
Vol.:(0123456789)

Behavior Research Methods 
https://doi.org/10.3758/s13428-024-02403-6

ORIGINAL MANUSCRIPT

Attentional biases to signals of negative information: Reliable 
measurement across three anxiety domains

Julian Basanovic1,2 

Accepted: 13 March 2024 
© The Author(s) 2024

Abstract
Cognitive models propose that individuals with elevated vulnerability to experiencing negative emotion are characterised by 
biased attentional responding to negative information. Typically, methods of examining these biases have measured attention 
to pictures of emotional scenes, emotional faces, or rewarding or feared objects. Though these approaches have repeatedly 
yielded evidence of anxiety-linked biases, their measurement reliability is suggested to be poor. Recent research has shown 
that attentional responding to cues signalling negative information can be measured with greater reliability. However, 
whether such biases are associated with emotion vulnerability remains to be demonstrated. The present study conducted three 
experiments that recruited participants who varied in trait and state anxiety (N = 134), social anxiety (N = 122), or spider fear 
(N = 131) to complete an assessment of selective attention to cues signalling emotionally congruent negative information. 
Analyses demonstrated that anxiety and fear were associated with biased attentional responding to cues signalling negative 
information, and that such biases could be measured with acceptable reliability (rsplit-half = .69–.81). Implications for research 
on the relation between emotion and attention are discussed.
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For decades, cognitive theories have proposed that indi-
viduals who display elevated vulnerability to experienc-
ing negative emotional states, such as anxiety, fear, or low 
mood, are characterised by biased attentional preferences for 
emotionally negative information. These theories have been 
supported by research demonstrating that heightened anxi-
ety is associated with greater attentional orienting towards 
negative information and greater subsequent attentional 
avoidance of negative information (Bar-Haim et al., 2007; 
Beck & Clark, 1997; Mathews & Mackintosh, 1998; Mogg 
& Bradley, 1998; Williams et al., 1988), that heightened 
depression is associated with reduced attention towards posi-
tive emotional information (Joormann & Gotlib, 2007; LeM-
oult & Gotlib, 2019; Winer & Salem, 2016), and that other 
emotional-linked domains such as body image (Dondzilo 

et al., 2021; Dondzilo & Basanovic, 2023) and chronic pain 
(Todd et al., 2015, 2018) are associated with biases favour-
ing emotion-congruent negative information, such as “thin-
ideal” bodies and pained facial expressions, respectively.

To investigate attention to emotional information, 
researchers have developed tasks that measure selective 
attentional allocation to emotional stimuli. The most com-
mon of these tasks is the “attentional-probe” or “dot-probe” 
paradigm (MacLeod et  al., 1986, 2002). The paradigm 
repeatedly presents participants with pairs of visual stimuli 
on a screen. One stimulus in the pair depicts emotional infor-
mation and the other depicts benign information. Following 
a brief duration, the stimuli are removed, and one stimulus 
is replaced by a visual target that participants must discrimi-
nate with a response. Under the assumption that participants 
will respond more quickly to targets presented in the loca-
tion of the stimulus they had attended to, researchers com-
pare response latencies for targets in each stimulus location 
to infer biases in the allocation of attention between each 
stimulus type.

In the case of anxiety, research has examined attentional 
responding to emotionally discrepant word pairs (e.g., “can-
cer”, “table”), negative and non-negative emotional scenes 
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(Basanovic & MacLeod, 2017; Koster et al., 2007; Mogg 
et al., 2004; Rudaizky et al., 2014; Yiend & Mathews, 2001), 
angry and neutral facial expressions (Bradley et al., 1999; 
Mazidi et al., 2021; Pishyar et al., 2004), and feared and non-
feared animals (Basanovic et al., 2017; Merckelbach et al., 
1993; Rinck & Becker, 2006). It is notable, however, that 
anxiety-linked differences in attention to negative informa-
tion are not consistent across anxiety domains. For example, 
meta-analytic evidence examining individuals who differ in 
trait anxiety have tended to demonstrate elevated trait anxi-
ety to be associated with greater attention towards negative 
stimuli (Bar-Haim et al., 2007; Liu et al., 2019). Further, 
some studies have also indicated that variation in state 
anxiety can moderate the association between attention to 
negative stimuli and trait anxiety, such that heightened state 
anxiety results in greater attention to negative information 
in high trait-anxious individuals, as compared to low trait-
anxious individuals (MacLeod & Mathews, 1988; Mogg 
et al., 1994). With respect to social anxiety, probe-based 
tasks have generally shown heightened social anxiety to be 
associated with heightened attention towards angry faces, as 
compared to benign faces (Bantin et al., 2016). While fewer 
in number, probe-based studies examining spider fear have 
revealed mixed evidence concerning attentional vigilance for 
spider-relevant stimuli (Lipp & Derakshan, 2005; Merckel-
bach et al., 1993; Mogg & Bradley, 2006), while continuous 
measures of eye gaze across durations of several seconds 
have indicated heightened spider fear to be associated with 
initial attentional orientation towards spider stimuli followed 
by sustained attentional avoidance (Hermans et al., 1999; 
Pflugshaupt et al., 2005; Rinck & Becker, 2006).

