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Abstract

People vary in the frequency with which they worry and there is large variation in the degree
to which this worry disrupts their everyday functioning. Heightened tendency to experience
disruptive worry is characterised by an attentional bias towards threat. While this attentional
bias is often considered maladaptive, it can be adaptive when it concerns threat cues signal-
ling dangers that can be mitigated through personal action. In this case, the resulting worry
may increase the likelihood of this action being taken, with beneficial rather than disruptive
consequences for everyday functioning. Thus, depending on its focus, attentional bias to
threat could potentially drive worry that is high or low in disruptiveness. The current study
addressed this possibility, by testing the novel hypothesis that the degree to which worry is
disruptive is a function of the degree to which this attentional bias concerns all threat cues,
rather than being restricted to threat cues signalling controllable dangers. Participants com-
pleted a novel probe task assessing their attention to threat cues signalling a future danger
that could be controlled on some blocks, but not on others. Thus, the task revealed the
degree to which their selective attention to threat cues was ‘aligned’ with danger controlla-
bility, by being more evident on blocks that permitted participant control of the danger sig-
nalled by the threat cues. The results indicate, contradicting the hypothesis under test,
participants who reported high levels of disruptive worry demonstrated alignment of atten-
tional bias to variations in danger controllability, whereas this was not the case for partici-
pants who reported high levels of non-disruptive worry. While caution is needed in the
interpretation of the results due to methodological limitations, this study provides a new con-
ceptual and methodological framework for future research on the attentional basis of individ-
ual differences in the tendency to experience disruptive vs non-disruptive worry.

Introduction

Most of us strive to attain emotional well-being and to successfully achieve personal objectives
(i.e. situational well-being; [1, 2]). However, worry can impact on these goals. Worry involves
the mental preoccupation with the aversive implications of a potential future negative event,
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the probability of the event occurring and the factors that may influence such probability [3].
A heightened disposition to worry excessively is associated with an increased risk of develop-
ing clinical anxiety disorders [3, 4] and impaired functioning in social, occupational and aca-
demic settings [5]. Therefore, such worry can have a negative impact on emotional well-being
[6].

However, worry can also yield benefits as it can operate as a “mental problem-solving activ-
ity designed to prevent the occurrence of traumatic future events” [7]. As such, a heightened
disposition to worry may at times benefit situational well-being and thus have utility, despite it
having a negative impact on emotional well-being.

People vary not only in the degree to which they find their worry to have utility, but also in
the degree to which their worry disrupts everyday functioning. Indeed, research has shown
that some individuals who experience a high frequency of worry show little evidence that such
worry disrupts their everyday functioning, and due to this lack of disruption, such individuals
fail to meet criteria for a diagnosis of Generalised Anxiety Disorder [8, 9]. The degree to which
this worry disrupts everyday functioning may be related to the controllability of the future neg-
ative events people worry about. If an individual worries about a controllable future negative
event, worry may be experienced as having utility to situational well-being [10, 11], and this
may be perceived to outweigh the costs worry has on emotional well-being. If this is the case, it
is reasonable to assume this worry regarding controllable future negative events will be subjec-
tively appraised as being non-disruptive to one’s work, home upkeep and social functioning
(i.e., everyday functioning). This is supported by Brandtstadter & Rothermund’s Dual Process
Model [12] which suggests that if an individual has control over an outcome, and is able to
invest intentional cognitive and behavioural efforts to modify this outcome, this can lead to
the attainment of their goal and thus, improve situational well-being.

In contrast, if worry is experienced as detrimental to one’s emotional well-being and has no
utility in benefiting situational well-being because the future negative event the individual is
worrying about is out of their control [11, 13, 14], it is reasonable to assume that this worry
will be subjectively appraised as being disruptive to one’s everyday functioning. This is sup-
ported by previous research that has found some individuals who experience a high worry fre-
quency, and meet criteria for a diagnosis of Generalised Anxiety Disorder as such worry
disrupts everyday functioning, report frequently worrying about uncontrollable future nega-
tive events [13]. Research has also found that worry regarding uncontrollable future negative
events comes at a cost to other resources, and the pursuit of other goals including home man-
agement, social activities and work activities, and therefore, does not benefit situational well-
being [5]. Research has also shown that disruptive worry leads to more negative outcomes as
compared to non-disruptive worry [9, 15], including a vulnerability to Generalised Anxiety
Disorder [16], which is costly to not only an individual but also society [5, 17]. As such, it is
important to understand the mechanisms differentiating these two types of worry. Thus, the
current study aims to examine the underlying attentional mechanisms which may differentiate
those who experience worry as disruptive, from those who experience worry as non-
disruptive.

Worry and attentional bias

According to the Cognitive Model of Pathological Worry, attentional processes are implicated
in individual differences in the tendency to experience worry [18]. Specifically, the model pro-
poses that worry is a function of both top-down (i.e. strategic) processes such as attentional
control, and bottom-up (i.e. automatic) processing biases in attention. Previous research has
provided support for this model, showing that individuals characterised by a heightened
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tendency to worry display an attentional bias towards threat [19-21]. This attentional bias
reflects increased selective attention to threatening information, compared to benign informa-
tion in the environment [22]. Studies have demonstrated that individuals who more frequently
experience worry, whether this worry is disruptive to everyday functioning (e.g., individuals
diagnosed with Generalised Anxiety Disorder), or whether this worry is non-disruptive to
everyday functioning, display an elevated attentional bias to threat [23-26]. Research has also
established that an attentional bias to threat causally contributes to dispositional worry ([24,
271, see [28] for evidence of a bidirectional relationship).

While such research has established that a higher frequency of worry is associated with a
heightened attentional bias to threat, it does not illuminate the possibility as to why in some
people this bias to threat cues leads to disruptive worry, whereas in others it leads to non-dis-
ruptive worry. Recent theories suggest that worry may be characterised not by a stable atten-
tional bias, but rather by biases that fluctuate across time, context, and threat stimuli [29-31].
Thus, one intriguing potential explanation is that this distinction between those who experi-
ence worry as disruptive, from those who experience worry as non-disruptive to everyday
functioning, may reflect a difference in the flexible allocation of attention to particular types of
threat cues. The current study aims to test whether this is the case.

