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Abstract

Low attentional control (AC) and high anxiety are closely linked. Researchers often presume that 

high anxiety reduces AC; however, the reverse causal possibility – that low AC increases anxiety – 

is equally plausible. We addressed this question in people with elevated trait anxiety by evaluating 

the temporal precedence of the AC-anxiety association. We tested whether autonomic arousal 

(electrodermal activity) and subjective anxiety elicited by an anxiety induction were associated 

more strongly with AC measured either pre-induction (N = 40) or post-induction (N = 38). Low 

AC was indexed by distractibility during a visual search task requiring attentional inhibition of 

emotionally neutral distractors. Higher distractibility predicted higher autonomic activation but not 

higher increases in self-reported anxiety. Critically, this AC-anxiety association occurred for pre-

induction but not post-induction AC. The results suggest that low AC may heighten subsequent 

anxious arousal. By implication, treatment interventions should specifically enhance AC to 

alleviate anxiety.
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1. Introduction

People who suffer from anxiety show signs of low attentional control (AC; Ansari & 

Derakshan, 2011; Bishop, 2009; Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010; Qi, 
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Ding, & Li, 2013). This impaired ability to control attention in a goal-directed way 

manifests as difficulty resisting interference from irrelevant information. The association 

between anxiety and attentional control is evident for transient anxious moods (i.e., state 

anxiety) (Richey, Keough, & Schmidt, 2012; Spada, Georgiou, & Wells, 2010) and for 

enduring anxious dispositions (i.e., trait anxiety) (Derryberry & Reed, 2002; Healy & Kulig, 

2006; Judah, Grant, Mills, & Lechner, 2013; Moriya & Tanno, 2008).

A prominent view regarding the AC-anxiety association is that anxiety causes AC deficits, as 

codified in Attentional Control Theory (ACT; Eysenck, Derakshan, Santos, & Calvo, 2007; 

Eysenck & Derakshan, 2011). Evidence for the idea that high anxiety causes low AC 

emerges from studies in which anxiety was manipulated to determine its causal effects. For 

example, state anxiety induced by a verbal arithmetic task decreased self-reported AC 

(Putman, Verkuil, Arias-Garcia, Pantazi, & van Schie, 2013). Evidence suggests that a 

similar state anxiety induction creates a behavioral AC deficit (i.e., distractibility measured 

by response slowing associated with distractor stimuli) more in high- than low-trait-anxious 

people (Keogh & French, 1997).

However, despite the evidence above, the inferences to be drawn about the AC-anxiety 

association remain unclear for three reasons. First, experimental manipulations of anxiety do 

not always impair AC (Hoskin, Hunter, & Woodruff, 2014; Hu, Bauer, Padmala, & Pessoa, 

2012; Robinson, Krimsky, and Grillon, 2013). Nevertheless, a substantial body of research 

shows that anxiety instilled via threat of shock does indeed impair AC. For example, Choi, 

Padmala, and Pessoa (2012) showed that threat of shock increased interference on a 

response-conflict task and that higher state anxiety was correlated with greater interference. 

Cornwell, Mueller, Kaplan, Grillon, and Ernst (2012) showed that threat of shock slowed 

response inhibition involving visual attention in an antisaccade task. Thus, although findings 

are mixed about the effects of manipulated anxiety on AC, the threat-of-shock literature in 

particular does nevertheless show some clear causal evidence that anxiety impairs AC.

Second, in a substantial subset of studies that show an AC-anxiety association, anxiety was 

not experimentally manipulated. This is often the case in studies examining AC in people 

with high versus low trait anxiety (e.g., Moser, Becker, & Moran, 2012) or social anxiety 

(Wieser, Pauli, & Muhlberger, 2009). Any AC-anxiety associations observed in such studies 

that did not manipulate anxiety were not necessarily caused by anxiety. For example, 

Derakshan, Ansari, Hansard, Shoker, and Eysenck (2009) clearly demonstrated that high 

trait anxiety is associated with a deficit in inhibiting visual attention, as measured in an 

antisaccade task involving neutral stimuli. It is unclear whether (a) trait anxiety dampens the 

ability to inhibit attention (i.e., anxiety is the cause, AC is the effect), (b) a chronic inability 

to inhibit attention creates frequent anxious moods that manifest as trait anxiety (i.e., AC is 

the cause, anxiety is the effect), (c) both, or (d) neither (i.e., there is no causal effect and 

rather an unmeasured, third variable explains the association).

Third, some theories (e.g., Lonigan, Vasey, Phillips, & Hazen, 2004; Nigg, 2006; Sportel, 

Nauta, de Hullu, de Jong, & Hartman, 2011) and recent empirical works are consistent with 

the idea that low AC causes high anxiety. By way of empirical example, lower preexisting 

AC predicts higher post-traumatic stress symptoms after a traumatic event, even after 
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controlling for baseline levels of these symptoms (Bardeen, Fergus, & Orcutt, 2015). In 

addition, treatments that aim to improve AC have been shown to reduce negative affect 

(Callinan, Johnson, & Wells, 2014; Siegle, Ghinassi, & Thase, 2007). By extrapolation, low 

AC may contribute to negative affect, in which case shoring up AC in and of itself may hold 

therapeutic promise for treating anxiety. Indeed, Sari, Koster, Pourtois, and Derakshan 

(2015) found that a three-week working memory intervention led to gains in AC that were 

associated with reductions in anxiety. Nevertheless, the majority of anxiety interventions do 

not target low AC for treatment (for a review, see Deacon & Abramowitz, 2004).