Though the attentional-probe paradigm has repeatedly 
revealed evidence of anxiety-linked biases in attentional 
responding to negative information, recent investigations 
have found the method to have poor reliability in its meas-
urement. Reported split-half reliability estimates of the dif-
ference in mean response latencies for probes presented in 
each stimulus location, a measure commonly used to index 
biases in attentional responding, have typically ranged from 
r = −.26 to r = .35 (Basanovic et al., 2021; Chapman et al., 
2017; Clarke et al., 2020; Schmukle, 2005; Van Bockstaele 
et al., 2019; Waechter & Stolz, 2015), well below the cri-
terion of .70 that is commonly taken to indicate a sufficient 
level of measurement reliability for cognitive assessments 
in research (Ponterotto & Ruckdeschel, 2007). Importantly, 
poor measurement reliability has long been known to limit 
the capacity for researchers to accurately investigate hypoth-
eses. Poor reliability reduces observable effect sizes, con-
strains the maximum observable association between vari-
ables, and reduces statistical power to detect true effects 
(Parsons et al., 2019; Schmidt & Hunter, 1999), impairs 
comparisons of effect sizes of different measures (Cooper 

et al., 2017), and impairs replication efforts (Shaw et al., 
2020).

The importance for resolving poor measurement of 
attentional biases has been highlighted by mixed evidence 
concerning the presence of attentional biases in anxiety dis-
orders. While there is evidence that greater anxiety vulnera-
bility is associated with attentional biases for negative infor-
mation (Bar-Haim et al., 2007), and that the manipulation of 
attentional biases can reduce symptoms of anxiety disorders 
(Hallion & Ruscio, 2011), recent meta-analytic evidence has 
indicated that individuals with clinical diagnoses of anxiety 
disorders do not exhibit an attentional preference for nega-
tive information (Kruijt et al., 2019). While one explanation 
is that clinical anxiety is not characterised by bias for nega-
tive information (and indeed this conclusion is not incom-
patible with research that has assessed differences in biased 
attention between anxious and non-anxious groups), another 
plausible explanation is that poor measurement reliability is 
resulting in “true” biases are not being detected in research. 
Critically, this ambiguity currently impairs the progress of 
research in understanding the role and potential utility of 
attentional biases in clinical disorders.

In contrast to research measuring attentional respond-
ing to negative information, some researchers have exam-
ined anxiety-linked differences in attentional responding 
to stimuli that signal forthcoming negative information. 
Though these signals do not contain emotional informa-
tion themselves, attentional responding to such signals can 
reveal differences in attentional preferences for emotional 
information, because attention to such cues would be highly 
relevant for an attentional system geared towards responding 
to negative information in a particular way. For example, an 
anxious person may find their attention captured by a sound 
heard outside the window at night, a socially anxious person 
to an audience member’s movements as they present a talk, 
or a spider-fearful person to the presence of a spider’s web.

Evidence exists to suggest this is the case. Using a condi-
tioning paradigm, Koster et al. (2005) observed that partici-
pants disproportionately allocated attention towards visual 
cues that signalled an imminent uncomfortable burst of noise 
as compared to cues that did not signal the noise. However, 
the investigators did not investigate whether attention to the 
cues was associated with emotional vulnerability. In other 
work, investigators have examined anxiety-linked differences 
in attention to cues signalling a financial loss or uncom-
fortable noise burst (Georgiades et al., 2021; Notebaert 
et al., 2017, 2020). Though these studies also incorporated 
experimental manipulations on the controllability of the 
negative outcome, they did observe that, in general, anxi-
ety vulnerability was associated with heightened attention 
towards cues signalling the negative outcome. Unfortunately, 
however, these researchers did not test the reliability of the 
measurements obtained from these methods.
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Studies have also demonstrated that individuals show 
heightened selective attention to cues signalling the pres-
ence of pictures of negative information, such as an angry 
face, and that such biases can be assessed with a higher level 
of measurement reliability than has been reported for the 
traditional attentional-probe task paradigm. Gladwin et al. 
(2019, 2020) presented participants with image pairs dis-
playing a an angry face and a neutral face. Each image pair 
was preceded by coloured cues that indicated the imminent 
location of each face. On some trials, the coloured cues were 
followed by attentional probes in each location, instead of 
the face images. The investigators found that participants 
were quicker to discriminate probes presented in the loca-
tion of cues that signalled the location of angry faces, as 
compared to neutral faces. This indicated that participants 
exhibited an attentional preference for cues that signalled 
negative information. The authors also demonstrated that an 
index of the difference in mean response latencies for probes 
presented in each stimulus location, providing a measure 
of the degree to which attention was biased, held greater 
levels of split-half internal reliability (r = .56 to .69). While 
this particular paradigm has not shown a link with anxiety 
vulnerability, it has revealed relationships between biased 
attention to cues signalling alcoholic beverages and indi-
vidual differences in alcohol consumption behaviour (Glad-
win, 2019; Gladwin et al., 2020). Other studies have used the 
cue-signal approach while manipulating the probability of 
the target location relative to cue locations to experimentally 
induce an attentional bias towards or away from cues sig-
nalling negative information (Gladwin et al., 2021). These 
revealed that anxiety vulnerability was associated with an 
attentional bias congruent with the inducement in blocks that 
sought to bias attention away from negative information, but 
not in blocks that sought to bias attention towards negative 
information. Together, these studies suggest that the cue-
signal paradigm may be capable of revealing relationships 
between individual variation in attention to negative signals 
and emotional vulnerability if one exists.

