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Change in attentional control predicts change in attentional bias to negative information 

in response to elevated state anxiety 

 

Abstract 

Background: Researchers have demonstrated that elevation in state anxiety leads to 

elevation in attentional bias favouring the processing of negative information, and that the 

magnitude of this attentional bias change varies across individuals. However, research has 

not identified the mechanisms that underpin individual variation in state-anxiety induced 

attentional bias change. Researchers have also demonstrated that inhibitory control of 

attention becomes impaired when state anxiety is elevated, and cognitive models propose 

that impaired inhibitory control of attention may underpin attentional bias to negative 

information. Thus, the present study investigated whether individual differences in the 

magnitude of attentional bias elevation elicited by heightened state anxiety is predicted by 

the degree to which such state anxiety elevation impairs attentional control. 

Methods: Eighty participants completed assessments of attentional bias to negative 

information and inhibitory control of attention prior to, and following, a procedure designed 

to elevate state anxiety. 

Results: It was observed that greater elevation in attentional bias to negative information was 

predicted by lesser decline in inhibitory control of attention as state anxiety increased. 

Conclusions: Findings support proposal of a relationship between attentional control and 

attentional bias to negative information, though are inconsistent with the proposal that 

heightened attentional bias to negative information is uniformly underpinned by greater 

impairment in attentional control. Implications are discussed. 
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Introduction 

Heightened attentional bias to negative information, reflecting a relatively 

heightened attentional preference for the processing of negative information over non-

negative information, is implicated as a cognitive characteristic of heightened anxiety 

vulnerability (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007). 

Attentional bias to negative information is commonly assessed using the dot-probe task. In 

this task, participants are briefly presented with pairs of emotionally discrepant stimuli. One 

stimulus is negatively valenced in emotional tone (e.g., the word “kill”) while the other is 

non-negatively valenced (e.g., the word “hair”). Following offset of the stimulus pair, 

participants must discriminate the identity of a probe that appears in a location previously 

occupied by one of the two stimuli. It is assumed that individuals will be quicker to 

discriminate probes appearing in attended locations, and so an index of attentional bias to 

negative information is derived by computing relative speeding to discriminate probes 

presented in the location of negative stimuli as compared non-negative stimuli. Using this 

index of attentional bias researchers have reported that elevated state anxiety is associated 

with heightened attentional bias to negative information (Bar-Haim et al., 2007). 

Studies demonstrating that elevated state anxiety is accompanied by heightened 

attentional bias to negative information have sometimes measured naturally occurring 

variation in state anxiety (MacLeod & Mathews, 1988; Mogg, Bradley, De Bono, & Painter, 

1997), but also have experimentally manipulated state anxiety (Liu, Shen, & Li, 2019; Mogg, 

Mathews, Bird, & Macgregor-Morris, 1990). For example, Mogg et al. (1990) subjected high 

and low trait anxious participants to a lab-based induction designed to elevate state anxiety 

(receiving a negative evaluation of performance), or a condition that did not induce 

elevation in state anxiety (receiving a positive evaluation of performance). The investigators 
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observed that the induction procedure elevated state anxiety as intended, and that the 

induction also resulted in heighted attentional bias to negative words as compared to the 

condition that did not induce elevation in state anxiety. Though high trait anxious individuals 

do not necessarily exhibit an attentional preference for negative information over non-

negative information (Kruijt, Parsons, & Fox, 2019), the degree to which elevated state 

anxiety leads to heightening of attentional bias to negative information has been shown to 

be enhanced amongst individuals with heightened anxiety vulnerability. For example, when 

MacLeod and Mathews (1988) examined the impact of elevated state anxiety on attentional 

bias to negative information in high and low trait anxious participants it was observed that 

high trait anxious participants demonstrated a disproportionate state anxiety elicited 

increase in attentional bias to negative information. 

Though research has demonstrated that elevated state anxiety is characterised by 

elevation in attentional bias to negative information the cognitive mechanisms underpinning 

this effect have not been empirically demonstrated. Therefore, it is not known why 

individuals differ in the degree to which elevated state anxiety elicits elevation in attentional 

bias to negative information. Identification of these mechanisms will not only advance 

understanding of the association between state anxiety and attentional bias but may also 

reveal appropriate targets for cognitive interventions designed to attenuate heightened 

attentional bias to negative information. 

