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Abstract

Poor regulation of emotions may involve impaired attention control. In the current paper, we 

report the results of two studies examining the interaction of anxiety, attention control, and 

cognitive load. In Study I, using a performance-based task to assess attention control, we 

examined whether anxiety is associated with impaired attention control, and whether these effects 

are influenced by working memory load. In Study II we examined these effects in patients with a 

diagnosis of Generalized Anxiety Disorder (GAD) compared to non-anxious control (NAC) 

participants. Results of Study I showed that high anxiety was associated with increased attention 

control, that is decreased interference from distractors, but only under high cognitive load. These 

results were replicated in Study II such that individuals with GAD showed increased attention 

control relative to NACs, but only under high cognitive load. These results help clarify previous 

predictions regarding the effect of anxiety on attention control.

Attention control is the ability to use cognitive resources selectively to inhibit the processing 

of certain stimuli. Posner and colleagues (Posner, 1980; Posner, Rothbart, Vizuetta, Levy, 

Thomas, & Clarkin, 2002; Posner & Rothbart, 2007) have posited that attention is not a 

unitary construct, but rather a system of components that carry out the functions of alerting, 

orienting, and executive control of attention. Alerting is involved in maintaining an 

appropriate sensitivity level to perceive and process stimuli; orienting involves the selection 

of information from among numerous sensory stimuli; and the executive control network 

specializes in conflict resolution and voluntary action control. In this article, we examine the 

interaction between the executive control of attention and anxiety.

Impaired attention control has been implicated in poor emotion regulation (e.g., Derryberry 

& Rothbart, 1988, 1997; Gross and Barret, 2011; Rothbart, Ellis, & Posner 2004). Extant 

research examining the association between attention control and emotion has focused on 

the notion of attention bias to threat cues. For example, anxious individuals tend to constrict 

their focus of attention on threatening stimuli -- when these stimuli compete for attentional 

resources with nonthreatening information -- by either attending preferentially to threatening 
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information (Rothbart, Ellis, & Posner, 2007) or by exhibiting decreased attention control 

(Derakshan& Eysenck, 2009; Derryberry& Reed, 2002). Thus, greater attention control may 

allow an individual to inhibit involuntary attention to threat cues whereas lower attention 

control may enhance attention to threat cues (Derryberry& Reed, 2002; Reinholdt-Dunne, 

Mogg, & Bradley, 2009).

Fan, McClandliss, Sommer, Raz, and Posner (2002) developed the Attention Network Task 

(ANT) to measure the three attentional networks—alerting, orienting, and executive control 

of attention. The ANT is a computerized task in which participants see target stimuli (central 

arrow surrounded by other arrows or dashes) on the screen and are asked to identify the 

direction of the central arrow. Fan et al. indexed the efficiency of the alerting network by 

measuring changes in response latencies resulting from the presentation of a signal warning 

that a target will appear; efficiency of orienting is examined by changes in response 

latencies resulting from the presentation of cues indicating where the target will occur; 

efficiency of the executive attention control network is examined by differences in response 

latencies resulting from the presentation of the central arrow flanked by arrows pointing in a 

congruent versus incongruent direction. Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez 

(2010) used the ANT to investigate the relationship between anxiety and components of 

attention. These researchers found that, when asked to focus on stimuli in the center of the 

visual field, individuals with high trait anxiety experienced more interference from 

distractors located in the peripheries of the visual field than did individuals with low anxiety. 

These results suggest that individuals with high anxiety exhibit low executive control of 

attention. In contrast, Finucane and Power (2010) found that healthy female participants 

demonstrated enhanced focus on the central target and were less distracted by peripheral 

information when performing a modified version of the ANT in which trials were 

interspersed with presentation of fear-eliciting images.