The prospect that anxiety may be associated with biases 
in attentional responding to signals of negative information, 
and that such biases may be measured with an acceptable 
degree of reliability, provides the impetus for the present 
study. Determining whether anxiety vulnerability is associ-
ated with biases in attention to signals of negative informa-
tion could inform cognitive models of attention and anxiety 
that have been predominantly based on research examining 
how anxiety biases attention in response to the presentation 
of negative information (Bar-Haim et al., 2007; Cisler & 
Koster, 2011). For example, if rigorous investigations reveal 
that anxiety is associated with biased attention to neutral 
signals of emotional information, this could indicate new 
mechanisms through which emotion interacts with attention, 
such as through processes that operate to proactively respond 

in anticipation of negative information, as compared to pro-
cesses that operate to reactively respond in the presence of 
negative information. This could also benefit other emotion 
domains that consider attentional processing of emotional 
information, such as depression, body image, and chronic 
pain. Furthermore, determining whether such biases can 
be measured with an acceptable degree of measurement 
reliability will reveal whether measurement of this bias is 
appropriate for work striving to understanding the relation 
between attention and emotion.

For these reasons, the aim of the present study was to 
determine whether biases in attentional responding to cues 
signalling the imminent location of negative information are 
related to anxiety vulnerability, and whether such biases can 
be measured with acceptable reliability. Three experiments 
recruited participants who varied in either trait and state 
anxiety, social anxiety, or specific fear. Participants com-
pleted an attention assessment task that presented a pair 
of visual cues indicating the imminent location of nega-
tive information and non-negative information congruent 
with the individual difference of interest. On most trials, 
cues were accurately replaced by pictures depicting nega-
tive information (e.g., a negative scene, a negative facial 
expression, or a spider) and non-negative information. On 
remaining trials, one cue was replaced with a visual target 
that participants were required to discriminate. Biased atten-
tional responding to cues signalling the imminent location of 
negative stimuli was inferred by comparing response laten-
cies for probes replacing each cue. The relationship between 
anxiety vulnerability and biased selective attention to cues 
signalling negative pictures was analysed using a mixed-
effects model approach.

The nature of any potential anxiety-linked biases and the 
reliability of their measurement was not hypothesised. How-
ever, it was predicted that any anxiety-linked difference in 
attentional responding to cues signalling negative informa-
tion would be revealed through a moderating influence of 
anxiety vulnerability upon the difference in response laten-
cies for probes presented in the location of cues signalling 
negative as compared to non-negative pictures.

General method

Approval to conduct this research was obtained from the 
Human Research Ethics Committee of the University of 
Western Australia. Three experiments were conducted 
simultaneously, and each experiment had common methodo-
logical features in participant recruitment, task design, and 
procedure, though they differed with respect to the individ-
ual differences of interest and emotional information used. 
The features common across studies will be described first, 
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followed by features unique to the design of each experiment 
and the results of each experiment.

Method and data analysis common 
across experiments

Participants

Participants were recruited from the psychology under-
graduate participant pool of the University of Western 
Australia, who participated in the study in exchange for 
course credit. Participants were recruited over the course 
of four university teaching semesters at the university 
(April 2021–October 2022), and recruitment was ceased 
at a pre-determined date. Details of participants in each 
experiment are provided in the experiment-specific method 
sections.

Attention assessment task

The attention assessment task was designed to measure the 
degree to which participants demonstrated biased atten-
tional responding to visual cues indicating the imminent 
location of pictures depicting negative information, as 
compared to non-negative information. The task’s core 
feature of signalling information with neutral cue stim-
uli and measuring attention to these cues built on work 
described by Gladwin et al. (2019, 2020).

The task presented participants with repeated trials dur-
ing which coloured visual cues predicted the location of 
subsequently presented negative and non-negative pictures 
(“picture trials”). These trials served to demonstrate the 
association between cue colour and picture valence. Inter-
spersed amongst these trials were trials that presented the 
same cues, but that probed attentional responding to the 
cues by instead following one of the cues with a visual tar-
get that participants were required to discriminate (“probe 
trials”). These trials were used to assessed relative atten-
tion allocation between the cues that predicted negative 
and non-negative information. An illustration of these trial 
types is present in Fig. 1.

Trials in the task were presented across a series of 
blocks. Each block commenced by informing the partici-
pant of the colour of a visual cue that would predict the 
location of negative and non-negative picture. Participants 
then completed a comprehension test for this information. 
At the end of each block, participants were asked to recall 
the colour of the negative picture cue. Each block com-
prised picture trials and probe trials in randomised order 
across each task block. Details of each trial type will now 
be described.

Picture trials Two-thirds of the trials in each block were 
“picture trials”. These trials commenced with a fixation 
cross presented in the centre of the screen for 500 ms. Next, 
the cross was cleared, and two visual cues were presented 
on screen. The visual cues were a blue and yellow square, 
and the cue colour for each picture type was fixed across 
the task and counterbalanced across participants. One cue 
was presented to the left of screen centre, and one to the 
right of centre. The location of each cue was randomised, 
though each cue was presented in each location with equal 
frequency across trial blocks. Each cue was 85 mm in height 
and width, and the distance between the centres of the cues 
was 135 mm. The cues were presented for 500 ms, before 
being replaced by two pictures depicting negative informa-
tion and non-negative information. The cues always accu-
rately predicted the subsequent location of the pictures. The 
pictures were presented for 1000 ms, after which the screen 
was cleared. The next trial commenced after a 500 ms delay.

Probe trials One-third of the trials in each block were 
“probe trials”. These trials commenced with a fixation cross 
presented in the centre of the screen for 500 ms. Next, the 
cross was cleared, and the same two cues were presented 
on screen. Following their presentation, a visual target was 
presented in the location of the negative picture cue or non-
negative picture cue, at random but with equal frequency 
across trials. The target was two dots, distanced 5 mm apart, 
and aligned either horizontally ( . . ) or vertically ( : ). A 
foil presented a diagonal dot pair and was presented in the 
alternate location to reduce attentional capture by onset of 
a single stimulus. Participants were instructed to identify 
the target as quickly and accurately as possible, by press-
ing the “H” or “V” key on the keyboard. The target and 
foil remained on screen until participants responded. Upon 
a correct response, the screen was cleared. Upon an incorrect 
response, the word “INCORRECT” appeared on screen for 
3 seconds. The next trial commenced after a 500 ms delay. 
The trial recorded the latency and accuracy of the target 
discrimination response. The latency at which participants 
discriminated targets in each cue location was used to meas-
ure attention to cues signalling negative pictures.