Several theories suggest that an attentional bias to threat can have an adaptive function, as it
allows an organism to prepare for and avoid upcoming dangers [32, 33]. As the ability to fulfil
this adaptive function requires the upcoming danger to be controllable, optimal functioning
requires increased attentional allocation to threats signalling more controllable dangers and
decreased attentional allocation to threats signalling less controllable danger. This pattern of
attention allocation is referred to as attentional bias alignment [31]. Several studies have now
demonstrated that individuals in general indeed flexibly align their attentional bias to such var-
iation in danger controllability, to show a greater attentional bias to threats signalling more
controllable dangers relative to threats signalling less controllable dangers [31, 34]. In the cur-
rent study, we propose that a decreased ability to show such attentional bias alignment contrib-
utes to experiencing disruptive worry in particular.

According to Attentional Control Theory [35], worry and attentional processes make use of
the same, limited capacity cognitive resources. Increased worry is therefore associated with a
heightened reliance on bottom-up attentional processes and a reduced influence of top-down
processes, and hence an increased attentional bias to threat. However, the theory also posits
that this trade-off between worry and top-down attentional control can be overcome if addi-
tional cognitive resources can be recruited [35]. As such, when an individual has sufficient cog-
nitive resources, they should be able to recruit attentional control processes to align their
attentional bias with variations in danger controllability. As these individuals will only show
an attentional bias to threat cues signalling dangers that can be controlled through personal
action, the type of worry that increases the prospect of taking action to mitigate the danger will
be activated. This can then reduce or eliminate the danger, which would be beneficial to situa-
tional well-being [33], and thus, this worry can be experienced as non-disruptive to everyday
functioning. In contrast, when individuals have insufficient cognitive resources to recruit
attentional control processes to align their attentional bias to variation in danger controlla-
bility, they will attend to threat cues whether or not these signal a controllable danger. The
increased attentional bias to threat cues signalling an uncontrollable danger will increase
worry without improving situational well-being, leading to worry that is experienced as dis-
ruptive. Specifically, the investment of time, energy, and cognitive effort in the worry process
will not only be subjectively aversive and functionally futile, but will come at the cost of inter-
fering with the pursuit of other goals [18, 36], plausibly resulting in worry that disrupts every-
day functioning.
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In the present study, we thus propose that the mechanism that differentiates those who
experience worry that has utility and is therefore subjectively experienced as non-disruptive to
everyday functioning, from those who experience worry that has no utility and is therefore
subjectively experienced as being disruptive, may be such impaired alignment of attentional
bias to variations in danger controllability. In addition to Attentional Control Theory [35], sev-
eral other theoretical models were drawn upon in the formulation of this hypothesis. The pro-
posal that those who experience the type of worry that is most disruptive to situational well-
being will show reduced flexibility in their attentional bias is supported by Clark & Beck’s Cog-
nitive Model of Anxiety [14], which suggests that heightened emotional dysfunction is associ-
ated with impaired flexibility in the processing of potential threats. Moreover, the association
between attention to threat cues signalling controllable dangers and non-disruptive worry is
supported by Brandtstadter & Rothermund’s Dual Process Model [12], which is built on
Brandtstadter & Renner’s Theory of Assimilative and Accommodative Processes [37]. These
models posit that allocation of attentional resources to goals that can be attained leads to the
adaptive attainment of the goal [12]. In contrast, sustained cognitive engagement with goals
that cannot be attained, because they are out of the individuals’ control is dysfunctional, and
comes at a considerable cost to other goals, as cognitive resources are exhausted [12]. This may
subsequently lead to further psychological distress [12, 38].

Current study aims and hypotheses

The aim of the current study was to test the novel hypothesis that, while individual differences
in the frequency with which individuals experience worry is a function of the magnitude of
attentional bias to threat cues, the degree to which worry is experienced as disruptive is a func-
tion of the degree to which there is impaired alignment between attentional bias to threat cues,
and the controllability of the danger signalled by these threat cues. Testing this hypothesis will
advance our understanding of the attentional processes underpinning disruptive worry and
may inform the development of intervention approaches designed to specifically target the
cognitive underpinnings of disruptive worry.

To empirically test the validity of the predictions generated by this alignment hypothesis,
the current study compared three groups of participants on an Attentional Bias Alignment
Assessment Task. One group of participants reported having low worry frequency (Low
Worry group), one group reported having high worry frequency that impacted emotional
well-being but was not disruptive to situational well-being or everyday functioning (High
Worry-Non-Disruptive group), and one group reported having high worry frequency that
impacted emotional well-being and was experienced as being disruptive to situational well-
being or everyday functioning (High Worry-Disruptive group).

All participants completed an Attentional Bias Alignment Assessment Task, designed to
reveal the degree to which they exhibited an attentional bias to threat that was aligned with the
degree to which they could control the danger signalled by these threat cues. This task was a
novel adaption of the dot probe approach, within which threat cues always signal a future dan-
ger, and in some blocks of trials (Control Possible blocks), but not in others (Control Not Pos-
sible blocks), participants have the ability to control this danger by performing an adaptive
action [31]. Participants’ attentional bias to threat cues is revealed by the degree to which they
were relatively speeded to discriminate the identity of probes that appeared in the locus of
threat cues, compared to those that appeared in the locus of reward cues [22]. A measure of
alignment of attentional bias was then computed for each participant, reflecting the degree to
which such attentional bias to threat cues was relatively greater in Control Possible blocks,
than in Control Not Possible blocks.
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If heightened worry frequency is associated with greater attention to threat, then partici-
pants in both the High Worry-Disruptive and High Worry-Non-Disruptive group will display
a greater attentional bias to threat cues overall, in comparison to the participants in the Low
Worry group. However, the alignment hypothesis under test predicts that participants in the
High Worry-Disruptive group will be characterised by greater impaired alignment of atten-
tional bias to threat cues with variations in danger controllability, than will be the case for par-
ticipants in the High Worry-Non-Disruptive group or in the Low Worry group.