Prominent theories of selective attention identify impaired cognitive control as a 

mechanism that enhances interference from distractor stimuli during selective attention 

(Lavie, Hirst, de Fockert, & Viding, 2004; Murphy, Groeger, & Greene, 2016). Given the 

proposed interplay between cognitive control processes and selective attention, theorists 

have proposed that poor inhibitory control of attention may contribute to attentional bias to 
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negative information. Inhibitory control of attention, reflecting the capacity to which 

individuals can inhibit attentional capture by stimuli in favour of allocating attention in 

accordance with attentional goals, falls within the collection of inhibitory control processes 

proposed to underpin executive function (Miyake et al., 2000). Attentional Control Theory 

proposes that inhibitory control of attention can serve to diminish prepotent attentional 

capture of emotional distracters (Eysenck, Derakshan, Santos, & Calvo, 2007). Similarly, 

Cisler and Koster (2011) proposed impaired attentional control to be a mechanism 

facilitating anxiety-linked attentional bias to negative information. These proposals have 

received some empirical support. For example, researchers have demonstrated that the 

application of transcranial electro-stimulation to enhance attentional control can result in 

attenuation of attentional bias to negative information  (Chen, Basanovic, Notebaert, 

MacLeod, & Clarke, 2017). When considering research involving anxiety vulnerability, it has 

also been shown that individuals with higher levels of trait anxiety are characterised by 

poorer inhibitory control of attention, when compared to individuals lower in trait anxiety 

(Ansari & Derakshan, 2010; Basanovic et al., 2018), and that elevated state anxiety can serve 

to impair inhibitory control of attention (Bishop, Duncan, Brett, & Lawrence, 2004; Pacheco-

Unguetti, Acosta, Callejas, & Lupiáñez, 2010).  

Importantly, though research has examined the general association between 

measures of attentional control and attentional bias to negative information, research has 

yet to empirically investigate their association in the context of changes in state anxiety. It is 

plausible that variation in the degree to which elevated state anxiety increases attentional 

bias to negative information may reflect individual differences in the degree to which 

elevated state anxiety compromises inhibitory control of attention. If this is the case, then 

measures of the degree to which attentional bias to negative information increases in 
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response to elevated state anxiety should be predicted by measures of the degree to which 

inhibitory control of attention was compromised in response to the same state anxiety 

elevation. 

Thus, the aim of the present study was to determine the validity of the hypothesis 

that variation in the degree to which heightened state anxiety leads to elevation in 

attentional bias to negative information is predicted by variation in the degree to which 

heightened state anxiety leads to impairment of inhibitory control of attention. Participants 

completed tasks that assessed attentional bias to negative information and a task that 

assessed inhibitory control of attention, both prior to and following a procedure designed to 

induce elevation in state anxiety. Analyses examined whether variation in the degree to 

which elevation in state anxiety led to heightened attentional bias to negative information 

was predicted by variation in the degree to which elevation in state anxiety led to the 

impairment of inhibitory control of attention.  

Method 

Participants 

Participants were recruited from a cohort of 917 undergraduate students at the 

University of Western Australia who had completed the trait scale of the Spielberger State-

Trait Anxiety Inventory (STAI-T) earlier in the university semester. A power analysis 

determined that 80 participants would provide 80% power (1 – β = 0.80) to detect a 

correlation of r > .30 between two measures, with a two-tailed test of statistical significance 

set at p ≤ .05. To allow examination of the potential influence of trait anxiety, 40 participants 

who had scored in bottom-third (25 Female; Age, M = 20.50, SD = 5.73; STAI-T, M = 33.30, 

SD = 5.58) and 40 who had scored in the top third (25 Female, 2 non-binary; Age, M = 20.80, 
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SD = 4.90; STAI-T, M = 54.5, SD = 6.49) of the distribution of scores from the undergraduate 

cohort were recruited.  