Most theories that explain the interaction between cognitive processing and emotion are 

based on the notion of a competition for resources required for cognitive processes such as 

executive (Eysenck & Calvo, 1992), perceptual (Lavie, 2000; 2010), or working memory 

(King & Schaefer, 2010) processes. Furthermore, some theories suggest that this interaction 

of cognitive processing and emotion is influenced differentially by the presence of different 

types of load. For example, Lavie (2005) suggested that distractors have a greater impact on 

low-load perceptual tasks relative to high-load perceptual tasks (e.g., Bishop, 2009); 

however, Lavie also found that distractors have a greater impact on high-load working 

memory tasks relative to low-load working memory tasks. This idea is consistent with 

Eysenck and Calvo’s (1992) processing efficiency theory, which states that high anxiety is 

most disruptive to cognition under conditions of high cognitive load because working 

memory resources compete with worry. Indeed, some researchers (e.g. Berggren et al, 2013; 

Judah et al., 2013) have shown that trait anxious individuals show larger effects of 

distraction under working memory load. As an alternative to Eysenck et al. (Eysenck & 

Calvo, 1992; Eysenck et al., 2007), Vytal et al. (2012) present King and Schaefer’s (2010) 

theory on top-down cognitive control of emotion and suggest that higher load reallocates 

resources towards task demands and results in a reduction in anxiety. Accordingly, in high 

anxiety, performance of perceptual and cognitive tasks is impaired under low load but not 
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under high load where there is a competition of top-down cognitive resources. In their study, 

Vytal et al. (2012) used a threat induction procedure and a verbal n-back task to show that 

state anxiety led to impaired performance under low working memory load (1-back or 2-

back) but not under high working memory load (3-back). However, as these researchers 

included threat stimuli in their study, it is not clear whether taxing working memory would 

affect attention control in the absence of threat.

In the current paper, we report the results of two studies examining the interaction of 

anxiety, attention control, and working memory load in the absence of threat stimuli. In 

Study I we examined whether state anxiety increases interference from distractors. 

Moreover, we examined if these effects are influenced by working memory load. To this 

end, we administered the ANT (Fan et al., 2002) under both high and low cognitive load to 

anxious individuals and matched controls. We examined whether, under low load and high 

load, anxiety would be differentially associated with interference from distractors. In Study 

II we examined the same questions in patients with a diagnosis of Generalized Anxiety 

Disorder (GAD) compared to non-anxious control (NAC) participants.

Study I

Method

Participants—Participants were 108 individuals drawn from a pool of undergraduate 

students at a large university. They were unscreened volunteers who received course credit 

for their participation. On the basis of a median split of the STAI-state measure of anxiety, 

participants were included in the high anxiety group (HA, n = 57) or the low anxiety group 

(LA, n = 51). Mean STAI-state score for the HA group was 44.35 (SD = 8.26) and for the 

LA group was 28.02 (SD = 4.43).

Materials and Tasks

Self-Report Measures: The Spielberger State-Trait Anxiety Inventory (STAI-S/T: 

Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) is a 40-item questionnaire that 

assesses levels of anxiety. Participants completed the state and trait versions of the measure. 

This measure has adequate psychometric properties. In the present study, internal 

consistency for the sample was Cronbach’s alpha = .92 for STAI-State and .92 for STAI-

Trait. Participants also completed the Beck Depression Inventory-II (BDI-II: Beck, Steer, & 

Brown, 1996), which is a reliable and well-validated 21-item self-report measure of 

symptoms of depression. The BDI-II has been shown to have good psychometric properties 

in college populations. In the present study, internal consistency for the sample was 

Cronbach’s alpha = .87.

Attention Network Task (ANT): The ANT is a computerized task developed by Fan et al. 

(2002) to assess distinct components of attention. We used a shorter version of the original 

ANT task with 96 trials instead of the 288 trials in the original study. Based on the 

procedure outlined by Fan and colleagues (2002), each trial began with a fixation cross 

presented in the center of the computer screen for 400–1,600 msec. Next, the cross was 

replaced by either a blank screen or by asterisk cues that appeared either above, below, or 
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both above and below the location of the cross for 100 msec. Next, a row of arrows appeared 

either above or below the location of the fixation cross. In the test trials, the center arrow 

was flanked by arrows that were either congruent (e.g., →→→→→) or incongruent (e.g., 

→→←→→). The arrows remained on the screen until the participant responded (see Figure 

1.1). Participants were instructed to identify the direction (left or right) of the target (center) 

arrow by pressing the corresponding mouse button, and their response times (RT) were 

recorded by the software program.