Method
Participants

To obtain three groups of participants characterized by differences in worry frequency and
worry-related disruption, candidate participants from the University of Western Australia’s
School of Psychological Science’s undergraduate participant pool completed the GAD-7 ques-
tionnaire to assess worry frequency and the associated negative impact worry has on emotional
well-being [39], and an additional question designed to assess the degree to which worry dis-
rupts everyday functioning (worry-related disruption, i.e. situational well-being), as described
in the Materials section. The Low Worry group was recruited from the candidate participants
who scored low on worry frequency (GAD-7 score < 4). The High Worry-Non-Disruptive
group was recruited from the candidate participants who scored high on worry frequency
(GAD-7 score > 10) and low on worry-related disruption (worry-related disruption score
<2). The High Worry-Disruptive group was recruited from the candidate participants who
scored high on worry frequency (GAD-7 score > 10) and high on worry-related disruption
(worry-related disruption score = 3). As the study involved coloured visual stimuli and audi-
tory stimuli, participants were required to have normal or corrected to normal vision, no col-
our blindness, or hearing problems.

A power analysis was conducted using G*Power 3 [40], based on previous research on
worry-linked attentional bias, in which a medium-sized effect was observed [25]. To achieve
sufficient power to detect a medium effect size (f = .25) with 90% probability (and a conserva-
tively small .2 correction between repeated measures), a sample size of 87 is required.

As such, to account for potential loss of data, ninety-two students participated in the cur-
rent study in exchange for partial course credit, including 62 females and 29 males (1 partici-
pant did not provide gender or age information), with a mean age of 19.32 (SD = 3.82).
Participants gave written informed consent and had the option to terminate the experiment at
any time.

Materials

Worry frequency. The Generalised Anxiety Disorder- 7 (GAD-7) questionnaire [39] was
used to assess participants’ worry frequency and its associated negative impact on emotional
well-being. Scores on this 7-item self-report questionnaire measure range from 0 to 21, with
higher scores indicating higher frequency of worry. Individuals who score less than 4 on the
GAD-7 have been found to experience minimal levels of worry, and individuals who score
greater than 10 on the GAD-7 have been found to experience high levels of worry [39]. The
GAD-7 is commonly used to measure worry with well-established internal consistency and
test-retest reliability [39, 41]. The GAD-7 also has high convergent validity with the Penn State
Worry Questionnaire [42]. In the current study, Cronbach’s alpha was 0.90.

Worry-related disruption. An additional question was used to assess the degree to which
worry disrupts everyday functioning (i.e. the impact worry has on situational well-being) [39].
This question asked, ‘If you checked off any problems (in the GAD-7), how difficult have these
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Fig 1. The shape stimuli presented in the Attentional Bias Alignment Assessment Task.
https://doi.org/10.1371/journal.pone.0251350.9001

made it for you to do your work, take care of things at home, or get along with other people?’. Par-
ticipants were asked to answer the question on a 4-point Likert scale, ranging from 0 ‘Not diffi-
cult at all’ to 3 ‘Extremely difficult’, with higher scores indicating greater worry-related
disruption [39]. A score of 2 or less indicates the individual experiences no difficulty to mild
difficulties in functioning at work, home and/or socially, due to their worry. Whereas, a score
of 3 indicates the individual experience extreme difficulties in functioning at work, home and/
or socially due to their worry [39].

Shape stimuli. The visual stimuli used in the Attentional Bias Alignment Assessment
Task were 3 sets of 5 different 3cm x 3cm images, each representing variants of the same geo-
metric shape. One set contained 5 variants of a circle, one contained 5 variants of a square, and
one contained 5 variants of a diamond shape stimuli. Within each set, one shape variant was
the complete shape, with no opening in its border outline. The other 4 variants each had an
opening in its border outline, which could be an opening on the left side, top, right side, and
bottom of the stimuli. Thus, within the circle set, one was a complete shape, whereas the
remaining four circles respectively had an opening on the left side, top, right side, and bottom.
Within the square set, one was a complete square, whereas the remaining four squares respec-
tively had an opening on the left side, top, right side and bottom. Within the diamond set, one
was a complete diamond, whereas the remaining four diamonds respectively had an opening
on the left side, top, right side, and bottom. Fig 1 conveys this full set of 15 stimuli.

White noise burst. The threat cue used in Attentional Bias Alignment Assessment Task
was a shape that signalled a future danger, specifically, a loud noise burst coupled with mone-
tary loss (15 cents) at the end of the trial. The noise burst was a 95-decibel presentation of
white noise for a duration of 500ms. Noise bursts delivered for this duration and at this inten-
sity are not physiologically harmful [43], but are subjectively aversive, and previous studies
have found evidence of attentional bias towards stimuli that predict such noise bursts [31, 44].

Apparatus. The ABAAT was delivered via LG Flatron E2242 27cm x 47cm, computer
monitors. The computer was equipped with a standard mouse and keyboard for input of
responses. The noise burst stimuli were presented through Logitech z130 speakers and Altec
Lansin Speakers, tested to administer the noise burst at 95 decibels. The ABAAT was pro-
grammed and presented using the E-Prime 2.0 Software package [45].

Attentional Bias Alignment Assessment Task (ABAAT)

To examine individual differences in the degree to which attentional bias to threat cues was
aligned with variation in the degree to which the danger predicted by the threat cues could be
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controlled by adaptive action, a new probe-based Attentional Bias Alignment Assessment
Task (ABAAT) was developed. This task represents a novel extension of the well-established
dot-probe assessment approach [22]. For each participant, one of the three shape stimuli (i.e.,
circle, diamond and square) was assigned to each of the three following categories: reward cue,
threat cue and neutral cue (counterbalanced across participants). Within the task, the reward
cue signalled the opportunity to gain 5 cents, while the threat cue signalled a 50% chance of the
danger occurring (i.e., hearing the 95dB noise burst and losing 15 cents). The neutral cue sig-
nalled neither reward nor danger.