Overall, although there is compelling evidence to suggest that low AC and high anxiety are 

related, it is still not known whether low AC causes high anxiety, high anxiety causes low 

AC, or both. Our lack of understanding about the causal relations underlying the anxiety-AC 

association represents a barrier to developing interventions that maximize symptom 

improvement. Although an experimental manipulation of AC would be the ideal way to 

determine whether an AC deficit causes anxiety (or whether trained AC protects against 

anxiety), experimental manipulations of AC are difficult to achieve (e.g., Calkins et al., 

2011).

Fortunately, one does not need to manipulate AC to get closer to making causal inferences 

about the association between AC and anxiety. Instead, one can examine temporal 

precedence with respect to the relationship between these two constructs. Temporal 

precedence reflects the idea that whenever changes in one variable cause changes in another, 

the cause must precede the effect (Shadish, Cook, & Campbell, 2002). According to 

Kraemer, Stice, Kazdin, Offord, and Kupfer (2001), evaluating temporal precedence is a 

critical tool for understanding risk factors in psychopathology, of which problems of anxiety 

represent one common and pernicious example.

In the present study, we harnessed temporal precedence in the context of naturally-occurring 

fluctuations in both AC and anxiety. We reasoned that, if AC deficits indeed create a 

subsequent rise in anxiety, then low AC should predict high anxiety more strongly when AC 

is measured before than after an anxiety-eliciting event. In contrast, if anxiety results in a 

subsequent drop in AC, then the association should be stronger when AC is measured after 

than before the anxiety-eliciting event. Whether the anxious mood state impairs AC and/or 

low AC facilitates the rise of the anxious mood state, the nature of the association between 

the two constructs should be detectable – and indeed likely clarified – when investigated on 

a short time scale in a well controlled experimental design with a sizable participant sample. 

Based on this logic, we measured AC deficits behaviorally using a reaction time index of 

distraction cost derived from the Irrelevant Singleton Task (Moser et al., 2012), henceforth 

referred to as the distraction task. Previous research validates the use of this task for 

measuring AC that covaries with anxiety as expected. Specifically, higher distractibility 

scores in this distraction task have been associated with higher levels of trait anxiety among 

a sample of young adult women (Moser et al., 2012) and with post-traumatic stress 

symptoms in a sample of war veterans with trauma exposure (Esterman et al., 2013). 

Furthermore, the task measures AC objectively by way of reaction times, and it assesses AC 

in a non-threatening context so that pure AC can be isolated from the separate construct of 

attentional bias to threat, which is also associated with anxiety (Bar-Haim, Lamy, Pergamin, 
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Bakermans-Kranenburg, & van IJzendoorn, 2007). These advantages make this task ideally 

suited to investigate the temporal precedence question in the present study.

Additionally, we measured anxiety objectively as the average level of electrodermal activity 

during an anxiety induction and subjectively based on ratings collected before and after the 

induction. The anxiety induction consisted of a modified version of the Trier Social Stress 

Test (TSST; Kirschbaum, Pirke, & Hellhammer, 1993) involving a pair of socially evaluative 

tasks in which participants delivered a speech and performed math problems aloud while 

being videotaped. The TSST was specifically chosen for its ability to increase activity of the 

autonomic nervous system (Hellhammer & Schubert, 2012) and specifically EDA 

(Hendrawan, Yamakawa, Kimura, Murakami, & Ohira, 2012).

To test temporal precedence, we manipulated the order of the distraction and anxiety tasks 

and assessed whether the AC-anxiety association was present when the distraction task 

preceded or followed the anxious induction, and, if so, whether preexisting AC (pre-

induction) or subsequent AC (post-induction) was a better predictor of elicited anxiety. As 

such, half of the participants completed the AC measure directly before the anxiety 

induction, and the other half of participants completed the AC measure directly after the 

anxiety induction.

We tested three hypotheses. First, we hypothesized that higher distraction cost (i.e., lower 

AC) would be associated with higher trait anxiety, replicating prior literature (Moser et al., 

2012). Second, we hypothesized that higher distraction cost would be associated with higher 

state anxiety as reflected in higher EDA during the induction and higher increases in self-

reported anxiety from pre- to post-induction, also replicating prior literature regarding state 

anxiety. Third, and most importantly, we hypothesized that these effects could depend on 

temporal precedence. If the AC-anxiety association is mainly explained by distractibility 

creating subsequent anxiety, the anxiety measures should covary more with pre- than post-

induction distraction cost. Conversely, if the association is mainly explained by anxiety 

leading to subsequent distractibility, the opposite result should occur. Finally, if the 

association is equally explained by both temporal orders, the anxiety measures should 

covary comparably with pre- and post-induction distraction cost. This research question of 

the moderating effect of temporal precedence depended on our ability to detect an AC-

anxiety relationship. Because the relationship between low AC and state anxiety is most 

evident in people with elevated trait anxiety (e.g., Pacheco-Unguetti et al., 2010), we 

recruited people with moderate to high dispositional anxiety to test these hypotheses.

2. Method

2.1. Participants

All potential participants completed a confidential online survey to determine eligibility for 

the study. The survey was administered via Qualtrics for paid participants and via Sona 

Systems Ltd., for participants receiving course credit. Eligible participants had moderate to 

high trait anxiety as indicated by the State-Trait Anxiety Inventory, Form Y2 (STAI-Y2; 

Spielberger, 1983), with total scores greater than the median score (42) of a separate 
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undergraduate sample at Tufts University (unpublished). Eligible participants were aged 18–

65 years old and not colorblind.