Participants first completed a set of 20 practice trials. Next, they completed 96 test trials, 

without a break, comprising five cueing conditions (no-cue, center-cue, double-cue, direct-

cue top, direct-cue bottom) and three flanker conditions (control, congruent, incongruent). 

Control trials comprised flanking dashes (e.g., — —→ — —). Trials were presented in a 

new random order to each participant. All stimuli were presented in black against a grey 

background in a 12-point Arial font. Participants sat approximately 60 cm away from the 

screen. The distance between the beginning of the leftmost stimulus and the end of the 

rightmost stimulus was 4 cm. The computer program for this experiment was written in 

Delphi (Embarcadero Corp., Austin, TX, 2005).

Cognitive Load Task: Participants performed the ANT twice, once under a low load 

condition and once under a high load condition. The two load conditions comprised a 

concurrent counting task while completing the ANT. In the low load condition participants 

were instructed to count backward from 100 by 1’s while completing the ANT whereas in 

the high load condition participants were instructed to count backward from 100 by 3’s 

while completing the ANT (e.g., van den Hout et al., 2010). The order in which the load 

conditions were presented was counterbalanced across participants.

Procedure—All procedures were approved by the institutional review board. Participants 

completed an informed consent form, a demographics questionnaire, STAI-S/T, and BDI-II, 

followed by the Attention Network Task.

Results

Data Exclusions—Trials with incorrect responses were removed (3.31%). Outliers were 

removed in keeping with recommendations from Ratcliff (1993). Response latencies ±3 SD 

from each participant’s mean response latency were also excluded from analysis (2.13% of 

remaining trials). Participants with mean accuracy less than 75% were excluded from 

analysis, which resulted in the exclusion of three participants from the LA group and three 

participants from the HA group.

Demographics and Self-Report Data—Table 1 summarizes the demographic and self-

report data for the resulting HA and LA groups. The two groups did not differ in age, 

education, or sex. As expected, participants in the HA group had significantly greater STAI-

state, STAI-trait, and BDI scores compared to those in the LA group.

Cognitive Load Manipulation Check—To check that high cognitive load was 

characterized by slower speed and lower accuracy relative to the low load condition, we 

submitted mean RTs to a 2 (Group: LA, HA) × 2 (Load: low, high) repeated measures 
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ANOVA with Group as the between subjects variable and Load as the within subjects 

variable. As predicted, we found a significant main effect of load [F(1,100) = 141.44, p < .

001, η2 = 0.59] such that mean RTs for the high load condition were significantly larger than 

for the low load condition. The main effect of anxiety was not significant [F(1,100) = .03, p 

= .60, η2 = 0.003]. The interaction of load and anxiety group was not significant [F(1,100) 

= .001, p =.98, η2 = 0.00] (See Figure 2; Table 2).

Next, we submitted mean accuracy to a 2 (Group: LA, HA) × 2 (Load: low, high) repeated 

measures ANOVA with Group as the between subjects variable and Load as the within 

subjects variable. Once again, we found a significant main effect of load [F(1,100) = 18.41, 

p< .001, η2 = 0.16] such that mean accuracies for the high load condition were significantly 

lower than for the low load condition. There was no significant main effect of anxiety 

[F(1,100) = .49, p = .48, η2 = 0.005]. The interaction between load and anxiety group was 

significant [F(1,100) = 7.92, p = .01, η2 = 0.07] (See Figure 2). However, follow-up t-tests 

did not reveal significant differences in mean accuracies between the LA and HA groups for 

the low or high load conditions (ps> .05).

Based on these findings of slower speed and lower accuracy in the high load condition, we 

concluded that the high load condition did indeed tax working memory more so than did the 

low load condition (van den Hout et al., 2010).