Procedure

The procedure was delivered online via the participants’ 
personal device at a time and location of their choosing. 
Upon starting the study procedure, participants were pro-
vided with an information and consent form. Once con-
sent was obtained, participants calibrated their monitor 
to a known spatial distance (the width of a credit card) 
which allowed the presentation software to maintain 
the spatial parameters of stimuli across different moni-
tor sizes and resolutions. Participants next completed 
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demographic information and experiment-specific ques-
tionnaires (described below). To adhere to informed con-
sent requirements, participants then viewed eight pictures 
randomly drawn from the picture set used in the attention 
task before confirming their desire to continue. Partici-
pants next received instruction on the attention task and 
completed a practice block of 24 trials presenting pictures 
of abstract art in place of the picture set. Participants then 
completed the experiment critical trials of the attention 
task. Lastly, participants completed a questionnaire that 
asked them to confirm the integrity of their data for analy-
sis. Responses on the integrity questionnaire did not influ-
ence reimbursement for participation. Upon completion of 

the procedure, participants were provided with reimburse-
ment and debriefing information.

Data analysis

Participant data was considered invalid and excluded from 
data analysis if it demonstrated an excessively long proce-
dure duration (> 120 minutes), if the participant commenced 
the procedure more than once, or if the participant indicated 
that their data should not be used for analysis. Remaining 
participants were excluded from inferential analysis if the 
accuracy of their probe discrimination responses was below 

+

Nega�ve 
picture

Non-
nega�ve 
picture

:

Trial procedure

1/3 trials

2/3 trials

500 ms; Fixa�on 500 ms; Cue presenta�on

1000 ms; Valenced s�muli

Un�l target discrimina�on

The loca�on of nega�ve emo�onal pictures will 
always be predicted by the YELLOW square.

Please confirm you understand this instruc�on:

----

''Which coloured square will predict the loca�on of 
nega�ve emo�onal pictures?''

RESPONSE:

Press 'Y' for YELLOW square.

Press 'B' for BLUE square.

Press 'U' if you are UNSURE.

Block start

END OF BLOCK QUESTION

----

''Which coloured square predicted the loca�on of 
nega�ve emo�onal pictures in the block of trials you 

just completed?''

RESPONSE:

Press 'Y' for YELLOW square.

Press 'B' for BLUE square.

Press 'U' if you are UNSURE.

Block end
Block instruc�on and comprehension test

KDEF exemplar images
(BM04NES; AM29ANS)

Non-IAPS exemplar images

Experiment 1 Experiment 2 Experiment 3

Available at materials repository

Trial pictures

Fig. 1  Illustration of block instruction trial procedure for the attention assessment task used in each experiment. Figure not to scale
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90%, or if they failed a comprehension check for the colour 
of the cue stimulus that signalled negative pictures.

For valid participants, the latencies of incorrect responses 
and latencies less than 200 ms or greater than 2000 ms were 
eliminated. Next, for each participant, the 95% highest-
density interval of the distribution of their response laten-
cies was computed, and latencies outside this interval were 
eliminated.

Analyses examined whether individual differences in 
anxiety or fear predicted differences in response latencies for 
correctly discriminated targets presented proximal to cues 
signalling negative pictures, as compared to non-negative 
pictures. Analyses also examined the internal reliability of 
the within-participant difference in mean response latencies 
between these targets (commonly labelled an “attentional 
bias index”), which indicates the reliability of the measure-
ment of selective attentional responding.

Analysis of the relationship between individual differ-
ences in emotion and attention was conducted using lin-
ear mixed-effects regression models. For each model, the 
dependent variable was log-transformed response latencies1. 
Critical predictor variables represented the relative location 
of the probe to the negative cue (probe location [negative 
cue location, non-negative cue location]), variation in the 
questionnaire scores for the individual difference(s) of inter-
est (trait and state anxiety, social anxiety, or spider fear), 
and their interaction term. Each model also included predic-
tors to account for the effect of task progression (trial num-
ber), the effect of the preceding trial negative cue location 
(previous negative cue location [same, different]; Talcott 
et al., 2022), the effect of whether the preceding trial was a 
picture trial or probe trial (previous trial type [picture trial, 
probe trial]), and the effect of the colour of the negative 
cue upon response latencies for probes in the location of 
negative cues as compared to non-negative cues (the interac-
tion between negative cue colour [blue, yellow] and probe 
location [negative cue location, non-negative cue location]. 
Random effects included a random intercept effect of par-
ticipant and a random slope effect of probe location (Barr, 
2013). Effects from the regression model were evaluated 
through analysis of variance (ANOVA). Significant effects 
were inferred via p-values computed using Satterthwaite's 
method and appraised using model-predicted values. Esti-
mated values for response latencies at specific levels of criti-
cal predictor variables, shown in figures, were computed 
after averaging over the levels of other factorial predictors 
in the model (marginal predictions). To evaluate potential 

speed–accuracy trade-off patterns, an identical logistic 
mixed-effects model was conducted on participant response 
accuracy. For brevity, reported results focus on the criti-
cal test(s) involving individual difference measures in the 
response latency models. The complete results of all analy-
ses are available at the repository associated with this article 
(see Open Practices Statement).