Materials 

Apparatus 

All assessments were delivered using a computer and 22-inch monitor with a 15 ms 

refresh rate. Participant responses were made using a standard USB mouse and keyboard. 

Trait Anxiety Inventory 

The trait anxiety assessment scale of the Spielberger State-Trait Anxiety Inventory 

(STAI-T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) was used to assess 

participants’ levels of trait anxiety. Scores on the STAI-T can range from 20 to 80, with higher 

scores representing higher levels of trait anxiety. 

State Anxiety Inventory – Short Form 

The six-item short form of the state anxiety assessment scale of the Spielberger 

State-Trait Anxiety Inventory (Marteau & Bekker, 1992) was used to assess participants’ 

levels of state anxiety throughout the experiment session. In order to allow for a more 

precise reporting of change in state anxiety than can be achieved using a four-point ordinal 

scale, participants responded to each item using a visual analogue scale that ranged from 0 – 

40, with higher points on the scale indicating stronger state anxiety symptomatology. Thus, 

scores on the SAI-6 could range from 0 to 240, with higher scores representing higher levels 

of state anxiety. 

Attentional Bias Assessment Task 

The attentional bias assessment task employed a dot-probe methodology that 

assessed attentional bias to negative information by measuring the time taken for 
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participants to discriminate visual probes presented either in the location of negative 

information or non-negative information. The task comprised two blocks of 48 trials each. 

All trials were presented on a black background. Each trial started with the 

presentation of a fixation cue, 8 mm in height, in the centre of the screen for 1000 ms. This 

cue was then removed, and a word-pair was presented. Each word was presented in white 

monospaced text 8 mm in height. Each word was presented 12 mm above, or below, the 

location of the initial fixation cue. In each pair, one word was negatively valenced in 

emotional tone (e.g. “FAILURE”), and the other was an equivalent length word that was non-

negative in tone (e.g. “BOTTLES”)1. The negative word randomly appeared in each location 

with equal frequency across trials. After 500 ms, the word-pair disappeared, and a small 

target probe was presented in the location previously occupied by one of the words. This 

probe appeared equally often in the location previously occupied by the negative word and 

the non-negative word. The probe was a grey arrow, 4 mm long, pointing either upward or 

downward with equal frequency across trials. Participants were required to discriminate the 

orientation of the probe by rapidly pressing the corresponding arrow key on the keyboard. 

Incorrect responses triggered a 3-second error message. At the conclusion of each trial the 

latency and accuracy of participant’s response was recorded and the next trial commenced 

after a 1000 ms inter-trial-interval. 

 At the conclusion of the task, an index was derived from the difference, in 

milliseconds, between the mean latency at which the participant discriminated probes 

appearing in the location of negative words as compared to non-negative words. Greater 

relative speeding to discriminate probes appearing in the location of negative words was 

 

1 Word pairs used in this task can be found in the supplementary material associated with this manuscript.  
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believed to reflect greater attention allocation to negative stimuli across trials. Thus, a 

greater positive score on this Attentional Bias Index indicated greater attentional bias to 

negative information. 

Inhibitory Control of Attention Assessment Task 

The inhibitory control of attention assessment task adopted an attentional-probe 

methodology previously demonstrated capable to detecting associations between individual 

differences in attentional control and biases in attentional processing (Basanovic et al., 

2017), and that mimics tasks commonly employed by researchers to assess this process (e.g. 

Ansari & Derakshan, 2010, 2011; Cornwell, Mueller, Kaplan, Grillon, & Ernst, 2012; 

Derakshan et al., 2009; Friedman & Miyake, 2004; Miyake et al., 2000). This task was 

designed to measure time taken to execute attentional shifts that either require, or do not 

require, inhibitory control of attention. The task comprised three types of trials, non-

inhibitory attentional shift trials, inhibitory attentional shift trials, or no attentional shift 

(baseline) trials. The task comprised two blocks of 72 trials each, with each trial type 

presented with equal frequency. 

All trials were presented on a black background. Trials started with the presentation 

of a single word cue, 8 mm in height, in the centre of the screen for 1000 ms. This cue 

informed participants of the attentional response that would be required on the trial. A 

blank screen was presented for 2000 ms following this cue. What happened afterward 

depended on trial type as described next. 