Seventy-eight young adults (39 females and 39 males; M = 26.10 years old; SD = 11.84) 

from Tufts University and the nearby community participated for course credit or monetary 

compensation. Forty participants were randomly assigned to the distraction-first order, and 

38 participants were randomly assigned to the anxiety elicitation-first order. We determined 

the sample size by recruiting an additional 10 participants above the suggested sample size 

of 68 calculated by the software program G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 

2007) for a two-tailed linear regression analysis with a medium a priori effect size of 0.15, 

power (1-beta) of .80, two predictors, and alpha = .05. Participants were 64.10% Caucasian, 

20.51% Asian or Asian American, 7.69% Black or African American, 1.28% American 

Indian or Alaska Native; 3.85% declined to provide this information. Of the total sample, 

5.13% endorsed being of Hispanic origin and 3.85% declined to provide this information. 

Information about income and socioeconomic status was not collected. All study procedures 

were approved by the Institutional Review Board at Tufts University, and all participants 

provided written informed consent prior to participating in the study.

2.1. Materials

2.2.1. Distraction task—The distraction task involved the presentation of an array of ten 

shapes on the screen. Participants were instructed to search for the uniquely shaped object 

(e.g., the one circle amid nine diamonds) and then press one of two keys as quickly and 

accurately as possible to indicate whether the line inside that target shape was either 

horizontal or vertical. Half the trials included a colored distractor item that was never located 

in the same location as the target item (e.g., one red shape amid nine green shapes), and half 

the trials included no distractor (e.g., ten green shapes). Consistent with Moser et al. (2012), 

a distraction cost dependent variable was designed to reflect inefficient attentional focusing 

required to inhibit the processing of distractors. Therefore, we computed this measure as the 

difference between reaction times on distraction and non-distraction trials (distraction RT 

minus non-distraction RT). See Fig. 1 for a schematic representation of the task.

The distraction task consisted of a block of 20 practice trials followed by a block of 80 test 

trials. For the practice trials, the levels of the factor of Distraction (distraction trials, non-

distraction trials) each consisted of 10 trials with a random order of presentation. For the test 

trials the levels of the factor of Distraction (distraction trials, non-distraction trials) each 

consisted of 40 trials with a random order of presentation. A trial began with a fixation 

cross, presented for 1000 ms. The array of ten shapes, including the target shape, was then 

presented until the participant made a button-press response (i.e., the “f” key for horizontal 

or the “g” key for vertical). Participants heard a brief, low-pitched sound immediately after 

making incorrect responses throughout the task in order to encourage accurate responding 

and to alert participants if their hands were mistakenly positioned over the wrong keys.

2.2.1.1. Anxious mood induction: During the anxiety-inducing TSST, participants were 

granted exactly three minutes to prepare a speech. During this brief period, they were 

instructed to take notes on a piece of paper that would be subsequently taken away from 
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them before the speech began. The TSST proper then followed in two separate parts. First, 

participants delivered a five-minute speech about one of two pre-determined pairs of topics, 

which were randomly assigned for each participant. The first pair of topics was “your 
leadership skills and your ability to work as part of a team of people.” The second pair of 

topics was “your organization skills and your ability to meet deadlines under pressure.” The 

experimenters ensured that participants continued speaking up until the end of the 300-s task 

with no gaps in participant speaking longer than approximately 10 s. Then, participants 

completed mental arithmetic aloud for five minutes without the aid of pen and paper using 

one of two instructions, which were randomly assigned to each participant. One instruction 

was to count out loud backwards from 2104 in increments of 13, and the other instruction 

was to count out loud backwards from 2223 in increments of 17. The experimenter promptly 

told participants every time they made an error and instructed them to begin again from the 

original number. To increase anxiety stemming from social evaluative threat, the 

experimenter deceptively told participants that “the math is quite easy, and most people do 

not have a problem with it.”

The TSST was modified slightly from the standard version (Kirschbaum et al., 1993) to 

accommodate limited space in the experimental booth. Instead of a panel of judges being 

physically present in the same room as participants, there was a single judge (the 

experimenter) who communicated with participants via an intercom system. To maintain 

similarity with the traditional TSST, the experimenter instructed the participants deceptively 

before the TSST as follows: “Two of the research affiliates are trained in verbal and 
nonverbal communication. They will review the video recording together and will take notes 
regarding the manner and content of your speech, including notes about body language and 
the persuasiveness of your argument.” Given that the absence of a panel of in-person judges 

could potentially reduce the level of induced anxiety, we added an additional element to 

boost anxiety. Specifically, on the computer monitor 60 cm in front of them, participants saw 

a continuous full-screen video feed of their faces as they performed the speech and math 

tasks.

2.2.2. Questionnaires

2.2.2.1. Trait anxiety: The STAI-Y2 (Spielberger, 1983) is a 20-item measure of trait 

anxiety (e.g., I have disturbing thoughts; I get in a state of tension or turmoil as I think over 
my recent concerns and interests). This scale had excellent internal consistency reliability 

(Cronbach’s α = .91) for the present sample.

2.2.2.2. State anxiety: The State-Trait Inventory of Cognitive and Somatic Anxiety 

(STICSA; Grös, Antony, Simms, & McCabe, 2007) is a 21-item scale that indexes the 

severity of worrisome thoughts (cognitive state anxiety subscale; e.g., I picture some future 
misfortune; I think that the worst will happen) and anxious bodily symptoms (somatic state 

anxiety subscale; e.g., My muscles are tense; I feel trembly and shaky). The cognitive 

(Cronbach’s α = .87 at pre-induction and Cronbach’s α = .91 at post-induction) and somatic 

(Cronbach’s α = .91 at pre-induction and Cronbach’s α = .91 at post-induction) subscales 

each had high internal consistency reliability for the present sample.
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2.2.2.3. Attentional control: The ACS (Derryberry & Rothbart, 1988) is a 20-item measure 

of attentional control. The focusing scale includes items assessing the ability to ignore 

irrelevant information (e.g., When concentrating, I can focus my attention so that I become 
unaware of what’s going on in the room around me; When trying to focus my attention on 
something, I have difficulty blocking out distracting thoughts). The shifting scale includes 

items assessing the ability to switch the focus of attention (e.g., When a distracting thought 
comes to mind, it is easy for me to shift my attention away from it; It is easy for me to 
alternate between two different tasks). Based on a total score across the two scales, the level 

of self-reported AC in the present sample (M = 48.52, SD = 8.74) was similar to the mean of 

a large sample of young adults (M = 50.17, SD = 7.49; Ólafsson et al., 2011). The focusing 

(Cronbach’s α = .81) and shifting (Cronbach’s α = .74) subscales each had high internal 

consistency reliability for the present sample.