The internal reliability of the measurement of biased 
selective attention for each task was assessed by comput-
ing the difference in mean response latency for probes in 
each cue location for each participant (labelled the “Atten-
tional Bias to Negative Cues Index”), and then subjecting 
this index to a split-half reliability approach. To increase 
the robustness of these estimates, the index and its Spear-
man–Brown corrected correlation (rSB) was repeatedly com-
puted across 5000 randomly selected split-halves (Parsons, 
2021). The mean and 95% highest-density interval of the 
resulting distribution of split-half correlations served as the 
estimate and confidence interval of internal reliability.

Finally, many studies often amount to examining the rela-
tionship between individual differences and the Attentional 
Bias to Negative Cues Index. Therefore, analyses examined 
the association between measures of anxiety vulnerability 
and the Attentional Bias to Negative Cues Index in each 
study.

Method and results unique to experiments

Features of the method that were unique to each experiment, 
and the results of analysis conducted for each experiment, 
are described below.

Experiment 1: Trait and state anxiety

Method

Participants Two hundred and thirteen participants pro-
vided valid data. Sixty-five participants failed the negative 
cue comprehension check on one or more trials blocks. A 
further 14 participants demonstrated a probe discrimination 
accuracy rate below the inclusion criterion. Descriptive sta-
tistics of the final sample of 134 participants are presented 
in Table 1.

State‑Trait Anxiety Scale The Spielberger State-Trait Anxi-
ety Inventory (STAI; Spielberger et al., 1983) was used to 
assess participants’ levels of state anxiety and trait anxiety. 
The STAI contains two scales designed to measure an indi-
vidual’s level of state anxiety “right now” (STAI-S) and their 
level of trait anxiety “in general” (STAI-T). Scores on each 

1 Log-transformed response latencies were used, as they resulted in 
closer alignment of the model predictions and the observed data. Out-
puts of models using non-transformed response latencies resulted in 
the same pattern of results.
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scale can range from 20 to 80, with higher scores represent-
ing higher levels of anxiety. The internal reliability amongst 
participants for the STAI-S was αChronbach = .94,  CI95% [.92, 
.95] and for the STAI-T was αChronbach = .94,  CI95% [.92, .95].

Picture stimuli The attention assessment task presented 128 
negatively valenced pictures to represent negative informa-
tion, and 128 positively valenced pictures to represent non-
negative information2. Pictures were drawn from emotional 
scenes contained within the International Affective Pictures 
System (IAPS; Bradley & Lang, 2017). The images taken 
from the IAPS system depicted injury, violence, weapons, 
disgust, and aggression. Examples of non-negative images 
include scenes featuring happy people, landscapes, and 
pleasant animals. IAPS pictures have been validated by 
ratings on a nine-point scale, with lower scores indicating 
more a negative valence of the picture content. In the present 
experiment, the mean valence rating of negative pictures 
was M(SD) = 2.20 (0.30) and non-negative pictures was 
M(SD) = 7.36 (0.42). A list of the images used is available 
in the materials repository associated with this article.

Attention assessment task The attention assessment task 
included 768 trials, comprising 512 picture trials and 256 
probe trials evenly delivered across four trial blocks.

Results

The internal reliability estimate of the Attentional Bias to 
Negative Cues Index was rSB = .81,  CI95%[.74, .86]. This 
indicated that the measurement of selective attention in the 
task had a very high degree of internal consistency. Descrip-
tive statistics of response latencies are presented in Table 1.

The linear mixed-effects regression analysis revealed a 
significant main effect of probe location, F(1, 129.38) = 6.40, 
p = .013. Estimated marginal means  (MEM) indicated that 
when averaging across all other effects, participants were 
slower to discriminate probes in the location of negative 
cues (MEM = 889 ms) as compared to non-negative cues 
(MEM = 877 ms). The regression analysis revealed a signifi-
cant interaction effect involving probe location and STAI-S 
scores, F(1, 129.57) = 6.17, p = .014, which indicated that 
heightened state anxiety was associated with greater speed 
to discriminate probes in the location of negative cues. A 
significant effect involving probe location and STAI-T scores 
was also observed, F(1, 129.07) = 4.10, p = .045, which 
indicated that heightened trait anxiety was associated with 
greater speed to discriminate probes in the location of non-
negative cues. Critically, these effects were subsumed by a 
significant three-way interaction effect involving probe-neg-
ative congruency, STAI-S scores, and STAI-T scores, F(1, 
129.34) = 6.02, p = .015. The pattern arising from this effect 
is presented in Fig. 2. A Johnson-Neyman analysis revealed 
that the two-way interaction between STAI-T scores and 
probe location was statistically significant only when STAI-
S scores were above 44. Analysis next fixed STAI-S scores 
at one standard deviation above the sample mean (STAI-S 
scores = 50) and found that, at this level of state anxiety, 
the effect of probe location became statistically significant 
(p < .05) when STAI-T scores were greater than 62. When 
state anxiety was fixed at one standard deviation below the 

Table 1  Descriptive statistics of participant demographic characteristics and anxiety vulnerability measures, for each experiment; [mean (SD), 
range]

Measure Experiment 1 (N = 134) Experiment 2 (N = 122) Experiment 3 (N = 131)

