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1. EXCECUTIVE SUMMARY 

State of knowledge 

A resident of a bushfire prone area can face an overwhelming amount of information about 

potential dangers and how to cope with them. There are weather forecasts, information brochures 

in the mail, television campaigns, conversations with neighbours, spotting leaf litter, dirty gutters, 

dead branches, sensations of dry heat and fast wind, items in shops, and memories of past summers. 

On top of that, people have to organise their everyday lives: dealing with work, family, friends, 

health, finances, and many more. There is too much information coming in through different 

channels for our limited capacity working memory (Cowan, 1995; Miller, 1956). As a result, people 

have to prioritise which information gets processed, and which information will be disregarded.  

Now, a dilemma arises: either information about threat can be prioritised, or other 

information is prioritised at the cost of information about threat, which will be processed less or 

even ignored.  There are potential costs and benefits to both approaches. The cost associated with 

preferential processing of threat lies in its relation to negative emotions. Research in the domain of 

experimental psychopathology has shown that processing information about threat contributes to 

anxiety and worry (MacLeod & Clarke, 2013; MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 

2002). People who prioritise the processing of threat-related information tend to be more worried 

and anxious than people who do not prioritise processing of threat (Bar-Haim, Lamy, Pergamin, 

Bakermans-Kranenburg, & van Ijzendoorn, 2007a; Mathews, Mogg, May, & Eysenck, 1989; Mathews, 

Richards, & Eysenck, 1989). In fact, these patterns of selective processing of threat, also known as 

cognitive biases, are thought to contribute to the development and maintenance of emotional 

dysfunction (Barlow, 2002; MacLeod & Clarke, 2013). Research in the domain of health psychology 

and disaster preparedness has proposed that people may in fact avoid processing threat-related 

information as a way of coping with threat. Such avoidance is seen as a maladaptive emotion-

focused coping strategy which simply aims to reduce unpleasant feelings of stress and anxiety, 

rather addressing the cause of the problem (Goldenberg & Arndt, 2008; Witte, 1998; Witte & Allen, 

2000). 

Therefore, the potential benefit of preferential processing of threat is that it might 

contribute to adaptive risk mitigation behaviour. When faced with genuine danger, these cognitive 

biases may allow people to quickly orient to, detect and react to threatening stimuli (Notebaert, 

Crombez, Van Damme, De Houwer, & Theeuwes, 2011). Indeed, cognitive models of emotion have 
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indicated that the very same information processing biases implicated in emotional disorders can be 

adaptive when they target classes of information that signal legitimate danger (Ohman & Mineka, 

2001). In these cases, the absence of processing biases favouring threatening information is likely to 

decrease the likelihood that an individual will accurately identify a genuine threat, placing them at a 

greater risk of harm. 

The ideal style of processing selectivity for individuals who are chronically exposed to some 

particular form of risk such as those who live with the risk of bushfire, likely falls somewhere in 

between extreme avoidance and excessive preferential processing of threat. Such a style of cognitive 

selectivity would minimize the unhelpful anxiety that results from the processing of irrelevant or 

minor threat cues, while ensuring the appropriate processing of information pertinent to the real 

danger, resulting in the effective planning and decision-making necessary to take constructive 

action.  

Most research on cognitive biases favouring threat has focused on maladaptive biases 

associated with emotional pathology and dysfunction in the absence of tangible dangers. This 

research is therefore unable to inform about the relationship between non-clinical emotional states 

(anxiety and worry), cognitive biases, and behavioural responding to genuine threat. In addition, 

much of the research on the relationship between non-clinical emotional states and cognitive biases 

is done in younger samples which are not representative of the typically older populations in 

bushfire-prone areas. A third gap in current literature concerns the limited variety of cognitive biases 

that are typically investigated in relation to emotional dysfunction. Most research has focused on 

attentional bias and interpretation bias, whereas a number of additional biases in the selective 

processing of threat can be discerned. Therefore, the first aim of this project was to further 

investigate the relationship between anxiety and selective processing of threat i. when people are 

exposed to genuine dangers that can or cannot be mitigated, ii. In older versus younger adults, and 

iii. as manifested in biases in expectancy, risk perception, and memory. This constitutes Theme 1 of 

the current project. 