On non-inhibitory, and inhibitory, attentional shift trials a visually salient stimulus 

(bright white circle outline, 80 mm in diameter and 5 mm thick) appeared abruptly on the 

left or right side of the cue. On non-inhibitory attentional shift trials the cue was “ATTEND”, 

indicating that the participant should attend to the subsequently presented lateral circle. 
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The visual probe was simultaneously presented within the circle, and so the attentional shift 

needed to identify probes on this trial did not require inhibiting attention to this salient 

bright shape. On inhibitory attentional shift trials the cue was “AVOID”, indicating that the 

participant should inhibit attention to the subsequently presented lateral circle and move 

attention to the opposite side of the screen. The probe appeared in the opposite side of the 

screen to the circle, and so the attentional shift needed to identify this probe required 

inhibiting attention to this salient bright shape. On baseline trials the cue was “CENTRE”, 

indicating that attention should remain upon the cue location. The visual probe appeared, 

either alone or within a centrally positioned circle, in the same location as the cue and so no 

attentional shift was required to be executed. 

On all trials the target probe was a grey arrow, 4 mm long, pointing upward or 

downward with equal frequency across trials. Participants were required to discriminate the 

orientation of the probe by rapidly pressing the corresponding arrow key on the keyboard. 

Incorrect responses triggered a 3-second error message. At the conclusion of each trial the 

latency and accuracy of participant’s response was recorded and the next trial commenced 

after a 1000 ms inter-trial-interval. 

At the conclusion of the task an index was derived from the difference, in 

milliseconds, between the latency at which participants shifted attention away from the 

salient bright circle as compared to towards the circle. First, the latency to execute each 

attentional shift, independent of the time taken to discriminate probe orientation, was 

revealed by computing the slowing, in milliseconds, to discriminate probes during non-

inhibitory, or inhibitory, attentional shift trials as compared to probes during baseline trials. 

Next, the relative difference in each attentional shift latency was computed. These steps are 

expressed via the following equation: 
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Inhibitory Attentional Control Cost Index =  

[Mean Latency:Inhibitory attentional shift trials – Mean Latency:Baseline trials without circle] 

– [Mean Latency:Non-inhibitory attentional shift trials –Mean Latency:Baseline trials with circle] 

 

Greater relative slowing to shift attention during Inhibitory attentional shift trials, as 

compared to Non-inhibitory attentional shift trials, was believed to reflect greater attentional 

“cost” when inhibitory control of attention was required. Thus, a greater positive score on 

this Inhibitory Attentional Control Cost Index reflected poorer inhibitory control of 

attention. 

State Anxiety Induction 

A state anxiety induction procedure was implemented, during the latter half of the 

experimental session, to elicit elevated state anxiety. This induction procedure involved 

informing participants that they would be required to complete an ‘interview performance 

evaluation task’, in which they must engage in a simulated job interview by responding to 

questions asked by a pre-recorded ‘hiring panel’ while their own interview performance was 

recorded on video for later evaluation by other students. This state anxiety induction 

procedure has demonstrated success at producing elevation in state anxiety amongst 

participants in previous studies conducted within our research group, and recent scrutiny of 

affect induction procedures has demonstrated efficacy of this kind of approach in elevating 

state anxiety (Joseph et al., 2020). 

Procedure 

On arrival participants provided informed consent. Participants next completed 

practice trials before completing two blocks of the Attentional Bias Assessment Task and 
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Attentional Control Assessment Task in an alternating order counterbalanced across 

participants. The STAIS-6 was administered prior to and following each trial block. Next, 

participants were exposed to the state anxiety induction by being provided with a second 

information sheet informing them for the first time that the interview evaluation task would 

immediately follow a second completion of these attentional tasks. Participants next 

completed the Attentional Bias Assessment Task and Attentional Control Assessment Task in 

the same order as before, this time believing. Again, the STAIS-6 was administered prior to 

and following each trial block. Upon completion of the tasks participants were debriefed. 