2.2.2.4. Additional measures: In addition to the above measures, we administered a set of 

in-house mood rating triplets to assess a wide range of positive and negative feeling states. 

For the sake of brevity, we report only results for the STICSA measure of state anxiety 

below. We also administered a set of surveys to collect demographic information: age, sex, 

race, ethnicity, level of education, marital status, number of children, and number of people 

in household. Information about perceived stress, life satisfaction, and various symptoms 

related to mood, anxiety, and depression were also collected but will not be discussed further 

in the present manuscript.

2.2. Procedure

Interested potential participants were screened for eligibility via email. Eligible participants 

were scheduled for a laboratory session. After the informed consent process at the beginning 

of the lab session, two sets of electrodes were attached. Two EDA electrodes were attached 

to the index and middle fingertips of the nondominant hand, and a ground electrode was 

attached on the back of the neck. Two elecromyography electrodes were attached to the 

corrugator muscle, just above the left eyebrow. Note that results pertaining to the corrugator 
measure will not be reported for reasons elaborated in the next section.

Participants completed the distraction task to assess the AC deficit. They completed both the 

arithmetic and speaking components of the TSST to elicit state anxiety. Mood ratings (i.e., 

mood triplets and STICSA) were administered immediately before and immediately after the 

TSST. Critically, as our manipulation of time of AC measurement, approximately half of the 

participants completed the AC measure directly before the TSST (pre-induction time of 

measurement), and the other half of participants completed the AC measure directly after the 

TSST (post-induction time of measurement). A between-subjects manipulation was 

desirable because it prevented confounding our measure of AC with practice and 

sensitization effects due to prior exposure to the distraction task in the same session.

Following these tasks, participants completed additional tasks that will not be discussed 

further in this manuscript. These additional tasks were an Attention Bias Modification 

Treatment and a repetition of the distraction task and the TSST. Note that all participants 

completed the first instances of the distraction task and the TSST, which are the ones 
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considered herein, before these additional tasks. The session ended with trait questionnaires 

administered on Qualtrics, a short humorous clip to improve participants’ mood, removal of 

electrodes, and debriefing. The total duration of the study session was approximately 120 

min per participant. For-pay participants were compensated with 30 dollars, and for-credit 

participants received experimental credit in partial fulfillment of a psychology course 

requirement.

2.2.1. Physiological data collection, reduction, and analysis—As part of this 

study, we recorded electrodermal activity throughout the session, specifically average 

electrodermal activity (EDA). In addition to self-reported anxiety, EDA served as the 

primary index of anxious responding for two reasons. First, previous work examining AC 

and anxiety has often used self-reported measures of one or both constructs, which may lead 

to erroneously inflated estimates of variance (Derryberry & Reed, 2002; Healy, 2010; Healy 

& Kulig, 2006; Moriya & Tanno, 2008). Second, self-reported emotion collected before and 

after anxiety inductions is not always correlated with physiological anxiety during the 

inductions (Hellhammer & Schubert, 2012); subjective reports of anxiety are thus an 

unreliable proxy for the bodily manifestations of anxiety driven by the autonomic nervous 

system. We recorded EDA and corrugator muscle activity continuously during the tasks, but 

we report the results of EDA only since it is an appropriate measure of autonomic arousal 

(Dawson, Schell, & Filion, 2007) and since EDA may be less likely than corrugator activity 

to be affected by participants’ socially motivated attempts to show positive emotion on their 

faces during the videotaped TSST, especially during the mock job interview.

The following procedures for electrodermal activity were very similar to those reported by 

Urry (2010). Data were recorded with a sampling rate of 1000 Hz using Biopac MP150 

hardware and Acq-Knowledge 3.8.2 software (Biopac, Goleta, CA, USA). Two disposable 

Ag/AgCl electrodes pregelled with 0.5% chloride isotonic gel (1 cm circular contact area) 

were attached to the distal phalanges of the index and middle fingers on the nondominant 

hand. EDA level was recorded with DC coupling and constant voltage electrode excitation at 

31.25 Hz (sensitivity .7 nS). Offline, EDA was smoothed with a 1 Hz low-pass filter, 

decimated to 10 Hz, and linearly detrended on a trial-by-trial basis.

Average EDA was calculated across the duration of the distraction task beginning with the 

first fixation cross until the end of the last trial. The same measures were computed 

separately for the speech and math portions of the TSST. The average EDA across the TSST 

speech and TSST math tasks was computed for each participant as the key measure of 

anxiety-related autonomic arousal.

3. Results

3.1. Data retention

For analyses involving distraction cost (N = 76), one participant was excluded for poor 

performance indicative of non-compliance or failure to comprehend instructions (i.e., fewer 

than 2/3 of trials answered correctly for the distraction or no-distraction conditions; this 

accuracy rate was well below typical accuracy rates, as reported in the next section below). 

Participants with extreme outliers for key variables were excluded from the analyses. 
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Extremely high and low values were defined as values more than three times the 

interquartile range above the 75th percentile and below the 25th percentile, respectively. One 

additional participant was excluded for having an extremely high RT for the no-distractor 

condition. No additional participants were excluded for having extreme values for the 

distractor condition or the distraction cost metric.

