D. Development of individual differences in temperment. In: Lamb, ME.;
Brown, AL., editors. Advances in developmental psychology. Lawrence Erlbaum Associates;
Hillsdale: 1981. p. 37-86.
Sehlmeyer C, Konrad C, Zwitserlood P, Arolt V, Falkenstein M, Beste C. ERP indices for response
inhibition are related to anxiety-related personality traits. Neuropsychologia. 2010; 48:2488–2495.
[PubMed: 20434466]
Singh IL, Dwivedi CB, Sinha MM. Effects of anxiety on vigilance. Perceptual and Motor Skills. 1979;
49:142. [PubMed: 503726]
Smallwood J, Davies JB, Heim D, Finnigan F, Sudberry M, O’Connor R, Obonsawin M. Subjective
experience and the attentional lapse: Task engagement and disengagement during sustained
attention. Consciousness and Cognition. 2004; 13:657–690. [PubMed: 15522626]
Smallwood J, Fitzgerald A, Miles L, Phillips L. Shifting moods, wandering minds: negative moods
lead the mind to wander. Emotion. 2009; 9:271–276. [PubMed: 19348539]
Spence KW, Farber IE, McFann HH. The relation of anxiety (drive) level to performance in
competitional and non-competitional paired-associates learning. Journal of Experimental
Psychology. 1956; 52:296–305. [PubMed: 13367354]
Spielberger, CD. Manual for the State-Trait Anxiety Inventory. Consulting Psychologist Press; Palo
Alto, CA: 1983.
Cogn Emot. Author manuscript; available in PMC 2016 June 01.

Grillon et al.

Page 15

Author Manuscript
Author Manuscript

Stifter CA, Jain A. Psychophysiological correlates of infant temperament: Stability of behavior and
autonomic patterning from 5 to 18 months. Dev Psychol. 1996; 29:379–391.
Su JC, Tran AGTT, Wirtz JG, Langteau RA, Rothman AJ. Driving Under the Influence (of Stress):
Evidence of a Regional Increase in Impaired Driving and Traffic Fatalities After the September 11
Terrorist Attacks. Psychological science. 2009; 20:59–65. [PubMed: 19152541]
Teasdale JD, Proctor L, Dritschel BH, Taylor MJ, Lloyd CA, Nimmo Smith I, Baddeley AD.
Stimulus-independent thought depends on central executive resources. Memory & cognition.
1995; 23:551–559. [PubMed: 7476241]
Thayer JF, Lane RD. A model of neurovisceral integration in emotion regulation and dysregulation. J
Affect Disord. 2000; 61:201–16. [PubMed: 11163422]
Van Dillen L, Koole S. Clearing the mind: a working memory model of distraction from negative
mood. Emotion. 2007; 7:715–723. [PubMed: 18039038]
Vinski MT, Watter S. Being a grump only makes things worse: a transactional account of acute stress
on mind wandering. Frontiers in Psychology. 2013:4. [PubMed: 23378839]
Vytal K, Cornwell B, Arkin N, Grillon C. Describing the interplay between anxiety and cognition:
From impaired performance under low cognitive load to reduced anxiety under high load.
Psychophysiology. 2012; 49:842–852. [PubMed: 22332819]
Wiersema J, Roeyers H. ERP Correlates of Effortful Control in Children with Varying Levels of
ADHD Symptoms. Journal of abnormal child psychology. 2009; 37:327–336. [PubMed:
19037722]
Wright L, Lipszyc J, Dupuis A, Thayapararajah S, Schachar R. Response inhibition and
psychopathology: a meta-analysis of go/no-go task performance. Journal of Abnormal Psychology.
2014; 123:429–39. [PubMed: 24731074]

Author Manuscript
Author Manuscript
Cogn Emot. Author manuscript; available in PMC 2016 June 01.

Grillon et al.

Page 16

Author Manuscript
Author Manuscript

Fig. 1.

Proportion of each thought type in the safe and threat conditions. TRTs = task-related
thoughts; nonthreatTUTs = threat-unrelated and task-unrelated thoughts; threatTUTs =
threat-related and task-unrelated thoughts. Error bars are standard error of the mean. *** for
p<.0009.
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Fig. 2.

Accuracy rates on nogo trials during the safe and threat conditions in the low and high ACS
groups. Error bars are standard error of the mean. *** for p<.0009.
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Performance to go and nogo trials in the safe and threat condition
Safe

Threat

Nogo accuracy

.70 (.02)

.75 (.02)**

Go accuracy

.89 (.01)

.90 (0.1)

Go RT

342.3 (6.1) ms

339.2 (6.1) ms

Go variability

133.0 (8.0) ms

120.1 (8.0) ms*

RT to 4 go trials before nogo trials
- Correct omission

341.5 (8.0) ms

338.2 (7.3) ms

- Commission errors

324.1 (10.6) ms^

298.5 (7.7) ms^

*

for p=.015;

**
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for p=.0006;

^

for main effect of false alarm vs. correct omission: p=.0001
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