On each trial, two shapes were simultaneously presented for 500ms, one to the left and one
to the right of the screen centre. The task was designed such that participants could pursue the
goal of gaining money on every trial, although on some trials the presence of a threat cue
threatened this goal. As such, in each pair of stimuli, one of the presented shapes was always
the reward cue, while the other was either the neutral cue or the threat cue. Trials in which the
reward-threat pair were presented were critical in the assessment of participants’ attentional
bias towards threat cues relative to reward cues. Trials presenting reward-neutral pairs were
included to ensure that threat cues were not consistently presented, thereby ensuring that the
presence of the threat cue had predictive value in signalling the future aversive experience of
monetary loss and the presentation of the noise burst [31, 46].

Following the presentation of the shape pair, a small probe stimulus was presented in the
former location of one of the shape stimuli, and participants were required to swiftly discrimi-
nate its identity, and indicate this by quickly pressing one of two response buttons. The distri-
bution of attention between the two stimuli in presented pairs was inferred from the relative
latency to discriminate the identity of the probes presented in the former location of each of
the two shape stimuli [22, 47]. On trials that presented a reward and a threat cue, an index of
attentional bias to threat was provided by computing the degree to which probes subsequently
presented in the location of the threat cue were discriminated faster than probes subsequently
presented in the location of the reward cue [22, 47].

The task was configured such that attention to the threat cue would be helpful to the goal of
earning money in some blocks, however, would interfere with this goal in other blocks. As
such, two types of trial blocks were presented that differed in whether or not the danger pre-
dicted by the threat cues could be controlled by the participant. This enabled assessment of the
degree to which attentional bias to threat was aligned with variations in the controllability of
danger. In one type of block (Control Possible blocks) participants were informed that they
could eliminate the probability of the danger signalled by the threat cue, by quickly indicating
at the end of the trial the location of the opening in the threat cue presented (left, top, right or
bottom). In the other type of block (Control Not Possible blocks), participants were informed
that they could not control the danger signalled by the threat cues. This danger controllability
manipulation provided a measure of alignment of attentional bias to variations in danger con-
trollability. Specifically, alignment of attentional bias would be displayed if participants exhibit
a greater attentional bias to threat in Control Possible blocks, than in Control Not Possible
blocks.

The detailed nature of each individual trial, summarized in Fig 2, was as follows. On every
trial, the shape pair was shown in black, on a grey background, with the centres of the pair sti-
muli separated by 9cms. The shape pair was presented for 500ms. The two complete shapes
were shown for the first 100ms, before these were each replaced by one of the four versions of
this same shape with an opening in one of its four sides for the remaining 400ms. Following,
the screen was cleared, and a small probe appeared in the former location of either shape sti-
muli for 100ms. Each probe was a pair of dots, oriented either horizontally (..) or vertically (:)
with equal probability, presented in black Calibri script point size 16 on the grey screen
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Fig 2. Example trials from the Attentional Bias Alignment Assessment Task.
https://doi.org/10.1371/journal.pone.0251350.9002

background. On half of the trials in each block, this probe appeared in the location previously
occupied by the reward cue, and on the other half of these trials the probe appeared in the loca-
tion previously occupied by the other cue, with location of the probe randomized across trials.
Participants were required to accurately identify the probe orientation and indicate this as
quickly as possible by using their dominant hand to press ‘1’ on the keyboard if the probe was
two dots oriented vertically (:), or 2’ on the keyboard if the probe was two dots oriented hori-
zontally (..). The accuracy and latency of participants’ responses were recorded on each trial.

After participants completed the probe discrimination response, irrespective of the accu-
racy of response, the screen displayed all four variants of the two shapes shown earlier in that
trial, each with an opening in one of their sides. The participant was required to click on only
one of these shapes. If the participant clicked on the version of the reward cue that had been
shown earlier on this trial (i.e., the version with the opening in the same location), then they
earned 5 cents. If this reward cue had been paired with the neutral cue in the initially presented
shape pair, and the participants clicked on any variant of this neutral cue, when this later
screen of 8 stimuli were presented, then this had no consequence. However, if the reward cue
had been paired with the threat cue in the initially presented pair, and the participants clicked
on the version of the threat cue that had been shown earlier on this trial (i.e., the version with
the opening in the same location), then the consequence depended upon whether or not the
trial was within a Control Possible block, or a Control Not Possible block. In both block types,
when a threat cue had been presented in a trial, then at the point when the participant clicked
only one of the 8 final shapes there was a 50% possibility that the noise burst would be deliv-
ered, and the participant would lose 15 cents. On Control Not Possible blocks this probability
was unaffected by whichever shape variant the participant selected within the final set of 8
shapes. On Control Possible blocks, however, the possibility of the danger occurring was
reduced to zero if the participant selected the shape variant corresponding to the threat cue
that had been presented in the initial shape pair, when given the final set of 8 shapes.
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Thus, in Control Possible blocks, correctly identifying the opening in the threat cue enabled
participants to successfully avoid the danger (15-cent monetary loss and noise burst) and
therefore, the benefits of which outweighed the monetary reward (5-cents) that could have
been gained by instead correctly identifying the opening in the reward cue. In contrast, in
Control Not Possible blocks, correctly identifying the opening of the threat cue meant forego-
ing the 5-cents that would have been gained by instead correctly identifying the opening in the
reward cue, without serving to reduce the danger signalled by the threat cue. As such, although
the presence of the threat cue consistently predicted the danger, correctly identifying the open-
ing in the reward cue in Control Not Possible blocks gained the participant 5-cents, and thus
reduced the magnitude of the 15-cent monetary loss signalled by the threat cue (total loss of
10-cents).