For analyses involving self-reported state anxiety measures (STICSA total, cognitive, and 

somatic scales; N = 73), one participant did not complete the STICSA measures before the 

TSST, and three participants did not complete the STICSA measures after the TSST. One 

participant opted not to complete the TSST speech preparation and speech tasks, and 

therefore all data related to the TSST were excluded for this participant.

For analyses involving EDA for the TSST (N = 76), one participant had no usable 

physiological data for any of the TSST tasks due to technical issues, and the aforementioned 

participant who did not complete the entire TSST was excluded. No further participants 

were excluded for having extreme values for EDA on the distraction task, TSST speech, or 

TSST math.

These exclusions result in N = 76 for hypothesis 1, N = 71 for testing hypotheses 2 and 3 

with self-reported somatic anxiety as the dependent variable, and N = 74 for testing 

hypotheses 2 and 3 with EDA as the dependent variable.

3.2. Manipulation check for distraction cost

We conducted paired t-tests to determine whether the visual distractors increased reaction 

time and reduced accuracy in the distraction task. Indeed, reaction time was higher for the 

distractor condition (M = 1742.70 ms, SD = 537.36) than the no-distractor condition (M = 

1496.27 ms, SD = 444.00), t(75) = 10.94, p < .001, Mdistraction-cost (SD) = 246.43 ms 

(196.47), 95% CI [201.53, 291.32], d = .445. Accuracy was marginally lower for the 

distractor condition (M = 96.18% correct, SD = 4.92%) than the no-distractor condition (M 
= 97.27% correct, SD = 3.61%), t(75) = −1.98, p = .052, Mdifference (SD) = −1.09% correct 

(4.78%), 95% CI [−2.18%, 0.01%], d = .248. Overall accuracy was thus very high. Overall 

accuracy was not correlated with distraction cost, r(74) = .10, p = .410, suggesting that the 

amount of error feedback encountered was unrelated to the measure of AC.

3.3. Manipulation check of TSST anxiety induction

We conducted paired t-tests to determine whether self-reported somatic and cognitive 

anxiety (measured by the STICSA) was induced by the TSST. Somatic anxiety increased 

from pre-TSST (M = 15.51, SD = 4.23) to post-TSST (M = 18.78, SD = 5.35), t(72) = 6.54, 

p < .001, Mchange (SD) = 3.27 (4.27), 95% CI [2.28, 4.27], d = 0.678, but self-reported 

cognitive anxiety did not increase significantly from pre-TSST (M = 18.88, SD = 6.77) to 

post-TSST (M = 19.33, SD = 6.22), t(72) = .82, p = .413, Mchange (SD) = .45 (4.65), 95% CI 

[−.64, 1.53], d = .069.

Similarly, we conducted paired t-tests to determine whether the EDA measure successfully 

indexed state anxiety induced by the TSST. The index of EDA during the distraction task, 

which is ostensibly not a stressor, was used as a control comparison in these tests. As 
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expected, EDA was robustly elevated during the TSST speech task (M = 10.96 μS, SD = 

5.54) relative to the distraction task (M = 8.66 μS, SD = 4.85), t(75) = 7.87, p < .001, 

Mchange (SD) = 2.31 (2.56), 95% CI [1.72, 2.89], d = .429, and during the TSST math task 

(M = 10.89 μS, SD = 5.45) relative to the distraction task (M = 8.66 μS, SD = 4.85), t(75) = 

8.13, p < .001, Mchange (SD) = 2.24 (2.40), 95% CI [1.69, 2.79], d = .432.

In summary, the TSST was successful in creating a state of anxiety. It instilled subjectively 

experienced bodily symptoms of anxiety, and it resulted in heightened activation of the 

sympathetic branch of the autonomic nervous system.

3.4. Testing for differences in AC and anxiety associated with time of AC measurement

3.4.1. Preliminary analyses—Table 1 presents the correlations among the behavioral 

measure of AC deficit (distraction cost), the self-reported measure of AC (ACS total score), 

trait anxiety (STAI total score), the self-reported measures of state anxiety (STICSA somatic 

and cognitive scores), average EDA during the distraction task, average EDA during the 

TSST speech task, and average EDA during the TSST math task. There were no group 

differences in trait anxiety, self-reported AC, average EDA during the distraction task, 

average EDA during the TSST speech task, average EDA during the TSST math task, or 

distraction cost, all ps ≥ .192. Additionally, we used Levene’s test for equality of variances 

to verify that there were no group differences in the variability of distraction cost when 

measured before the TSST (SD = 171.51 ms) and when measured after the TSST (SD = 

224.67 ms), F(1,73) = .883, p = .350, indicating that both the mean and variance of the 

critical measure of behavioral AC did not vary by time of measurement (pre-induction, post-

induction).

Of interest and as expected, higher distraction cost showed a marginally significant 

association with lower self-reported ACS total scores, r(70) = −.216, p = .070. Though not 

significant, the direction of the association suggests that the behavioral measure of low AC 

may correspond somewhat to people’s self-reported perceptions of their own AC.

3.4.2. Hypothesis testing—To test hypothesis 1 that higher distraction cost would be 

associated with higher trait anxiety, we performed bivariate correlations. To test hypotheses 

2 and 3 that higher distraction cost would be associated with higher state anxiety and that 

temporal precedence could moderate anxiety-AC associations, we computed separate linear 

regression models using PROCESS in SPSS (Hayes, 2013) for the measures of subjective 

and physiological state anxiety, as described below.