Results 

Analyses first determined whether the state anxiety induction procedure succeeded 

in elevating state anxiety. Next, the impact of state anxiety conditions upon attentional bias 

to negative information and inhibitory control of attention was examined. Finally, the main 

aim of the study was addressed by determining whether variation in the magnitude of 

change in attentional bias to negative information elicited by the elevation of state anxiety 

was predicted by variation in the magnitude of change in inhibitory control of attention 

elicited by the elevation of state anxiety. Descriptive statistics for measures of state anxiety 

and attentional processes are presented in Table 1. 

Data preparation 

Attentional indices for each attention assessment task were computed after 

excluding latencies that resulted from incorrect probe discrimination responses, that were 

below 200 ms or above 2000 ms, and remaining latencies that fell more than 2.58 SD from 

the participant’s mean latency under each critical trial condition, in line with prior research 

(Rudaizky, Basanovic, & MacLeod, 2014). This resulted in 4.51% of attentional biases 
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assessment trial latencies, and 5.22% of attentional control assessment trial latencies, 

excluded from the computation of index scores. 

Upon reviewing the attentional bias index scores computed across participants it was 

discovered that three participants exhibited index scores greater than 3 standard deviations 

from the mean of all other attentional bias index scores. As such, these three participants 

were excluded from descriptive statistics and analyses that involved attentional bias index 

scores. 

Effectiveness of State Anxiety Induction 

Participants’ level of state anxiety experienced before and after exposure to the 

state anxiety induction procedure, was expressed as the mean of participants’ SAI-6 

questionnaire scores recorded before and after the state anxiety induction procedure. To 

determine whether the state anxiety induction procedure succeeded in elevating state 

anxiety, these scores were subjected to a mixed-design ANOVA analysis, that considered 

Assessment Point (Pre State Anxiety Induction, Post State Anxiety Induction) as a within-

groups factor, and Trait Anxiety Group (Low Trait Anxiety Group, High Trait Anxiety Group) 

as a between-groups factor. The analysis revealed the anticipated main effect of Assessment 

Point, F(1,78) = 41.77, p < .001, η2
p = 0.35, reflecting the fact that, on average, participants 

reported higher levels of state anxiety following exposure to the intended state anxiety 

induction (M = 90.37, SD = 42.99), than they reported prior to this state anxiety induction (M 

= 71.92, SD = 38.50). Unsurprisingly, the analyses also revealed a main effect of Trait Anxiety 

Group, F(1,78) = 26.1, p < .001, η2
p = 0.25, reflecting the fact that, on average, participants in 

the High Trait Anxiety Group reported higher levels of state anxiety (M = 100.43, SD = 37.32) 

than did those in the Low Trait Anxiety Group (M = 61.85, 36.83). The interaction effect 

between these factors did not approach significance (p = 0.33), meaning that the state 



ATTENTION CONTROL, ATTENTION BIAS, AND STATE ANXIETY    12 

anxiety induction was equally effective in successfully elevating state anxiety for both groups 

of participants. The pattern of data that gave rise to these effects is illustrated in Figure 1. 

Effect of State Anxiety upon Attentional Bias and Attentional Control 

To determine whether this induced state anxiety elevation served to impair 

inhibitory control of attention, a mixed design ANOVA was conducted on Inhibitory 

Attentional Control Cost Index scores. This analysis again considered Assessment Point (Pre 

State Anxiety Induction, Post State Anxiety Induction) as a within-groups factor, and Trait 

Anxiety Group (Low Trait Anxiety Group, High Trait Anxiety Group) as a between-groups 

factor. The main effect of Assessment Point was statistically significant, F(1,78) = 3.95, p 

= .050, η2
p = 0.05, reflecting that, on average, participants demonstrated larger Inhibitory 

Attentional Control Cost Index scores following the state anxiety induction (M = 110.31, SD = 

84.88) than they had shown prior to the state anxiety induction (M = 91.40, SD = 78.85). No 

other significant effects emerged from the analysis (smallest p = 0.32). Thus, the obtained 

results confirm that, for both high and low trait anxious participants, inhibitory control of 

attention was reduced when state anxiety was elevated by the induction procedure. The 

pattern of data that gave rise to these effects is illustrated in Figure 2. 