The screen was cleared when participants selected one of the 8 shapes, and the trial ended
with a screen showing whether participants had gained money (e.g., “+5”), had lost money
(e.g., “-15”), and/or had avoided the danger (e.g. “Noise burst avoided and +07). After a
1000ms inter-trial-interval, the next trial then commenced. Participants completed four blocks
of 64 trials (32 containing reward-threat pairs and 32 containing reward-neutral pairs), two
delivered in Control Possible condition and two delivered in the Control Not Possible condi-
tion, with the order of these two conditions alternating across blocks, and with the starting
condition counterbalanced across participants. Prior to the beginning of each block, partici-
pants were explicitly informed whether the block was a Control Possible block or a Control
Not Possible block. Following completion of each block, participants were notified of how
much money they had earned in that block.

For each participant, an index of attentional bias to threat was first computed for each of
these two block types, using those trials in which the threat cue had been presented. This index
of attentional bias to threat was calculated by subtracting the identification latency for probes
presented in the former location of the threat cue, from the identification latency for probes
presented in the former location of the reward cue. Higher scores on this index reflected rela-
tive speeding to identify probes in the location of the threat cues compared to probes in the
location of reward cues, and thus, indicated greater attentional bias to threat.

The degree to which participants exhibited alignment of attentional bias to threat with vari-
ations in danger controllability, will be revealed by the degree to which the above-described
index of attentional bias to threat is elevated in Control Possible blocks, relative to Control Not
Possible blocks.

Procedure

Participants were tested individually in sound-attenuated cubicles, in a quiet laboratory set-
ting. Participants first provided demographic information and were then provided with the
instructions for the Attentional Bias Alignment Assessment Task. It was also emphasised that
they could earn real money in this task. The task started with a staged practice component.
The first stage consisted of 12 trials and introduced participants to the shape stimuli (without
the gap in one of its sides) and dot probe stimuli. Participants were required to identify the ori-
entation of the probe. Stage 2 consisted of 16 trials and introduced the contingency between
one of the shapes and the reward (rendering this shape the reward cue), and participants were
informed that the correct identification of the opening in this particular shape at the end a trial
would earn them 5 cents per trial. Thus, in this practice stage trials now included the final pre-
sentation of all eight possible shape variants. Stage 3 consisted of 16 trials and introduced the
contingency between one of the shapes and the danger (rendering this shape the threat cue).
During this practice stage, if the threat cue was presented, participants also had a 50% chance
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of losing 15 cents and hearing the noise burst. However, they were informed that if they cor-
rectly identified the reward shape variant on such trials, they still gained 5 cents. Stage 4 con-
sisted of 16 trials and introduced the concept of danger controllability. During this stage,
participants were informed that if they correctly identify the position of the opening of the
shape deemed the threat cue, then they would successfully avoid the danger (i.e., monetary loss
and noise burst). Participants were informed that if they correctly identify the position of the
opening of the shape deemed the reward cue, they will still gain 5 cents per trial but would not
reduce the probability of the danger (i.e., monetary loss and noise burst) when a threat cue had
been presented.

Following the practice trials, participants were notified that in some blocks of the main
task, if they correctly identified the position of the opening of threat cues, they could prevent
the danger (money loss and noise burst) from occurring, whereas on others this would not be
the case. They were advised that they would be told which type of block they were completing
at each stage of the task. Participants then completed the four blocks of the attentional bias
alignment assessment task. Following completion of each block, participants were notified of
how much money they had earned. At the end of the session, the experimenter provided the
total amount earned across the four blocks, and participants were debriefed. The study was
approved by the University of Western Australia’s Human Research Ethics Committee (RA/4/
1/5295).

Results

All subsequent analyses were conducted using IBM SPSS Statistics for Windows, Version 24.0
[48]. The significance threshold was set at an alpha = .05. For all subsequent analyses, guide-
lines for F tests suggest a small effect as 77,” > .02, a medium effect as 17,” > .06 and a large
effect as 17,” > .14 [49]. For t-tests, guidelines suggest a small effect is equal to d > .20, a
medium effect as d > .50 and a large effect as d > .80 [50].

Data preparation

Prior to data analysis, trials in which participants made incorrect probe identification
responses or exhibited outlier identification latencies were removed. Outliers were defined as
probe discrimination latencies that deviated more than 2.5 absolute deviations from an indi-
vidual’s median probe discrimination latency for that trial type (reward-neutral and reward-
threat trials), within each of the four Attentional Bias Alignment Assessment Task blocks sepa-
rately. This resulted in 7.34% of trials being removed from the analyses.

Poor accuracy discriminating the identity of the probes, or identifying the opening of the
shape stimuli, would indicate that participants did not comply with task instructions. Thus, it
was planned to exclude any participants who exhibited less than 70% accuracy on either of
these required decisions [51]. Overall, the probe discrimination accuracy was high (M = .98,
SD = .02) and no participants met this exclusion criterion. However, although accuracy identi-
fying the opening of the shape was also generally high (M = .97, SD = .05), one participant
demonstrated accuracy of only 60.16% and was excluded from the analyses.

The remaining data was subjected to normality testing. Attentional Bias to Threat in Con-
trol Not Possible blocks (M = -58.16, SD = 96.95) identified one participant outlier, with an
interquartile range greater than 3 standard deviations from the median of the sample. This par-
ticipant was excluded from the analyses. Following the data preparation, all variables were nor-
mally distributed with a skew < 2 and kurtosis < 4 [52].
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Table 1. Age, gender distribution, and money earned in the Attentional Bias Alignment Assessment Task (M, SD)
for the three participant groups.

Low Worry High Worry—Non-Disruptive High Worry-Disruptive (N =
(N=32) (N =30) 28)

Age 19.84 (4.79) 18.52 (.99) 19.50 (4.45)

Gender (F/M) 18/14 21/9 21/7

Money earned 402.30 (58.06) 380.00 (87.16) 393.93 (89.35)

(cents)

https://doi.org/10.1371/journal.pone.0251350.t001

Participant characteristics

The final sample (N = 90) consisted of 29 males, 60 females (1 participant did not provide gen-
der information). The sample consisted of participants of Australian (62%), English (8%), Sin-
gaporean (3%), Indian (2%) and other (25%) nationality. Descriptive statistics for age, gender
and money earned in the Attentional Bias Alignment Assessment Task, based on groups, are
presented in Table 1. There were no significant differences between groups on demographic
measures or the amount of money earned, all p > .05.