3.4.3. Is higher distraction cost associated with higher trait anxiety?—Contrary 

to hypothesis 1, higher distraction cost was not significantly correlated with higher self-

reported trait anxiety, r(74) = .191, p = .098.1 Note, though, that the association represented 

a trend in the direction reported by Moser et al. (2012).

1The association between distraction cost and trait anxiety reported in Table 1, r(70) = .210, p < .078, differs from the test of 
hypothesis 1, r(74) = .191, p < .098, due to a different number of included participants; the table represents only participants who 
completed all measures represented therein.
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3.4.4. Is higher distraction cost associated with higher subjective anxiety and 
is this association moderated by temporal precedence?—The model for self-

reported anxiety was constructed such that distraction cost predicted STICSA somatic 

scores. We entered the time of AC measurement (pre-induction, post-induction) as the 

moderator of this relationship to test whether the association between AC and anxiety 

depends on whether the measurement of AC precedes or follows the measurement of 

subjective anxiety. The somatic STICSA score at the start of the TSST was entered as a 

covariate on the dependent measure in order to control for individual differences in 

subjective anxiety that were unrelated to the anxiety induction. Since heightened error 

monitoring is linked with anxiety—albeit for trait rather than state anxiety (Olvet & Hajcak, 

2008), the proportion of accurate trials during the distraction task was entered as an 

additional covariate on the dependent measure in order to control for the amount of rarely 

encountered error feedback as a potential correlate of anxiety. We focused here on STICSA 

somatic scores because the TSST specifically increased somatic but not cognitive subjective 

anxiety, as described above.

The overall model was significant, R2 = .41, F(5, 65) = 24.36, p < .001. Accuracy during the 

distraction task did not predict self-reported somatic anxiety, b = 16.028, p = .248, 95% CI 

[−11.424, 43.479]. Unexpectedly and contrary to hypothesis 2, higher distraction cost did 

not predict higher self-reported somatic anxiety, b = .002, p = .371, 95% CI [−.003, .007]. 

Time of AC measurement was not a significant predictor, b = −.484, p = .664, 95% CI 

[−2.695, 1.728]. Furthermore, there was no interaction effect of Distraction Cost × Time of 

AC Measurement, b < .001, p = .998, 95% CI [−.009, .009]. Regarding hypothesis 3, higher 

distraction cost did not predict higher self-reported somatic anxiety differently among 

participants for whom AC was measured pre-induction (p = .491) or post-induction (p = .

559). Indeed, distraction cost did not predict self-reported anxiety at all in this experimental 

context.

3.4.5. Is higher distraction cost associated with higher autonomic arousal and 
is this association moderated by temporal precedence?—The model for the 

physiological measure of anxiety was constructed such that distraction cost predicted 

average EDA across the speech and math tasks of the TSST. As above, we entered the time 

of AC measurement (pre-induction, post-induction) as the moderator of this relationship. 

The average EDA during the distraction task was entered as a covariate on the dependent 

measure in order to control for individual differences in EDA that were unrelated to the 

anxiety induction. Also as above, the proportion of accurate trials during the distraction task 

was entered as an additional covariate on the dependent measure.

The overall model was significant, R2 = .88, F(5, 68) = 98.48, p < .001. Accuracy during the 

distraction task did not predict EDA during the TSST, b = −5.618, p = .293, 95% CI 

[−16.186, 4.951]. Supporting hypothesis 2, higher distraction cost predicted higher EDA 

during the TSST, b = .005, p = .002, 95% CI [.002, .007]. In addition, time-of-AC-

measurement was a significant predictor, b = 2.264, p < .001, 95% CI [1.233, 3.296], such 

that pre-induction time of AC measurement was associated with higher EDA during the 

TSST than post-induction time of AC measurement. Critically, however, these two main 

effects were qualified by an interaction effect of Distraction Cost × Time of AC 
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Measurement, b = .008, p = .010, 95% CI [.002, .013]. Supporting hypothesis 3, this 

interaction suggested that higher distraction cost predicted higher EDA during the TSST 

tasks among participants for whom AC was measured pre-induction, b = .008, p = .003, 95% 

CI [.003, .014], but not among participants for whom AC was measured post-induction, b = .

001, p = .257, 95% CI [−.001, .002] (see Fig. 2). This result supports the notion that low AC 

may be a precursor to higher anxious arousal in this experimental context.

4. Discussion

Previous research reveals a robust association between AC and anxiety, but it remains 

unknown whether AC deficits actually lead to subsequent anxiety and should thus be a major 

target for clinical interventions. In the present study, we used a controlled elicitation of state 

anxiety to evaluate the temporal precedence underlying the AC-anxiety association to gain 

insight into what explains it. The present findings supported the idea that preexisting 
variation in AC contributes to autonomic arousal experienced during a subsequent episode of 

anxiety. Specifically, higher distractibility predicted greater levels of autonomic arousal 

during an anxiety induction only when distractibility was measured prior to the induction. In 

contrast, no relationship existed between post-induction distractibility and autonomic 

arousal during the induction. Although we cannot definitively determine causality here, this 

pattern of results suggests that the relationship between low AC and anxiety may be better 

explained by distractibility preceding autonomic arousal than by autonomic arousal 

preceding distractibility. However, because AC scores varied naturally and were not 

experimentally controlled, we cannot rule out the possibility that a third variable accounts 

for the temporally specific association between AC and anxiety.