Attention Network Task Measures—We computed the three components of attention – 

alerting, orienting, and executive attention control – as described by Fan et al. (2002). The 

alerting index was calculated by subtracting mean RT for double-cue trials from mean RT 

for no-cue trials. The orienting index was calculated by subtracting mean RT for direct-cue 

trials from mean RT for center-cue trials. The attention control index was calculated by 

subtracting mean RT for congruent trials from mean RT for incongruent trials. A higher 

score for the conflict index indicates lower attention control.

Effect of anxiety on the components of attention under low cognitive load: We used 

independent samples t-tests to examine the effect of anxiety on the three components of 

attention under low cognitive load. There was no significant difference between LA and HA 

groups in their alert scores [t(100) = 0.59, p = .56, d = 0.12], orient scores [t(100) = 0.28, p 

= .78, d = 0.06], or conflict scores [t(100) = −1.25, p = .22, d = −0.25].

Effect of anxiety on the components of attention under high cognitive load: We used 

independent t-tests to examine the effect of anxiety on the three components of attention 

under high cognitive load. There was no significant difference between LA and HA groups 

in their alert scores [t(100) = −0.35, p = .73, d = 0.07], orient scores [t(100) = −1.43, p = .16, 

d = −0.29], or conflict scores [t(100) = 1.64, p = .10, d = 0.33].

Effect of cognitive load and anxiety on attention control: To examine the effect of 

cognitive load and anxiety on interference from distractors, we submitted the scores from 

the conflict component of attention from the high and low cognitive load condition to a 2 

(Group: HA, LA) × 2 (Load: High, Low) repeated measures ANOVA with repeated 

measures on the second factor. These results revealed a significant interaction of Group x 
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Cognitive Load [F(1,100) = 4.18, p = .04, η2 = 0.04]. The main effect of Group was not 

significant [F(1,100) = 1.04, p = .31, η2 = .01], and nor was the main effect of Load 

[F(1,100) = 3.38, p = .07, η2 = .03] (See Figure 3). To follow up the 2 × 2 interaction, we 

conducted independent samples t-tests to assess the effect of anxiety group on conflict 

scores for each load condition. As noted above, there was no significant difference in 

conflict scores between the LA and HA groups for the low load condition [t(100) = −1.25, p 

= .22, d = −0.25] or the high load condition [t(100) = 1.64, p = .10, d = 0.33]. We also 

conducted paired sample t-tests to assess the effect of load within each anxiety group. For 

the LA group, there was no significant difference in conflict scores between the high and 

low load conditions [t(53)= −0.14, p = .89]. However, results for HA group revealed a 

significantly lower conflict score in the high load condition (M = −5.29, SD = 271.05) 

compared to the low load condition (M = 109.48, SD = 149.96), [t(47) = 2.83, p = .01].

Study I Discussion

In Study I we found that high anxiety was associated with increased interference from 

distractors under high load relative to low load, implying decreased attention control under 

high load for the high anxious group. These results are consistent with findings from King 

and Schaefer (2010) and Vytal et al. (2012). Although these results suggest that cognitive 

load may interact with the effect of anxiety on attention control, it is not clear whether this 

effect has clinical relevance as participants in the current study were an analogue sample. 

We addressed this question by replicating Study I using a sample of individuals with a 

clinical diagnosis of GAD in Study II.

Study II

Method

Participants—All participants were recruited through posted announcements in 

community settings and local newspapers that described the program and provided a 

telephone contact number. Diagnostic assessment was based on an initial telephone 

screening followed by an in-person diagnostic interview. Participant in the GAD group were 

30 individuals (8 men, 22 women) who met the diagnostic criteria for GAD based on a 

diagnostic interview using the Structured Clinical Interview for the DSM-IV (SCID: First & 

Williams, 1997). Participants were included in the GAD group if they had a principal DSM-

IV (American Psychiatric Association, 2000) Axis I diagnosis of GAD. Of the participants 

in the GAD group, 5 had a comorbid diagnosis of Major Depressive Disorder, 3 had a 

comorbid diagnosis of Posttraumatic Stress Disorder, 1 had a comorbid diagnosis of Social 

Phobia, 1 had a comorbid diagnosis of Obsessive-Compulsive Disorder, 1 had a comorbid 

diagnosis of Panic Disorder with Agoraphobia, and 1 had a comorbid diagnosis of Specific 

Phobia. Participant in the NAC group were 28 individuals (10 men, 17 women, 1 participant 

declined to report sex) who were included in the study if they showed no evidence for any 

current or past DSM-IV Axis I diagnoses on the diagnostic interview using the SCID. 