Analysis of Attentional Bias to Threat Index scores in reward- threat trials

To test the predictions generated by the proposed hypothesis, attentional bias to threat index
scores evidenced by the three participant groups, in each of the two block types were subjected
to a 2 x 3 mixed Design ANOVA (See Fig 3). The within subjects factor was Block Type (Con-
trol Possible vs Control Not Possible) and the between subjects factor was Worry Group (Low
Worry vs High Worry—Non-Disruptive vs High Worry—Disruptive).

Results revealed a significant main effect of Block Type, F(1, 87) = 22.84, p = < .001, njp*> =
.21, reflecting that on average participants evidenced higher attentional bias to threat index
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Fig 3. Attentional Bias to Threat Index scores for each group in control possible and control not possible blocks. Errors bars are standard error bars.

https://doi.org/10.1371/journal.pone.0251350.9003
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scores in Control Possible blocks (M = 9.07, SD = 109.96) than was the case in Control Not
Possible blocks (M = -63.68, SD = 84.13). This finding suggests that averaging across partici-
pants, there was evidence that attentional bias to threat cues was aligned with the controlla-
bility of the dangers signalled by these threat cues. Contrary to our prediction that the two
groups of high worriers would show greater attentional bias to threat than would the low wor-
riers, there was no significant main effect of Worry Group, F (2, 87) = 1.09, p = .34. However,
consistent with the hypothesis’ prediction that attentional bias alignment would differ across
the participant groups, the interaction between Block Type and Worry Group trended towards
significance, F (2, 87) = 2.76, p = .07, np” = .06.

As there was a priori hypothesis regarding the nature of this trending interaction, paired
samples t-tests (two-tailed) were employed to test whether the index of attentional bias to
threat was greater in Control Possible blocks, relative to Control Not Possible blocks, for each
Worry Group (See Fig 3). The participants in the Low Worry group displayed significantly
higher attentional bias to threat scores in Control Possible blocks, than in Control Not Possible
blocks (M = 24.59, SD = 108.40 vs M = -76.78, SD = 88.48; ¢ (31) = 3.97, p < .001, d = 0.70).
Participants in the High Worry—Disruptive group also displayed significantly higher atten-
tional bias to threat scores in Control Possible blocks, than in Control Not Possible blocks
(M =31.73,SD = 100.94 vs M = -61.14, SD = 83.16; t (27) = 3.51, p = .002, d = 0.66). However,
participants in the High Worry-Non-Disruptive group displayed no such difference in atten-
tional bias to threat scores in Control Possible blocks than in Control Not Possible blocks (M
=-28.65,SD =113.26 vs M = -51.19, SD = 80.96; t (29) = .85, p = .40).

To further assess whether there is a difference in attentional bias to threat in Control Not
Possible blocks across the Worry Groups, a One-Way ANOVA was conducted. Results indi-
cated there was no statistically significant difference in the pattern of attentional bias to threat
in Control Not Possible blocks amongst the groups, F (2, 87) =.73, p = .49. A One Sample t-
test (two-tailed) comparing participants’ index of attentional bias to threat in Control Not Pos-
sible blocks (M = -63.38, SD = 84.13) to zero, showed a significant effect, ¢ (89) = 7.15, p <
.001, d = .75, indicating that overall participants displayed an attentional avoidance to threat
cues in Control Not Possible blocks.

To further assess whether there is a difference in attentional bias to threat in Control Possi-
ble blocks across the Worry Groups, a One-Way ANOV A was conducted. Results indicated a
marginal difference in the pattern of attentional bias to threat in Control Possible blocks
amongst the groups, F (2, 89) = 2.79, p = .07, np> = .06. Specifically, participants in the Low
Worry and High Worry-Disruptive groups displayed positive scores (M = 24.60, SD = 108.40,
and M = 31.73, SD = 100.94, respectively), suggesting that such participants displayed greater
attention to the threat cue in Control Possible blocks. In comparison, participants in the High
Worry-Non-Disruptive group displayed negative scores (M = -28.65, SD = 113.26), suggesting
that participants in this group displayed greater attention to the reward cue in Control Possible
blocks.

The addition of Block Order (Control Possible First vs Control Not Possible First) as a fac-
tor to this ANOVA did not produce a significant three-way interaction between Block Type,
Worry Group and Block Order, F(2, 84) = .24, p = .79. This result indicates that the observed
pattern of results is not different between participants who started with a Control Possible vs a
Control Not Possible block. Additional results assessing participants’ response patterns to the
shape identification component of the task are presented in S1 File.

Overall, these results indicate that participants in the High Worry—Non-Disruptive group
displayed impaired alignment of attentional bias with variations in danger controllability, as
they showed greater attention allocation to the reward cue in both block types. In contrast, the
other two groups showed evidence of alignment of attentional bias with variations in danger
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Fig 4. Attentional Bias to Reward Index scores for each group in control possible and control not possible blocks. Errors bars are standard error bars.

https://doi.org/10.1371/journal.pone.0251350.9004

controllability, showing an attentional bias towards the threat cue in Control Possible Blocks,
and greater attention allocation to the reward cue in Control Not Possible blocks.

Attentional Bias to Reward Index scores in reward-neutral trials

Additionally, to explore the pattern of attentional bias to reward cues on reward-neutral trials,
an Attentional Bias to Reward Index score was calculated. This Attentional Bias to Reward
Index was calculated for reward-neutral trials in each block type, by subtracting the identifica-
tion latency for probes in the former location of the reward cue, from the identification latency
for probes presented in the former location of the neutral cue. Higher scores indicate a greater
attentional bias to reward cues.