Gender: Woman:Man:Other 81:53:0 74:46:2 88:41:2
Age (years) 20.40 (3.63), 18–39 19.39 (2.70), 17–31 20.04 (3.39), 17–36
STAI-S score (state anxiety) 38.55 (11.32), 20–76
STAI-T score (trait anxiety) 46.16 (11.71), 20–68
SIAS score (social anxiety) 31.30 (14.32), 1–63
FSQ score (fear of spiders) 64.94 (33.63), 18–125
FBQ score (fear of butterflies) 28.56 (16.03), 18–102
Response latency
Probe in negative location 938.29 (179.14), 585.58–1464.2 867.43 (166.19), 593.79–1436.30 933.10 (196.46), 631.26–1522.68
Probe in non-negative location 916.97 (189.79), 560.96–1449.18 872.77 (157.92), 590.18–1382.80 923.17 (187.47), 571.14–1427.98
Attentional bias to negative cues 

index
−21.33 (65.05), −197.75 to 192.05 5.35 (43.68), −142.53 to 134.72 −9.93 (56.87), −376.09 to 105.53

2 Dominant approaches to evaluating and theorising anxiety-linked 
differences in attentional biases to negative information have typi-
cally not drawn a distinction between negatively valenced informa-
tion and information depicting social or physical threats. However, 
it is notable that negative information is not necessarily threatening, 
and recent research has suggested that images showing negatively 
valenced non-threat information are not necessarily processed identi-
cally to images showing threatening information (March et al., 2020).
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mean (STAI-S scores = 27), the interaction between probe-
congruency and STAI-T scores did not reach significance. 
The model evaluating response accuracy revealed no effects 
related to probe location or STAI-T or STAI-S scores.

Finally, a simple linear regression model was computed 
to examine the degree that individual differences in STAI-
S scores and STAI-T scores, and their interaction, pre-
dicted Attentional Bias to Negative Cues Index scores. The 
regression analysis revealed a significant interaction effect, 
b = −.011, t = −2.36, p = .020, r2 = .043,  Δr2 = .041. 
Johnson-Neyman analysis revealed that the association 
between STAI-T scores and Attentional Bias to Negative 
Cues Index scores was negative and statistically significant 
when STAI-S scores were greater than 48.

Thus, these results indicated that the measurement of 
selective attention to negative cues exhibited a high degree 
of internal reliability, and that heightened levels of trait 
anxiety were associated with heightened selective atten-
tion away from cues signalling negative information when 
participants reported at moderate or higher levels of state 
anxiety.

Experiment 2: Social anxiety

Method

Participants One hundred and ninety-two participants pro-
vided valid data. Sixty-four of these participants failed the 
negative cue comprehension check on one or more trials 

blocks. A further six participants demonstrated a probe 
discrimination accuracy rate below the inclusion criterion. 
Descriptive statistics of the final sample of 122 participants 
are presented in Table 1.

Social Interaction Anxiety Scale The Social Interaction 
Anxiety Scale (SIAS; Mattick & Clarke, 1998) was used to 
assess participants’ social anxiety vulnerability. The 20-item 
scale requires participants to report on their emotional expe-
riences in social situations. Scores on the SIAS can range 
from 0 to 80, with higher scores representing higher levels of 
social anxiety vulnerability. The internal reliability amongst 
participants was αChronbach = .93,  CI95% [.91, .95].

Picture stimuli The attention assessment task presented pic-
tures depicting 36 male faces with angry expressions and 36 
male faces with neutral expressions drawn from the Karolin-
ska Directed Emotional Faces picture set (KDEF; Lundqvist 
et al., 1998). A list of the images used is available in the 
materials repository associated with this article.

Attention assessment task The attention assessment task 
included 864 trials, comprising 576 picture trials and 288 
probe trials evenly delivered across four trial blocks.

Results

The internal reliability estimate of the Attentional Bias to 
Negative Cues Index was rSB = .69,  CI95%[.57, .78]. This indi-
cated that the measurement of selective attention in the task 
had a good degree of internal consistency. Descriptive statis-
tics of response latencies are presented in Table 1. The linear 

Fig. 2  Experiment 1 regression model estimated values of response 
latency, in milliseconds (ms), for probes in threat cue and non-threat 
cue locations, across the possible range of STAI-T scores (trait anxi-

ety) at discrete STAI-S scores (state anxiety). STAI-S scores are dis-
cretised at the sample mean and one standard deviation above and 
below the sample mean
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mixed-effects regression analysis did not reveal a significant 
main effect of probe location, F(1, 118.78) = 1.40, p = .24, 
indicating that, when averaging across all other effects, par-
ticipants did not differ significantly in their response laten-
cies for probes in the location of negative cues (MEM = 828 
ms) as compared to non-negative cues (MEM = 834 ms). The 
regression analysis did reveal a significant interaction effect 
involving probe location and SIAS scores, F(1, 118.86) = 4.42, 
p = .038, which indicated that social anxiety was associated 
with variation in the speed to discriminate probes in the loca-
tion of negative cues relative to non-negative cues. The pat-
tern of predicted values related to this effect are presented in 
Fig. 3. Simple slopes analysis reveals the effect of probe loca-
tion fixed at one standard deviation above the sample mean 
(SIAS score = 45), t = 2.46 p = .015, but not when fixed one 
standard deviation below the mean (SIAS score = 17), t = 0.28, 
p = .78. A Johnson-Neyman analysis revealed that the effect of 
probe location was statistically significant (p < .05) when SIAS 
scores were greater than 34. The model evaluating response 
accuracy revealed no effects related to probe location or SIAS 
scores.

Finally, a simple linear regression model was computed to 
examine the degree that individual differences in SIAS scores 
predicted Attentional Bias to Negative Cues Index scores. The 
regression analysis revealed a non-significant effect, b = 0.52, 
t = 1.90, p = .060, r2 = .029. This indicated that level of social 

anxiety was not associated with a difference-score that indexed 
biased attention to cues signalling angry faces.