Participants were excluded from both groups if they showed evidence of suicidal intent, 

evidence of substance abuse or dependence in the past 3 months, or evidence of current or 

past schizophrenia, bipolar disorder, or organic mental disorder.
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Materials and Tasks

Self-Report Measures: The self-report measures in the current study were the same as the 

ones administered in Study I. In the present study, internal consistency for the GAD sample 

was Cronbach’s alpha = .86 for STAI-State, .80 for STAI-Trait, and .87 for BDI-II; internal 

consistency for the NAC sample was Cronbach’s alpha = .90 for STAI-State, .80 for STAI-

Trait, and .47 for BDI-II.

Attention Network Task (ANT): The ANT in the current study was the same as the one 

administered in Study I.

Cognitive Load Task: The cognitive load tasks in the current study were the same as the 

ones administered in Study I.

Procedure—All procedures were approved by the institutional review board. After 

providing informed consent, participants completed an initial assessment for study eligibility 

that comprised the diagnostic interview (SCID: First & Williams, 1997) and administration 

of the demographics and self-report questionnaires. Next, they completed the Attention 

Network Task.

Results

Data Exclusions—Trials with incorrect responses were removed (7.47%). Response 

latencies ±3 SD from each participant’s mean response latency were also eliminated from 

analysis (2.07% of remaining trials). Participants with mean accuracy less than 75% were 

excluded from analysis, which resulted in the exclusion of one participants from the NAC 

group and six participants from the GAD group. Finally, one participants from the NAC 

group was removed for not being able to follow task instructions.

Demographics and Self-Report Data—Table 1 summarizes the demographic and self-

report data for the resulting sample.

Cognitive Load Manipulation Check—To check that high cognitive load was 

characterized by slower speed and lower accuracy relative to the low load condition, we 

submitted mean RTs to a 2 (Group: GAD, NAC) x 2 (Load: low, high) repeated measures 

ANOVA with Group as the between subjects variable and Load as the within subjects 

variable. As predicted, we found a significant main effect of load [F(1,48) = 89.38, p < .001, 

η2 = 0.65] such that mean RTs for the high load condition were significantly larger than for 

the low load condition. The the main effect of group [F (1,48) = 8.30, p = .006, η2 = 0.15] 

was significant, as was the interaction of load and group [F(1,48) = 11.20, p =.002, η2 = 

0.19], such that mean RTs were larger for the GAD group than for the NAC group in the 

high load condition.

Next, we submitted mean accuracy to a 2 (Group: GAD, NAC) × 2 (Load: low, high) 

repeated measures ANOVA with Group as the between subjects variable and Load as the 

within subjects variable. Once again, we found a significant main effect of load [F(1,48) = 

12.39, p = .001, η2 = 0.21] such that mean accuracies for the high load condition were 
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significantly lower than for the low load condition. There was no significant main effect of 

group [F(1,48) = 0.76, p = .39, η2 = 0.02]. The interaction between load and group was also 

not significant [F(1,48) = 1.10, p = .30, η2 = 0.02].

Based on these findings of slower speed and lower accuracy in the high load condition, we 

concluded that the high load condition did indeed tax working memory more so than did the 

low load condition, and that it did not do so differently in the GAD and NAC groups (van 

den Hout et al., 2010).

Attention Network Task Measures

Effect of clinical group on the components of attention under low cognitive load: We 

used independent samples t-tests to examine the effect of clinical group on the three 

components of attention under low cognitive load. There was no significant difference 

between the GAD and NAC groups in their alert scores [t(48) = 0.69, p = .49, d = 0.20], 

orient scores [t(48) = −1.75, p = .09, d = 0.51], or conflict scores [t(48) = 0.57, p = .57, d = 

0.16].