Why should low AC create high anxiety? First, AC may be a resource for some forms of 

emotion regulation; low AC may, thus, hamper emotion regulation processes that rely on this 

resource (Opitz, Gross, & Urry, 2012). AC recruits prefrontal brain regions implicated in 

reappraising the meaning of situations to regulate negative emotion (Ochsner & Gross, 

2005). Therefore, improved emotion regulation success may explain why lower AC is 

associated with higher negative emotion in response to negative stimuli (Compton, 2000) 

and distressing situations (Gyurak et al., 2012). Second, perceived uncontrollability has been 

shown to lead to anxiety (Mineka & Kelly, 1989). Since low AC entails a lack of control 

over one’s own cognitive activity, which one may be able to perceive, it may instill beliefs 

about the uncontrollability of the present situation, thereby giving rise to anxiety.

Interestingly, there was no association between AC and changes in subjective state anxiety 

for either time of AC measurement; rather, the results were specific to autonomic arousal. 

One possibility regarding this discrepancy between physiology and subjective experience is 

that low AC confers a risk of elevated autonomic arousal when potentially anxiety-eliciting 

situations arise, and this risk may manifest in peripheral physiology even before heightened 

anxiety is consciously experienced. Thus, consistent with findings that emotional stimuli can 

elicit autonomic arousal even in the absence of conscious awareness (Silvert, Delplanque, 

Bouwalerh, Verpoort, & Sequeira, 2004), autonomic arousal may be a more sensitive 

indicator than self-reported anxiety of a newly burgeoning anxious episode. A second 

possibility is that the link between AC and the subjective conscious awareness of anxiety 
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only becomes evident if the anxious episode entails an increase in worrisome thoughts (i.e., 

cognitive anxiety), which was not the case in the present study. A third possibility is that the 

measure of self-reported anxiety, unlike the measure of autonomic activity, failed to capture 

the time of maximal anxiety, which was during the TSST rather than at its end. Future 

research using subjective ratings that are easy and quick to complete repeatedly during the 

anxiety induction (e.g., the Subjective Units of Distress Scale; Wolpe, 1982) could help to 

address this last point.

The results have clear theoretical implications. If preexisting AC deficits indeed contribute 

to anxious arousal as proposed by some researchers (Lonigan et al., 2004; Nigg, 2006; 

Sportel et al., 2011), then the AC-anxiety relationship cannot be exclusively explained by 

anxiety’s deleterious effect on cognition. Indeed, in the present study there was actually no 

evidence consistent with the idea that anxiety led to a subsequent AC impairment. This 

consideration has implications for a broadening of the scope of ACT with respect to its 

strong claim that the AC deficits associated with anxiety are caused by anxiety’s impairment 

of the inhibition function and its lack of acknowledgement that the opposite sequence may 

also occur (see Eysenck & Derakshan, 2011). Specifically, ACT may need to broaden its 

scope to account for the possibility that AC deficits promote anxiety in addition to being one 

of anxiety’s unfortunate consequences.

Critically, this exploration of temporal precedence has clinical implications. If AC is a 

resource that can eventually be manipulated reliably (Calkins & Otto, 2013; Papageorgiou & 

Wells, 2000; Siegle et al., 2007), then the present findings suggest that chronic anxiety may 

be lowered by a successful AC-boosting intervention. Indeed, recent evidence suggests, for 

example, that three weeks of daily working memory training improved AC and that AC 

gains were associated with decreases in trait anxiety (Sari et al., 2015). Mindfulness 

meditation training may represent another promising avenue for increasing AC and thus 

decreasing anxiety given early evidence that it facilitates executive attention (e.g., Tang et 

al., 2007). Nevertheless, the majority of anxiety interventions do not target low AC for 

treatment (for a review, see Deacon & Abramowitz, 2004); the present results point to the 

importance of doing so.

The design and methodology of the present study afforded us several advantages, two of 

which bear underscoring here. First, the behavioral and physiological measures of AC and 

anxiety, respectively, do not share a common methodology and are each resistant to demand 

characteristics. Second, the time of AC measurement was a between-subjects factor. Thus, 

the measure of AC was unaffected by confounding practice and sensitization effects that 

would likely have falsely lowered the estimates of post-induction AC in a within-subjects 

design.

Despite these advantages, we acknowledge three noteworthy limitations of this design. First, 

we did not manipulate AC experimentally, and we therefore cannot assert with certainty that 

low AC caused subsequently higher levels of stress-related autonomic activity. However, that 

interpretation is consistent with preliminary empirical support showing a link between AC 

training and negative affect. Engaging AC processes extensively via cognitive control 

training can directly reduce the experience of negative affect (Calkins & Otto, 2013; 
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Callinan et al., 2014; Siegle et al., 2007; but see Calkins et al., 2011). Research in the area of 

AC training represents an exciting avenue for future research and holds promise as an 

effective clinical intervention. Second, we did not assess individual differences in average 

EDA at rest in the absence of an active cognitive task. Instead, we used the average EDA 

during the distraction task to control for individual differences in autonomic activity that 

were unrelated to the anxiety induction. However, there were no differences in EDA during 

the distraction task between the groups with pre- and post-induction time of AC 

measurement, suggesting that this limitation cannot explain the observed pattern of results. 

Third, as mentioned above, the self-reported measure of anxiety occurred before and after 

but not during the anxiety induction when subjective anxiety was likely at its peak.

It should be noted that the association between low AC and anxiety is likely bidirectional. 

This possibility mirrors recent research suggesting that the association between attentional 

bias to threat and anxiety also is bidirectional (Van Bockstaele et al., 2014). The causal 

accounts proposed by proponents of ACT and theorists attempting to account for the 

development of anxiety may both be accurate. Though not supported by the present data, it 

is possible that positive feedback loops occur in which impaired cognition and escalating 

anxiety go hand in hand due to a bidirectional facilitation effect (e.g., low AC contributes to 

anxiety, which in turn further dampens AC). This cycle may help to explain the maintenance 

of anxiety.