Thus, these results indicated that the measurement of 
selective attention to negative cues exhibited a good degree of 
internal reliability, and that heightened levels of social anxiety 
were associated with greater selective attention towards cues 
signalling negative information.

Experiment 3: Spider fear

Method

Participants One hundred and eighty-four participants pro-
vided valid data. Forty-seven participants failed the nega-
tive cue comprehension check on one or more trials blocks. 
A further six participants demonstrated accuracy below the 
inclusion criterion. Descriptive statistics of the final sample 
of 131 participants are presented in Table 1.

Fear of spiders and butterflies questionnaires The Fear of 
Spiders Questionnaire (Szymanski & O’Donohue, 1995) 
was used to measure spider fear. The 18-item scale requires 
participants to rate the degree to which they experience 
behavioural, physiological, and cognitive symptoms of 
spider fear. Scores on the FSQ can range from 18 to 126, 

Fig. 3  Experiment 2 regression model estimated values of response latency, in milliseconds (ms), for probes in threat cue and non-threat cue 
locations, across the possible range of SIAS scores (social anxiety)
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with higher scores reflecting greater spider fear. The Fear of 
Spiders Questionnaire has been demonstrated to hold con-
struct validity amongst undergraduate student populations 
(Muris & Merckelbach, 1996; Szymanski & O’Donohue, 
1995). The internal reliability amongst participants was 
αCronbach = .98,  CI95%[.97, .98].

As pictures of butterflies were used to represent a non-
feared stimulus, it was considered appropriate to statistically 
control for the effect of fear of butterflies when analysing 
biased attention to spider cues stimuli. As such, a Fear of 
Butterflies Questionnaire was developed that emulated the 
Fear of Spiders Questionnaire but replaced reference to spi-
ders with reference to butterflies. The internal reliability 
amongst participants was αCronbach = .95,  CI95%[.92, .97].

Picture stimuli The attention assessment task presented 96 
colour pictures of spiders and 96 colour pictures of butter-
flies. Each picture displayed the animal atop a white back-
ground with the width of the animal sized to extend to the 
width of the picture. These spider and butterfly pictures have 
been demonstrated to be differentially valenced amongst spi-
der-fearful individuals (Basanovic et al., 2017, 2019, 2022). 
The images used are available in the materials repository 
associated with this article.

Attention assessment task The attention assessment task 
included 864 trials, comprising 576 picture presentation tri-
als and 288 probe presentation trials evenly delivered across 
six trial blocks.

Results

The internal reliability estimate of the Attentional Bias to 
Negative Cues Index was rSB = .78,  CI95%[.70, .84]. This 

indicated that the measurement of selective attention in the 
task had a high degree of internal consistency. Descriptive 
statistics of response latencies are presented in Table 1. 
The linear mixed-effects regression model in Experiment 
3 included an interaction effect between the within-partici-
pants factor probe-location and Fear of Butterflies Question-
naire scores to account for the effect that fear of butterflies 
may have upon response latencies for probes in the location 
of butterfly cues as compared to spider cues. The analysis 
did not reveal a significant main effect of probe location, 
F(1, 130.31) = 3.74, p = .055, indicating that, when averag-
ing across all other effects, participants did not differ signifi-
cantly in their response latencies for probes in the location of 
negative cues (MEM = 875 ms) as compared to non-negative 
cues (MEM = 865 ms). The regression analysis did reveal a 
significant interaction effect involving probe location and 
FSQ scores, F(1, 127.28) = 13.69, p < .001, which indicated 
that spider fear was associated with variation in the speed 
to discriminate probes in the location of negative cues rela-
tive to non-negative cues. The pattern of predicted values 
related to this effect are presented in Fig. 4. Simple slopes 
analysis revealed that the regression slope of probe location 
was significant when FSQ scores were fixed at one stand-
ard deviation above the sample mean (FSQ score = 98), 
t = 2.51, p = .013, and significant, but in the reverse direc-
tion, when fixed at one standard deviation below the mean 
(FSQ score = 31), t = −2.06, p = .042. A Johnson–Neyman 
analysis revealed that the effect of probe location was sta-
tistically significant (p < .05) when FSQ scores were less 
than 33 or greater than 87. The model evaluating response 
accuracy revealed no effects related to probe location, FSQ 
scores, or FBQ scores.

Finally, a simple linear regression model was computed to 
examine the degree to which individual differences in FSQ 

Fig. 4  Experiment 3 regression model estimated values of response latency, in milliseconds (ms), for probes in threat cue and non-threat cue 
locations, across the possible range of FSQ scores (spider fear)
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scores predicted Attentional Bias to Negative Cues Index 
scores independently of FBQ scores. The regression analysis 
revealed a significant effect, b = −0.54, t = −3.36, p = .001, r2 
= .096. This indicated that level of spider fear was associated 
with a difference-score that indexed biased attention to cues 
signalling spider pictures.

Thus, these results indicated that the measurement of 
selective attention to negative cues exhibited a high degree 
of internal reliability, and that heightened spider fear was 
associated with greater selective attention away from cues 
signalling negative information.

Discussion

The aim of the present study was to determine whether biases 
in attentional responding to cues signalling the imminent loca-
tion of negative information are related to anxiety vulnerabil-
ity, and whether such biases can be measured with acceptable 
reliability. To do so, the study used anxiety vulnerability as an 
exemplar emotional vulnerability and examined whether anxi-
ety vulnerability was associated with attentional responding to 
signals of negative information, and whether an index of the 
attentional bias for cues signalling negative information was 
assessed with satisfactory measurement reliability.