Effect of clinical group on the components of attention under high cognitive load: We 

used independent t-tests to examine the effect of anxiety on the three components of 

attention under high cognitive load. There was no significant difference between the GAD 

and NAC groups in their alert scores [t(48) = −0.57, p = .57, d = 0.16] and orient scores 

[t(48) = 1.39, p = .17, d = 0.40]. However, conflict scores for the GAD group were 

significantly smaller than for the NAC group, [t(48) = −2.45, p = .02, d = 0.71].

Effect of cognitive load and clinical group on attention control: To examine the effect of 

cognitive load and clinical on interference from distractors, we submitted conflict scores 

from the high and low cognitive load conditions to a 2 (Group: GAD, NAC) × 2 (Load: low, 

high) repeated measures ANOVA with Group as the between subjects variable and Load as 

the within subjects variable. The interaction between load and group was significant 

[F(1,48) = 4.27, p = .04, η2 = 0.08] (See Figure 3), as was the main effect of group [F(1,48) 

= 6.82, p = .01, η2 = 0.12]. The main effect of load was not significant [F(1,48) = 1.26, p = .

27, η2 = 0.03]. To follow up the 2 × 2 interaction, we conducted independent samples t-tests 

to assess the effect of group on conflict scores for each load condition. As noted above, there 

was no significant difference in conflict scores between the GAD and NAC groups for the 

low load condition [t(48)= 0.57, p = .57, d = 0.16]. However, for the high load condition, the 

conflict score for the GAD group was significantly smaller than that of the NAC group 

[t(48)= −2.45, p = .02, d = −0.71]. We also conducted paired sample t-tests to assess the 

effect of load within each group. There was no significant difference in conflict scores 

between the low and high load conditions for the GAD group [t(23) = 1.65, p = .11] or the 

NAC group [t(25) = −1.31, p = .20].

Study II Discussion

In Study II we tested whether our findings from Study I had implications for clinical levels 

of anxiety. We found that individuals with GAD, relative to NACs, experienced decreased 
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interference from distractors, but only in the high cognitive load condition. This finding is 

consistent with findings from King and Schaefer (2010) and Vytal et al. (2012).

General Discussion

In the current paper, we reported the results of two studies examining the interaction of 

anxiety, attention control, and working memory load. In Study I we found that, consistent 

with findings from King and Schaefer (2010) and Vytal et al. (2012), under high load 

anxiety was characterized by decreased interference from distractors, that is, increased 

attention control. In Study II, we considered the clinical implications of the construct of 

attention control -- as measured by the ANT -- by examining the same questions with 

individuals with a clinical diagnosis of GAD relative to non-anxious individuals. We found 

that, individuals with GAD, relative to NACs, experienced decreased interference from 

distractors, but only in the high cognitive load condition.

Our findings help to clarify apparently contradictory predictions regarding the influence of 

anxiety on attention. Our findings suggest that these effects are dependent on the presence of 

low or high cognitive load. On the one hand, several researchers (e.g. Berggren, Derryberry, 

Derakshan, Eysenck, and colleagues) have shown that anxious individuals show larger 

effects of distraction under working memory load, indicative of competition for cognitive 

resources, as stated in the processing efficiency theory (Eysenck & Calvo, 1992). Our 

findings similarly suggest that the competition for attentional resources causes anxiety-

related impairment in task performance; however, in contrast to the processing efficiency 

theory, we find that a low cognitive load task leaves attentional resources free for anxiety-

related impairment in task performance, whereas a high cognitive load task competes for 

attentional resources with worry and diminishes anxiety-related impairment in task 

performance, similar to what is described by Vytal et al. (2012).

Our results appear at odds with some findings in the extant research on this topic. For 

instance, Pacheco-Unguetti, Acosta, Lupiáñez, Román, & Derakshan (2012) used a go/no-go 

task to examine the effect of load and state anxiety on response inhibition and concluded 

that state anxiety results in lower attention control and increased interference from 

peripheral distractors. However, the focus of their study was a perceptual load rather than a 

working memory load and their task included threatening stimuli. Similarly, findings such as 

those of Judah et al. (2012) that suggest that high working memory load causes impairment 

in attentional bias tasks may appear at odds with ours. However, the focus of their study was 

the effect of working memory load on processing of threat-related stimuli, whereas in our 

study we focused on neutral stimuli.