To assess participants’ pattern of attention in reward-neutral trials, the Attentional Bias to
Reward Index scores evidenced by the three participant groups, in each of the two block types
were subjected to a 2 x 3 mixed design ANOVA, using the same approach used previously (See
Fig 4). Results revealed a significant main effect of Block Type, F(1, 87) = 7.40, p = .008, njp” =
.08, reflecting that on average participants evidenced higher Attentional Bias to Reward Index
scores in Control Not Possible blocks (M = 86.09, SD = 88.08), than was the case in Control
Possible blocks (M = 56.22, SD = 75.42). There was no significant main effect of Worry Group,
F(2,87)=1.80, p = .17. The interaction between Block Type and Worry Group was significant,
F(2,87) =4.47,p=.01,np" =.09.

To illuminate the nature of this interaction, paired samples t-tests (two-tailed) were
employed to test whether the index of attentional bias to reward was greater in Control Not
Possible blocks, relative to Control Possible blocks, for each Worry Group (See Fig 4). The par-
ticipants in the Low Worry group displayed no significant differences in attentional bias to
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reward in Control Not Possible blocks, than in Control Possible blocks (M = 65.94, SD = 74.34
vs M =45.04, SD = 76.51; t (31) = 1.12, p = 27). Participants in the High Worry—Disruptive
group also displayed no significant differences in attentional bias to reward in Control Not
Possible blocks, than in Control Possible blocks (M = 71.39, SD =92.15vs M = 77.11,

SD =71.79; t (27) = .28, p = .78). However, participants in the High Worry-Non-Disruptive
group displayed a significantly higher attentional bias to reward in Control Not Possible
blocks, than in Control Possible blocks (M = 121.31, SD = 89.76 vs M = 48.64, SD = 76.06; t
(29) =4.42,p < .001, d = -.81).

A series of One Sample t-tests (two-tailed) comparing participants’ Attentional Bias to
Reward Index scores in Control Possible and Control Not Possible blocks to zero, for the Low
Worry, High Worry—Non-Disruptive and High Worry-Disruptive groups, showed signifi-
cant effects (all p < .001). This indicates that participants attended to the reward cue in both
the Control Possible and Control Not Possible blocks.

The addition of Block Order as a factor to this ANOVA did not produce a significant three-
way interaction between Block Type, Worry Group and Block Order, F(2, 84) = .94, p = .39.

Overall, these results indicate that participants in the Low Worry, High Worry-Non-Dis-
ruptive and High Worry-Disruptive groups all displayed an attentional bias to reward, in both
Control Possible and Control Not Possible blocks, in reward-neutral trials. However, the High
Worry-Non-Disruptive group displayed a significantly higher attentional bias to reward in
Control Not Possible blocks, than in Control Possible blocks.

Discussion

The aim of the current study was to test the hypothesis that while elevated worry frequency is a
function of the greater attentional bias to threat cues, the degree to which worry is experienced
as disruptive reflects differences in alignment between attentional bias to threat cues and the
controllability of the danger signalled by these threat cues. Testing this hypothesis was impor-
tant to advance the understanding of the cognitive processes differentiating disruptive from
non-disruptive worry. Results did not support the predictions generated by this hypothesis;
however, the observed findings generate a range of questions which are important to address
in future research.

We found no evidence that participants in the two groups characterised by elevated worry
frequency (i.e., High Worry-Disruptive and High Worry-Non-Disruptive groups) exhibited
greater attentional bias to threat cues, than participants in the Low Worry group. This is incon-
sistent with previous research, which have reported an association between worry frequency
and attentional bias to threat [19-21]. Differences in the methodological approaches used in
the current study, in comparison to previous studies may account for this discrepancy. Firstly,
this discrepancy could be attributed to the type of threat cue stimulus used. Specifically, in the
current study the threat cue stimulus that was presented was non-aversive and predicted an
upcoming aversive danger. However, previous research assessing worry-linked attentional bias
have used threat cue stimuli that has been deemed aversive [53], including threatening IAPs
images [54] and threatening words [22]. Thus, it is possible that the association between worry
and attentional bias to threat is restricted to aversive stimuli that may be more directly relevant
to an individual’s current worries. Secondly, this discrepancy could be attributed to the pairing
of threat cues with reward cues in the current paradigm, in contrast to previous studies in
which the benign stimuli paired with threat has no functional value to participants [19-21]. In
the current paradigm, attending to the reward cue permits the participant to earn money. This
was important as the presence of this reward cue rendered attentional allocation to the threat
cue in the Control Not Possible blocks objectively maladaptive. However, by encouraging
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attentional processing of the reward, this may have attenuated more subtle individual differ-
ences in attentional responding to the threat cue.

The current study also found no support for the hypothesis; however, the results indicated
that participants in the Low Worry and High Worry-Disruptive group both displayed atten-
tional bias alignment. This demonstrates an adaptive pattern of attention allocation, as partici-
pants displayed greater attention allocation to the threat cue when it was beneficial to attend to
threat, and greater attention allocation to the reward cue when it was not beneficial to attend
to the threat cue. This provides support for the Dual Process Model [12] and Brandtstadter &
Renner’s (1990) Theory of Assimilative and Accommodative Processes stating that the alloca-
tion of resources to goals that can be attained will be beneficial to the individual, whereas, sus-
tained engagement with goals that cannot be attained can be detrimental to the individual.
However, the finding that high disruptive worry is not associated with impaired attentional
bias alignment is inconsistent with Attentional Control Theory that predicts heightened worry
is associated with reduced top-down (i.e. strategic) attentional control [35].