To determine whether the induced state anxiety elevation led to heighted 

attentional bias to negative information, an ANOVA of the same design was conducted on 

the Attentional Bias Index scores. The main effect of Trait Anxiety Group was statistically 

significant, F(1,75) = 4.58, p = .036, η2
p = 0.06, reflecting that, on average, participants in the 

Hight Trait Anxiety Group demonstrated larger Attentional Bias Index scores score (M = 5.03, 

SD = 20.16) as compared to participants in the Low Trait Anxiety Group (M = -1.56, SD = 

18.13). No other significant effects emerged from the analysis (smallest p = 0.21). Thus, 

though this analysis revealed evidence of trait anxiety-linked attentional bias to negative 
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information, it did not reveal evidence that the experimentally induced elevation of state 

anxiety served to modify attentional bias to negative information. The pattern of data that 

gave rise to these effects is illustrated in Figure 3. 

Following these analyses, the internal reliability of the attention assessment tasks was 

computed. These were computed using a Spearman-Brown corrected split-half permutation 

approach (Parsons, 2020; Parsons, Kruijt, & Fox, 2019) with 5000 random splits2. The 

estimated internal consistency of Attentional Bias Index scores prior to the state anxiety 

induction was rSB = -.26, CI95%[-.57, .10], and following the state anxiety induction was rSB 

= .21, CI95%[-.12, .48]. The estimated internal consistency of Attentional Control Index scores 

prior to the state anxiety induction was rSB = .59, CI95%[.41, .73], and following the state 

anxiety induction was rSB = .61, CI95%[.29, .77]. 

Examination of the Association between State Anxiety Elicited Change in Attentional Bias 

and Change in Attentional Control 

The fact that inducing elevated state anxiety did not elicit a general increase in 

attentional bias to negative information does not preclude the possibility that variation 

across participants in the degree to which it did so could be a function of the degree to 

which state anxiety elevation served to impair attentional control. To determine whether 

this was the case, two scores were computed for each participant. One score, labelled 

Inhibitory Attentional Control Cost Increase, reflected the amount the participant’s 

Inhibitory Attentional Cost Index score increased following the state anxiety induction, with 

higher scores meaning that the elevation of state anxiety had led to greater reduction in 

 

2 For readers interested in a traditional split-half approach, the correlation between 1st block and 2nd block 
trials for each assessment task was as follows. AB(Pre-Induction) rSB = -.08, AB(Post-Induction) rSB = .37, AC(Pre 
Induction) rSB = .51 , AC(Post Induction) rSB = .41. 
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inhibitory control of attention. The other score, labelled Attentional Bias Increase, reflected 

the amount the participant’s Attentional Bias Index score increased following the state 

anxiety induction, with higher scores meaning that the elevation of state anxiety had led to 

greater increase in attentional bias to negative information. 

To examine whether variation in state anxiety-linked change in attentional bias to 

negative information was predicted by change in attentional control, a linear regression was 

conducted. This regression included Attentional Bias Increase scores as the outcome 

variable and Inhibitory Attentional Control Cost Increase scores as the predictor variable. 

The model determined that, as anticipated, Attentional Bias Increase scores were 

significantly predicted by Inhibitory Attentional Control Cost Increase scores, F(1,75) = 6.83, 

b = -0.10, SE = 0.04, β = -0.29, p = .011, R2 = .08. Thus, the model determined that greater 

state anxiety elicited elevation of attentional bias to negative information was predicted by 

lesser state anxiety elicited diminishment in inhibitory control of attention. An illustration of 

the relationship between these variables is present in Figure 4. While this supported the 

prospect that variation in state anxiety elicited change in attentional control may contribute 

to variance in state anxiety elicited change in attentional bias, the direction of this 

association was inverse to the direction proposed by the hypothesis under test. 

Discussion 

The aim of the present study was to determine whether variation in the degree to 

which heightened state anxiety leads to elevation in attentional bias to negative information 

is predicted by variation in the degree to which heightened state anxiety leads to 

impairment of inhibitory control of attention. The procedure adopted to induce elevated 

state anxiety was found to do so effectively, and this elevation of state anxiety served to 

generally compromise inhibitory control of attention, though did not lead to a general 
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increase in attentional bias to negative information, across participants. Importantly, cross-

participant variation in the degree to which elevated state anxiety resulted in elevation in 

attentional bias to negative information was predicted by cross-participant variation in the 

degree to which elevated state anxiety served to impair inhibitory control of attention. 