Indeed, most studies examining interference from distractors have focused on threat-related 

distractors. For instance, electroencephalography (EEG) studies have identified the late 

positive potential (LPP) as an index of attention towards task-irrelevant stimuli and have 

shown that high working memory load decreases LPP to threatening picture distractors. In 

other words, high load hinders the processing of task-irrelavent stimuli, as evidenced by 

LPP. Contrary to our findings, these studies also show that the effect of working memory 

load on attention to task-irrelevant stimuli is attenuated in high anxiety, both in subclinical 
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anxiety (MacNamara, Ferri, & Hajcak, 2011) and in GAD (MacNamara & Proudfit, 2014). 

It is important to note that this effect was not significant for neutral pictures. Taken together, 

it appears that high cognitive load reveals attention control deficits in high anxiety but only 

in the presence of threat distractors.

The finding that anxiety is associated with lower attention control both in subclinical and 

clinical samples has been documented previously (e.g., Derryberry & Rothbart, 1988, 1997; 

Rothbart et al., 2004). We did not find evidence consistent with this hypothesis under 

conditions of low load in either the subclinical group (Study I) or the clinical group (Study 

II). One possibility is that many previous studies have examined attention control using self-

report measures; the attention control component assessed by ANT accesses cognitive 

processing using a performance-based measure and may indeed have better predictive 

validity than do symptom measures. At the very least, these findings challenge an 

unqualified reliance on self-report and are consistent with earlier studies that have reported 

non-significant associations between the self-report and performance-based measures of 

attention control (e.g., Reinholdt-Dunne et al., 2009).

Do our findings suggest that high cognitive load is beneficial for individuals with elevated 

anxiety? We suppose that the answer likely depends on the contents of the target stimulus 

relative to the content of the distractors. For example, if our target is a neutral or positive 

stimulus, then distractors are likely to be undesirable (e.g., threat cues in the environment; 

worries). Hence, greater attention control would be preferable, which would be facilitated by 

conditions of high cognitive load. In this example greater attention control may allow an 

individual to inhibit involuntary attention to threat cues or worries whereas lower attention 

control may enhance attention to threat cues (e.g., Reinholdt-Dunne et al., 2009). Consistent 

with this notion, research by Forster and Lavie (2009) has shown that mind-wandering rates 

are reduced significantly under high load. Indeed, mind-wandering towards worries is a 

central feature of GAD. If our central focus is an internally generated target such as worries 

in GAD, then distractors are likely to be desirable. In this example, lower attention control 

would be preferable and would be hindered by conditions of high load.

The current studies have limitations. First, we did not include a measure of participant error 

in performing the counting task and hence cannot verify that participants were performing 

the cognitive load tasks as intended. We did, however, conduct a spot check for a random 

sample of 10% of the participants in Study I and found 100% accuracy in counting 

backward by 1’s in the low load task for both low and high anxious groups, and 90.8% and 

91.4% accuracy in counting backward by 3’s in the high load task for the low and high 

anxious groups respectively. Nonetheless, that we did not assess counting accuracy for the 

entire sample is a limitation of the current studies. A second limitation is that, both the high 

anxious sample from Study I and the GAD sample in Study II comprised participants with 

elevated BDI scores; therefore it remains untested whether our findings are specific to 

anxiety, depression, or comorbid anxiety and depression. Indeed, in the MacNamara and 

Proudfit (2014) study mentioned above, the authors found that anhedonic depression within 

the GAD group showed a reduced effect of working memory load on LPP for neutral 

distractors. Follow-up studies conducted to compare individuals diagnosed with an anxiety 

disorder with differing levels of depressive symptoms would greatly improve the 
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conclusions that can be drawn regarding the effect of anxiety and cognitive load on attention 

control. Finally, we chose to use state anxiety to classify our groups in Study I because we 

were interested in examining the effect of anxiety at the time of administering the ANT. 