In contrast, participants who reported that their frequent worry was non-disruptive
appeared to exhibit impaired alignment of attentional bias to variations in danger controlla-
bility. Of course, caution is warranted by the marginal nature of the difference in attentional
patterns between worry groups, and as the group differences in worry frequency and worry-
related disruption have not been confirmed at the time of testing. However, participants in the
High Worry-Non-Disruptive group seemed to display no significant differences in attentional
bias to threat cues across conditions, and, instead seemed to display greater attention alloca-
tion to the reward cue in both the Control Possible and Control Not Possible blocks. This
attention allocation to reward demonstrates a maladaptive pattern of attention allocation, as in
the current study it is objectively more adaptive to attend to the threat cue when it was possible
to avoid the noise burst and monetary loss of 15 cents, rather than attending to the reward to
gain 5 cents. However, as displaying an attentional bias to threat may negatively impact emo-
tional well-being, it may be the case that this group of participants would rather pursue the
strategy of attending to the reward to sustain emotional well-being. Indeed, some research has
shown that gaining a reward is more salient than avoiding a loss for some individuals [55]. It
remains to be investigated whether some individuals simply attend to reward stimuli at all
costs.

All participants displayed an attentional bias to reward in reward-neutral trials. In contrast
in reward-threat trials, participants in the Low Worry and High Worry-Disruptive groups dis-
played an attentional bias to threat in Control Possible blocks. This indicates that these partici-
pants were able to alter their attentional strategy across reward-neutral and reward-threat
trials types [56].

Overall, these results are consistent with theories that implicate goal-directed attentional
processes in attentional biases, as the findings show that individuals can alter their attentional
bias in response to contextual changes [18, 35, 57, 58]. The findings also provide support for
theories suggesting that an attentional bias to threat may not be a stable phenomenon, and
rather varies across time, context and threat stimuli [29, 31]. Additional results assessing par-
ticipants’ response patterns to the shape identification component of the task are presented in
S1 File.

Despite the possibility of the proposed hypothesis not being true, and although caution is
warranted by the marginal nature of the difference between worry groups in terms of atten-
tional bias alignment, it is also appropriate to consider possible explanations for the surprising
pattern of attentional allocation in the High Worry-Non-Disruptive group. One possible
explanation for this pattern of findings may be related to the group’s expectancies regarding
future negative events, and subsequent learned helplessness behaviours. It may be the case that

PLOS ONE | https://doi.org/10.1371/journal.pone.0251350 May 13, 2021 15/20


https://doi.org/10.1371/journal.pone.0251350

PLOS ONE

Worry and attentional bias to threat cues signalling controllable and uncontrollable dangers

some worriers have developed negative expectancies about their control over the danger, and
this has led to the belief that they have no control over the outcome of the future event. In com-
parison, other high worriers may have similar negative expectancies about future negative
events, but their previous experiences compel them to invest cognitive and behaviour effort
into attempts to control future dangers [59].

The current study may have also had methodological limitations that limited its ability to
test the proposed hypothesis. Firstly, we measured worry frequency and worry-related disrup-
tion at the time of screening, and ethical constraints meant these screening data could not be
matched to participants at the time of testing. As such, group averages for these screening
scores could not be reported. Secondly, the measures used to assess worry frequency and
worry-related disruption, may not be optimally sensitive to assessing their intended constructs.
As worry is a core feature of anxiety [16], any differences between the high and low worry
groups in the current study may also be attributed to group differences in anxiety. Moreover,
worry-related disruption was also measured using only one item.

A further limitation of the current study relates to the psychometric properties of the dot
probe paradigm. Previous research has found that the dot probe paradigm has low internal
reliability [60-62]. However, this may reflect low reliability in the phenomenon of attentional
bias [63]. Research has also reported that such low internal consistency is problematic for
regression-based analyses, but less so for between-group comparisons [64]. Research has sug-
gested alternative scoring methods such as attentional bias variability that may display higher
reliability [29, 65, 66], however, it is unclear whether such measures assess the same attentional
processes as those the traditional scoring method was designed to index [29, 63]. Further, an
innovative Dual Probe Attentional Assessment Task has recently been developed [67]. The
measure of attentional bias generated from this paradigm, which was designed to assess the
same attentional processes as implicated in the current hypothesis, has been shown to have
high internal consistency reliability [67]. As such, to address the reliability concerns, future
research may benefit from testing the current hypothesis using the Dual Probe Attentional
Assessment Task or alternative methods such as eye-tracking paradigms with longer viewing
times [63, 68].

As our study is the first to examine individual differences in worry-linked alignment of
attentional bias to variations in danger controllability and given the above limitations, it is
important for future research to replicate and extend these findings using alternative measures
of worry frequency and disruption. It would also be prudent to replicate these findings with
different threat cues signalling different dangers, to ensure the present findings are not
restricted to threat cues signalling the risk of money loss and noise burst, and instead validate
the results across a variety of tasks implementing different threat cues and dangers. Future
research may also be interested in assessing the duration of one’s worry, as those who experi-
ence worry that does not have utility may be characterised by worry that persists for a longer
duration [69]. Future research may examine the relationship between worry and attentional
bias to uncontrollable threats vs controllable threats that can either be avoided or escaped, as
avoidance and escape behaviours may contribute to different worry [70]. In addition, future
research may examine the current hypothesis using measures of attentional bias that are time
sensitive, such as event-related potentials [71, 72], as differences in one’s ability to divert atten-
tion away from threat may also contribute to individual differences in the experience of worry.

In conclusion, the present findings do not support the hypothesis that the degree to which
people experience worry as being disruptive, is an inverse function of the degree to which their
attentional bias to threat cues is aligned with variation in the controllability of the dangers pre-
dicted by these threat cues. Indeed, quite the reverse pattern of findings was obtained, with
participants who reported experiencing high worry that was not disruptive exhibiting the least
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evidence of such alignment of attentional bias to variations in danger controllability. The pres-
ent study is the first, to our knowledge, that has sought to illuminate the attentional underpin-
nings of the distinction between disruptive and non-disruptive worry. The present study lays a
conceptual and methodological foundation for future research. It is our sincere hope that fel-
low researchers will build on this to extend the current understanding of the distinction
between disruptive and non-disruptive worry, in order to inform the development of interven-
tion approaches that specifically target disruptive worry, to ameliorate its negative impact on
individuals and society.
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