Contrary to expectation, across participants greater levels of state anxiety elicited elevation 

of attentional bias to negative information was predicted by lesser levels of state anxiety 

elicited decrement in inhibitory control of attention. 

Within present study, the absence of evidence to demonstrate a general impact of 

elevated state anxiety upon attentional bias to negative information is inconsistent with 

previous research that has observed elevated state anxiety to lead to a general increase in 

attentional bias to negative information (Liu et al., 2019; Mogg et al., 1997, 1990). In 

contrast, the present demonstration that elevated state anxiety lead to a general 

diminishment in attentional control is consistent with previous studies that have observed a 

general impact of elevated state anxiety upon attentional control performance (Pacheco-

Unguetti et al., 2010).While the relation of the present findings with previous literature is 

noteworthy, it is also important to note that the presence or absence of these general 

effects do not impact the determination of whether variation in state anxiety linked change 

in each attentional process is associated. 

Importantly, the present findings support the proposal made by theorists that 

variation in attentional control may contribute to variation in attentional bias to negative 

information (Cisler & Koster, 2011; Eysenck et al., 2007). However, at least with respect to 

state anxiety induced change in these processes, the present findings demonstrate an 

association that contrasts with the proposal that attentional bias to negative information is 

underpinned by poor attentional control. Given inhibitory control of attention reflects the 
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capacity to direct attention in line with task goals the present finding leads to speculation 

that increased attentional bias to negative information in response to elevated state anxiety 

may represent an attentional goal rather than an attentional failure, and that greater 

inhibition of goal irrelevant (i.e. non-negative) information will allow greater success 

sustaining this attentional goal. Though some models of attentional bias to negative 

information have posited that contexts that elevate anxious mood states may encourage 

controlled selective attentional vigilance for negative stimuli (Cisler & Koster, 2011; Mogg & 

Bradley, 1998), the exact influence of state anxiety upon attentional control and attentional 

bias to negative information is not clearly illuminated by these models and future research 

will be necessary to clarify this tripartite relationship. 

The present findings would be well considered in the context of findings that indicate 

influence of context on the flexible adjustment of attentional preference for stimuli. For 

example, an individual anxious about walking along a dark street at night may find their 

attention heightened, and more readily captured by signs of danger. Examining the 

influence of contextual change upon attention to emotional stimuli, Godara et al. (2020) 

observed that dysphoric individuals more readily switched attention goals to facilitate 

attention to negative information when that aligned with contextual goals. Other 

researchers have also observed influence of information processing goals on flexible 

attentional capture by stimuli relevant to these goals (Vogt, De Houwer, & Moors, 2011; 

Vogt, De Houwer, Moors, Van Damme, & Crombez, 2010). Research could usefully seek to 

determine the contribution of attentional flexibility and attentional goal setting to 

attentional processing of negative information in contexts that manipulate state anxiety. 

Though the present study observed an effect of trait anxiety upon attentional bias to 

negative information, it did not observe a change in attentional bias to negative information 
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across participants between state anxiety assessment points. The absence of an observed 

impact of state anxiety elevation upon measures of attentional bias to negative information 

may be the result of poor psychometric reliability of mean-based measure yielded by the 

dot-probe task employed in this study (MacLeod, Grafton, & Notebaert, 2019). Researchers 

have noted the detrimental epistemic consequences arising from poor reliability of central 

tendency-based measures of attentional bias that are typically derived from the dot-probe 

task, particularly when examining within-individual variation (MacLeod et al., 2019; Van 

Bockstaele et al., 2019). In response, some theorists have advocated that measuring within-

individual variability in biased attention across an assessment task may more aptly measure 

anxiety-linked attentional bias to negative information (Zvielli, Bernstein, & Koster, 2015), 

and recent evidence has implicated attentional control in the relationship between 

attentional bias variability and anxiety (Clarke et al., 2020). Future research examining the 

role of attentional control in state anxiety-linked change in attentional bias would benefit 

from measures shown to assess attentional bias to negative information precisely and 

reliably.  