However, we (and others, e.g., Bishop (2009)) acknowledge that the state and trait anxiety 

measures are highly correlated and hence we must be cautious in making differential 

inferences.

These limitations notwithstanding, our study demonstrates the first attempt to elucidate the 

precise relationship between anxiety, cognitive load, and attention control for neutral 

information. Recent successes in cognitive bias modification techniques suggest the 

possibility of altering cognitive processes in anxiety. Given the potentially harmful 

correlates of low and high attention control under different load conditions, a promising 

direction for future research might be to develop programs to train individuals to enhance 

attention control and to use it selectively in conditions of low and high load.
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Figure 1. 
Attention Network Task adapted from Fan et al., (2002).
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Figure 2. 
Mean RT and Mean Accuracy for anxiety groups under low and high cognitive load in 

Study I and Study II (standard error bars)
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Figure 3. 
Effects of cognitive load and anxiety group on attention control in Study I and Study II 

(standard error bars)
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Table 1

Demographics and questionnaire data for Study I and Study II

Study I

Anxiety Group

LA (n = 54) HA (n = 48)

% female* 67.93 60.42 χ2(1) = 0.62, p = .43

Age 19.63 (3.42) 19.31 (2.16) t(100) = 0.55, p = .58

Education 13.48 (1.17) 12.13 (5.61) t(100) = 1.74, p = .09

STAI state 28.33 (4.33) 44.67 (8.39) t(100) = −12.56, p< .001

STAI trait* 33.30 (9.04) 46.92 (10.49) t(99) = −7.01, p< .001

BDI-II 6.41 (4.96) 11.79 (8.17) t(100) = −4.07, p< .001

Study II

Group

NAC (n = 26) GAD (n = 24)

% female* 60 75 χ2(1) = 1.25, p = .26

Age 35.50 (14.62) 38.46 (12.51) t(48) = 0.77, p = .45

Education* 15.00 (1.87) 15.61 (2.13) t(45) = 1.05, p = .30

STAI state 26.46 (6.66) 54.13 (12.73) t(48) = 9.74, p< .001

STAI trait 26.38 (5.73) 63.79 (7.81) t(48) = 19.41, p< .001

BDI-II* 1.20 (1.38) 29.42 (8.86) t(47) = 15.73, p< .001

Note. STAI-S/T: Spielberger State/Trait Anxiety Inventory; BDI-II: Beck Depression Inventory II

*
In Study I, one participant declined to report sex; STAI-trait was missing for one participant.

*
In Study II, one participant in the GAD group and two participants in the NAC group declined to report Education; One participant in the NAC 

group declined to report sex; BDI-II was missing for one participant in the NAC group.
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Table 2

Mean RT and Accuracy Data for Study I and Study II

Study I

LA HA

Incongruent Trials – Low Load 861(221) 935(305) t(100) = −1.41, p = .16

Incongruent Trials – High Load 1645(713) 1671(875) t(100) = −0.16, p = .87

Congruent Trials – Low Load 781(215) 826(325) t(100) = −0.83, p = .41

Congruent Trials – High Load 1592(679) 1645(909) t(100) = −0.74, p = .46

% Accuracy – Low Load 99.38 99.05 t(100) = 1.44, p = .15

% Accuracy – High Load 98.13 98.78 t(100) = −1.98, p = .051

Study II

NAC GAD

Incongruent Trials – Low Load 814(209) 1034(615) t(48) = 1.072, p = .09

Incongruent Trials – High Load 1358(682) 2012(981) t(48) = 2.76, p = .01

Congruent Trials – Low Load 728(165) 915(428) t(48) = 2.07, p = .04

Congruent Trials – High Load 1193(432) 2160(1345) t(48) = 3.48, p = .001

% Accuracy – Low Load 99.24 99.26 t(48) = 0.09, p = .93

% Accuracy – High Load 97.40 98.26 t(48) = 0.98, p = .33
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