Given that it is possible to specify the optimal pattern of cognitive processing of threat, it 

would be of significant practical value if techniques could be developed to effectively train these 

adaptive processing styles for specific stress inducing events such as bushfires. In fact, anxiety 

researchers have sought in recent years to modify selective processing of threat, albeit for a 

different reason. Specifically, this research endeavour has been designed to reverse the general 

prioritised processing of threat displayed by individuals with dysfunctionally high levels of anxiety, in 

order to therapeutically alleviate this emotional dysfunction. 
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In recent years, new cognitive techniques have been developed that can modify selective 

processing of threat. This newly developed field of cognitive bias modification (CBM) research has 

had a profound impact on research in the area of cognition and emotion, albeit largely in clinical 

settings. Typically, CBM approaches build contingencies into computer-based tasks, designed to 

encourage the development of desired styles of processing selectivity. Participants who perform 

these tasks in extended single sessions come to display either an increase in processing of threat or a 

decrease in processing of threat (depending on the contingency), and repeat delivery of the 

computer tasks across 8 or more sessions produce enduring changes in such processing selectivity. 

Such cognitive bias manipulation profoundly influences emotional reactions to real-life stressors, 

and its impact on emotional functioning can remain evident across many months. The application of 

such cognitive training techniques to individuals exposed to bushfire risk could potentially modify 

maladaptive patterns of selective cognitive processing and emotion associated with maladaptive 

responses to threat. These techniques therefore have the potential to directly enhance their 

engagement in the constructive planning and behavioural preparation necessary to minimize the 

prospect of harm. However, currently, no research has investigated whether CBM techniques have 

the capacity to modify behavioural responding to threat. In addition, further work is needed to 

optimise delivery of CBM task. Currently, it is evident that when CBM task are capable of modifying 

the targeted cognitive processes, they also alter emotional responding (Clarke, Notebaert, & 

MacLeod, 2014). However, the desired cognitive change is not always obtained (e.g. Carlbring et al., 

2012). Therefore, the second aim of the current project was to assess the capacity of CBM 

techniques to alter behavioural responding to chronic threats, and to develop and test the efficacy 

of new CBM approaches. This constitutes Theme 2 of the current project. 

Progression of research 

Twelve studies were conducted over the course of three years.  The first seven studies were 

related to Theme 1, which concerns the relationship between anxiety and selective processing of 

threat. Study 1.1 aimed to investigate the relationship between anxiety, worry, and cognitive biases 

specifically in residents of a bushfire prone area. The study used existing cognitive bias assessment 

techniques that were adapted for the assessment of selective processing of bushfire-related threat. 

Study 1.2 investigated the role of anxiety in the attentional processing of threats signalling dangers 

that either can or cannot be mitigated, by adapting an existing task that is capable of assessing 

anxiety-linked attentional bias to threat. Study 1.3 aimed to use a newly developed attentional task 

to investigate whether older and younger adults are characterised by the same attentional bias to 

threat. Study 1.4 built on previous research showing that anxiety is associated with heightened 
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perceptions of risks, by investigating how the processing of information about risks contributes to 

risk mitigation behaviour. Study 1.5 aimed to investigate whether negative expectancy bias typically 

observed in anxiety is stable across the lifespan, by examining whether it is also observed in older 

adults. Because previous research has obtained mixed findings concerning the existence of an 

anxiety-linked memory bias, the aim of Study 1.6 was to investigated whether anxiety might be 

associated with a bias in prospective memory, which is paramount for future planning and decision-

making and thus especially relevant in populations facing chronic threats. The aim of Study 1.7 was 

to examine the manner in which trait anxiety and attentional bias to threat predict intrusions, which 

are spontaneous memories of previously experienced emotionally negative events. The study used 

an existing trauma film paradigm to elicit intrusions, and an online diary to record the frequency and 

intensity of intrusions.  

The remaining five studies related to the second theme, which concerned the optimising and 

developing CBM techniques to alter emotional and behavioural responding to threat. The aim of 

Study 2.1 was to investigate if attentional bias to threat can be remotely manipulated in bushfire 

exposed community members using a modification of an existing CBM paradigm, and if so, does 

ABM moderate the impact of bushfire warning messages on resulting levels of worry and 

preparedness intentions? The goal of Study 2.2 was to investigate whether the modification of 

biased interpretation can enhance worry elicited when viewing a health campaign video, and 

consequently lead to more adaptive behaviour. The aim of Study 2.3 was to test the effectiveness of 

a newly developed ABM task in modifying patterns of attentional bias, and affecting emotional 

vulnerability. The aim of Study 2.4 was to investigate the conditions under which CBM procedures 

are effective, by investigating whether cognitive change and associated effects on emotion can be 

obtained if explicit instructions are given about the purpose of the CBM task. Finally, the purpose of 

Study 2.5 was to investigate whether the emotional benefits of ABM might be best realised when 

these procedures are delivered at a time when biased attention to threatening information is likely 

to be most acutely problematic.  