Results revealed wide-ranging individual variation in pat-
terns of attentional preference for cues signalling emotional 
information. This suggests that attentional responding to 
cues signalling emotional information varies across indi-
viduals. Results also revealed that the method could meas-
ure this process with an acceptable to high level of internal 
reliability. This indicates that the method holds acceptable 
psychometric qualities for research that would explore the 
relationship between emotional vulnerability and attention 
to signals of emotional information.

The study also found links between attentional responses 
to cues signalling negative information and individual dif-
ferences in state and trait anxiety, social anxiety, and spi-
der fear. These associations varied across different anxiety 
domains. In Experiment 1, under moderate or high levels of 
state anxiety, individuals with greater trait anxiety showed 
more attentional avoidance of cues indicating negative 
scenes compared to non-negative scenes. Experiment 2 
showed that individuals with higher levels of social anxiety 
allocated greater attention towards cues signalling the loca-
tion of angry faces, as compared to neutral faces. In Experi-
ment 3, individuals with a greater fear of spiders showed 
greater attentional avoidance of cues signalling the location 
of spiders, as compared to butterflies.

The present findings indicate that the present task can 
yield an appropriately reliable measure of biased attention 
to cues signalling negative information. A clear question 
then is why the measurement of attentional biases to stimuli 

that signal negative information appear to be more reliable 
than attentional biases to negative information itself. While 
yet untested, there are plausible explanations. For example, 
when assessing attention to emotional stimuli, both emo-
tional effects but also extraneous stimulus attributes, such as 
complexity, colour, ease of valence recognition, or arousal, 
and extraneous between-participant effects such as speed at 
which emotional content is processed, each influence the 
degree to which attentional biases are expressed. This adds 
to measurement error and so undermines the reliability of 
the effect of interest. In contrast, the task used herein elimi-
nates these sources of measurement error.

Another relevant query is whether biased attentional 
responding to signals of emotional information and to 
emotional information itself are driven by the same mecha-
nisms. Interestingly, Experiment 1 found an anxiety-linked 
avoidance of negative cues, which contrasts with the com-
monly reported pattern of anxiety-linked attention towards 
negative information (Bar-Haim et al., 2007). Experiment 
2 produced results consistent with typical patterns of social 
anxiety-linked attentional responses to socially negative 
information (Bantin et al., 2016). Experiment 3, however, 
contradicted research showing attentional vigilance for 
spider stimuli (Lipp & Derakshan, 2005), but agreed with 
studies demonstrating fear-linked attentional avoidance of 
spider stimuli (Hermans et al., 1999; Pflugshaupt et al., 
2005, 2007). However, while in the present study patterns 
of attention sometimes diverged from research investigating 
attention to emotional information itself, some evidence sug-
gests that these processes might be related. Gladwin et al. 
(2019) had participants complete a task designed to manipu-
late attention towards, or away from, cues signalling negative 
information and subsequently observed a difference in how 
the groups responded to negative information that aligned 
with the manipulation. Such findings suggest that common 
mechanisms might govern attentional responses to emotional 
information and information that signals them. Interestingly, 
if these processes are related, then attentional responses to 
cued stimuli could offer a more reliable method for inves-
tigating the relationship between attentional processing of 
emotional information and emotional vulnerabilities.

If research reveals attention to signals of emotional infor-
mation to be unrelated to attention to emotional information 
itself, then this would open the door to research that inde-
pendently considers these processes when testing theories of 
negative emotion vulnerability. For example, theorists have 
proposed that individuals with depression are characterised 
by a cognitive system that is motivated to avoid positive 
information (Winer & Salem, 2016). While data from atten-
tional-probe tasks have revealed evidence consistent with 
this proposal as shown by reduced attentional preference 
for positive information, such findings could arise from a 
motivation to avoid positive information or from reduced 
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salience or recognition of positive information. By evaluat-
ing attention to cues signalling imminent positive informa-
tion, researchers could discriminate these possibilities. If 
depressed individuals show avoidance of signals of positive 
information, this will provide evidence consistent with the 
explanation that the cognitive system is motivated to avoid 
positive information, rather than impaired in processing it.

Another avenue for research could be to determine the 
impact of manipulating attention to signals of emotional 
information upon emotional vulnerability. Many studies 
have investigated whether the manipulation of attentional 
responding to emotional information itself impacts state 
emotion and emotional vulnerability, and positive findings 
in this field have prompted researchers to try to translate 
these methods for therapeutic aims (Basanovic et al., 2020; 
Browning et al., 2012; Clarke et al., 2014; Grafton et al., 
2017; Hallion & Ruscio, 2011; MacLeod & Clarke, 2015; 
Todd et al., 2016; Wiers et al., 2015). If manipulation of 
attention to cues signalling emotional information is found 
to influence emotional vulnerability, this would reveal a 
novel approach to reducing negative emotional vulnerability.

When considering the present findings, it is important 
to note that the procedures used in each experiment assess 
attentional deployment amongst stimulus cues only at 500 
ms following their onset. Therefore, the current task param-
eters cannot show how attentional responses to emotional 
cues change at earlier or later times. Some studies sug-
gest that patterns of attentional responding to cues signal-
ling emotional information do not vary within individuals 
between 200 ms and 1000 ms after stimulus onset (Gladwin 
et al., 2019). However, it is unknown whether the association 
between attentional processes and emotional vulnerability is 
consistent over time.

For the moment, however, the present study has deter-
mined that biases in attentional responding to cues signal-
ling negative information are related to anxiety vulnerability 
across three anxiety domains, and that such biases can be 
measured with acceptable reliability. It is hoped that these 
findings will provide new opportunities for understanding the 
relationship between emotional vulnerability and attention.
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