It is also important to consider that the present study subjected individuals to an 

induction designed to acutely elevate state anxiety. However, other researchers have 

examined change in attentional bias under conditions of more persistent elevation in state 

anxiety, such temporally distal, or proximal, to a major examination (MacLeod & Rutherford, 

1992). Longer-term environmental stressors (e.g. impending exams) may impact biases in 

selective attention, or attentional control, differently amongst individuals as compared 

circumstances of acute elevation in state anxiety (Mogg & Bradley, 1998). Thus, future 

research could usefully examine whether the association between variation in change in 
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attentional bias to negative information and attentional control remains when elevated 

state anxiety is induced via prolonged environmental stressors. 

Further, it is noteworthy that though the present study demonstrates an association 

between variation in change in inhibitory control of attention and change in attentional bias 

to negative information in response to elevated state anxiety, it does not establish a causal 

association. Thus, future research could usefully determine whether manipulation of 

inhibitory control of attention change experienced in response to elevated state anxiety 

influences change in attentional bias to negative information. Neurostimulation methods 

have been shown to be effective in illuminating the causal influence of attentional control 

upon attentional bias to negative information (Chen et al., 2017) and could be employed to 

examine the impact of increasing, or decreasing, variation in state anxiety-linked inhibitory 

control of attention change upon attentional bias change. 

Future research could also usefully investigate additional functions relationships 

between the variables of state anxiety, attentional control, and attentional bias to negative 

information. For example, given some previous theoretical frameworks proposed (Bishop & 

Forster, 2013) it is plausible that state anxiety may functionally moderate the presence or 

strength of an association between attentional control and attentional bias to negative 

information. Researchers could investigate this functional relationship by adoption a 

methodological design that echoes the present study, and examine change in the strength of 

the association between these attentional processes under each state anxiety condition. 

In summary, the present study demonstrated that variation in the degree to which 

elevated state anxiety resulted in elevation in attentional bias to negative information was 

predicted by variation in the degree to which elevated state anxiety served to impair 

inhibitory control of attention. However, contrary to expectation greater levels of state 
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anxiety elicited elevation in attentional bias to negative information was predicted by lesser 

levels of state anxiety elicited decrement in inhibitory control of attention. These findings 

invite interesting speculation as to the relationship between attentional bias to negative 

information, attentional control, and state anxiety, and we encourage researchers to work 

to further illuminate this relationship.  
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Table 1 
Descriptive statistics of measures of state anxiety, attentional bias, and attentional control, under each state anxiety manipulation condition 
for each trait anxiety group. M (SD). 

Measure  Pre State Anxiety Induction Post State Anxiety Induction 

 Low Trait Anxiety High Trait Anxiety Low Trait Anxiety High Trait Anxiety 

State Anxiety Index 
51.25 

(28.34) 
92.58 

(36.39) 
72.46 

(41.40) 
108.28 
(37.03) 

Attentional Bias Index 
1.26 

(12.97) 
6.09 

(20.06) 
-4.46 

(21.94) 
3.97 

(20.48) 
Inhibitory Attentional 
Control Cost Index 

101.57 
(82.15) 

81.15 
(74.83) 

115.78 
(94.36) 

104.84 
(75.03) 
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Figure 1. Mean SAI-6 scores, reflecting level of state anxiety, for each assessment point 

and trait anxiety group. Height of bars represent mean latencies, error bars represent 

standard error, points represent mean scores of individual participants. 
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Figure 2. Attentional Control Index scores for each assessment point and trait anxiety 

group. Height of bars represent mean index score, error bars represent standard error, 

points represent index of individual participants. 
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Figure 3. Attentional Bias Index scores for each assessment point and trait anxiety group. 

Height of bars represent mean index score, error bars represent standard error, points 

represent index of individual participants. 
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Figure 4. Association between increase in attentional bias index scores and increase in 

attentional control index scores across participants. Line represents line of best fit, shaded 

area represents standard error, points represent individual participants. 

 