It is unclear why we did not observe signs of bidirectional facilitation in this study in that 

AC and anxiety were not associated when AC was measured after the induction. One 

possibility is that the anxiety-inducing effect of the TSST did not persist long enough to 

exert an effect on distraction cost for participants who completed the distraction task after 

the TSST. This possibility is consistent with the lack of difference in autonomic arousal 

during the distraction task between the groups of participants for whom this task occurred 

before or after the TSST. In contrast to previous research that has found an effect of induced 

anxiety on subsequent cognitive performance (e.g., Choi et al., 2012; Cornwell et al., 2012), 

the present study did not involve continuous or even temporally proximal threat (e.g., within 

seconds) in the test of cognitive performance. A second possibility was that participants for 

whom AC was measured post-induction may have benefited from the prefrontal engagement 

required to perform the TSST beforehand. In other words, the AC-reducing effects of 

anxiety may have been obscured by the AC-enhancing effects of organizing and 

implementing a persuasive speech and/or using working memory intensively to perform 

mental arithmetic. This possibility could be tested by replacing the TSST with a state 

anxiety induction (e.g., film clip) that does not recruit intensive top–down control and 

working memory resources.

Although there was a marginally significant hint of such an association, we did not find 

significant support for the first hypothesis that higher distractibility should be associated 

with higher trait anxiety, contrary to previous research (Moser et al., 2012). This may be 

explained in at least two ways. First, it may be that the recruitment of participants with 

elevated trait anxiety reduced our ability to detect the correlation due to the truncated range 

of trait anxiety at the higher end of the distribution. Second, it is possible that the true effect 

is small and thus requires a larger sample to detect, although Moser et al. (2012) actually had 
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a smaller sample than in the present study. An area for future research to explore is whether 

distractibility more strongly predicts state anxiety within minutes of AC measurement than it 

predicts trait anxiety more generally.

In light of our findings and the strengths and limitations of this research, we see three 

compelling additional directions for future research. First, in the present study we only 

examined the AC-anxiety relationship with respect to a single anxiety elicitation. Future 

research should extend this work by measuring distractibility and autonomic activation at 

multiple time points within a single group of participants. This approach will allow us to 

verify whether intact AC protects against the subsequent rise of anxious arousal in response 

to anxiety-eliciting events by testing whether the temporal precedence of AC deficits before 

anxious episodes is a reliable phenomenon.

Second, further experimental studies are warranted to investigate the causal explanations for 

the effect. The causal effect of induced anxiety on distractibility can be tested with a 

modified version of the TSST having a control condition designed not to elicit anxiety. 

Additionally, it is important to test whether the effect of temporal precedence replicates 

across a variety of anxiety-inducing contexts, including ones that are not explicitly social in 

nature (e.g., test anxiety). Future studies should explore the underlying mechanisms that 

could account for the possible adverse effect of AC deficits on anxiety such as impaired 

emotion regulation ability due to low AC (Ochsner & Gross, 2005) and perceived lack of 

control due to low AC (Rapee, Craske, Brown, & Barlow, 1996).

Finally, future research should address the possibility that momentarily bolstering AC on 

short time scales prior to expected anxiety inductions (e.g., job interviews) may help to curb 

the rise of anxious arousal. We have no evidence to suggest that the distraction task boosts 

AC, which underscores the need for future studies to try to do so. The present study suggests 

that the inability to concentrate and focus attention may spur anxiety. If future research bears 

out this claim in the ways outlined above, then efforts to develop clinical interventions 

should be refined to target this specific AC deficit of attentional focusing in order to manage 

and treat anxiety as effectively as possible.

In sum, in a sample of people who face moderate-to-high trait anxiety, we found that a 

behavioral measure of lower attentional focusing, an aspect of AC, predicted a greater 

response of the autonomic nervous system to a subsequent anxiety induction. There was no 

such association when attentional focusing was measured directly after the induction. 

Overall, these results support the notion that low AC may be a precursor to state anxiety 

among people who suffer from anxiety frequently. Since anxiety disorders continue to rank 

among the most prevalent mental health disturbances, collectively afflicting about 3 in 10 

people in the United States (Kessler et al., 2007), understanding what instigates and 

maintains anxiety remains a critical research goal for affective and clinical psychological 

science.
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Fig. 1. 
Trial design of the distraction task. Time advances during the trial from left to right. Two 

sample trials are shown for the no-distractor condition (top) and the distractor condition 

(bottom). The words “Horizontal” and “Vertical” appear on the bottom left and right sides of 

the screen, respectively, to remind participants that the left key, ‘f’, corresponds to horizontal 

targets and the right key, ‘g’, corresponds to vertical targets. The correct answer for both 

sample trials above is the ‘g’ key because the unique shape (the diamond among circles in 

both cases) contains a vertical line.
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Fig. 2. 
Distraction cost and time of AC measurement (pre-induction, post-induction) as predictors 

of average electrodermal activity (EDA) during the Trier Social Stress Test (TSST) tasks. 

Low, medium, and high distraction cost on the x-axis represent values that are one standard 

deviation below the mean, the mean, and one standard deviation above the mean, 

respectively. The estimates plotted on the y-axis are adjusted using the average EDA during 

the distraction task and accuracy rate during the distraction task as covariates in order to 

control for individual differences in autonomic arousal that are unrelated to state anxiety 

elicited by anxiety induction and autonomic arousal associated with the amount of error 

feedback encountered, respectively. Overall, higher distraction costs predicted a 

subsequently higher EDA response to the induction. Critically, this main effect was qualified 

by an interaction of Distraction Cost × Time of AC Measurement such that higher 

distraction costs only predicted higher EDA during the induction for the group with the pre-

induction time of AC measurement (solid line) but not for the group with the post-induction 

time of AC measurement (dotted line).
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