Research results 

With respect to the first theme of the current project, the results showed that the cognitive 

biases displayed by people facing chronic threats are very similar to those displayed by other 

populations. Specifically, people living in bushfire prone areas who have higher levels of anxiety, 

showed a bigger attentional bias to fire-related threat and a more negative interpretation bias for 

both fire-related and fire-unrelated threat as compared to people with lower levels of anxiety (Study 

1.1). This enhanced processing of threat did not lead to any behaviour benefits in terms of risk 
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mitigation, as it was associated with lower levels of bushfire preparedness. Findings also showed 

that when people have control over the dangers that they are exposed to, the anxiety-linked 

attentional bias to threat is amplified (Study 1.2). Similar results were obtained in the study 

investigating prospective memory (Study 1.6). Being able to control the dangers amplified the 

anxiety-linked memory bias in anxious individuals. In addition, high anxious individuals showed to be 

better able than low anxious individuals to integrate several types of information about risks to drive 

their risk mitigation behaviour (Study 1.4). These findings suggest that heightened anxiety 

vulnerability may be associated with an enhanced sensitivity to threats signalling danger that can be 

mitigated. Because a subjective lack of control is a core feature of anxiety (Barlow, 2002), high 

anxious people may be hypersensitive to opportunities to mitigate potential dangers. Thus, when 

high anxious people are presented with threat cues signalling dangers that they can actively control, 

they might be more likely than low anxious people to prioritise cognitive processing of these threat 

cues. 

Results also showed that patterns of attentional bias to negative material were similar for 

older and younger adults (Study 1.3). In contrast, age was related to an inflated expectancy of 

positive events (Study 1.5), which is consistent with the positivity effect typically observed in older 

adults, indicating that aging is associated with a tendency to attend to and remember positive 

information more than negative information.  Finally, results showed that anxiety and attentional 

bias to threat are both important contributors to the manifestation of intrusions (Study 1.7). 

Specifically, attentional bias to negative information was shown to independently predict the 

frequency with which intrusions occur after a traumatic event, whereas trait anxiety was shown to 

independently predict the levels of distress associated with those intrusions.  

With respect to the second theme of the current project, the results showed that an 

attentional bias modification (ABM) procedure can induce a differential attentional bias in 

participants living in bushfire prone areas. This is a promising finding, and supports the validity of the 

online delivery of such ABM procedures as analogous to traditional lab-based training. This single 

session of attentional bias modification however, had no significant differential impact on bushfire 

worry or preparatory intention (Study 2.1). Similarly, results of Study 2.2 showed that a differential 

interpretation bas can be induced, however this had no direct effects on the engagement in 

protective/preventative behaviour. Importantly however, results did show that the extent to which 

worry was induced through the CBM procedure was positively associated with engagement in 

protective/preventative behaviour. 
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We were successful in developing a new attentional bias modification task that is capable of 

modifying patterns of selective attention, and impacting on anxiety vulnerability (Study 2.3). In 

addition, we have learned that the instructions given to participants when performing attentional 

bias modification task are important. Our findings indicate that although the use of explicit task 

instructions did not compromise the capacity of the CBM-A manipulation to modify attentional 

response to negative information, it eliminated the impact of the CBM-A manipulation on anxiety 

vulnerability (Study 2.4).  Finally, we have shown that an attentional bias modification procedure 

delivered at a carefully targeted point in time (i.e., immediately before sleep), can yield specific 

benefits in sleep-related worry and insomnia for participants who report experiencing such 

difficulties in relation to sleep disturbance (Study 2.5). The present findings therefore support the 

idea that the delivery of ABM at a time when attentional bias to threat is thought to be most acutely 

problematic is a condition under which ABM can more precisely target attention and related 

cognitive underpinnings, thereby optimising emotional benefits.  

State of knowledge now 

 Overall, the findings of the current project suggest that people facing chronic threats such as 

bushfires, display similar patterns of cognitive bias as people in the general population, with high 

anxious individuals showing increased preferential processing of threat as compared to low anxious 

individuals. Importantly however, results indicated that high anxious individuals show further 

enhanced sensitivity to information about threat when confronted with threats that can be 

mitigated. This is an important finding as it likely to be applicable in people living in bushfire prone 

areas, because risk of a bushfire can to some extent be mitigated by adequate preparedness and 

adherence to a proper fire plan.  Intuitively, enhanced processing of threat cues when these threat 

cues signal dangers that can be mitigated seems adaptive. Indeed, many cognitive models of 

emotion specify that these cognitive biases are likely to have evolved because enhanced processing 

of threat will plausibly facilitate engagement in appropriate danger mitigation behaviour (Mogg & 

Bradley, 1998; Ohman & Mineka, 2001). Thus, through fast detection and identification of potential 

threats, an individual has a greater chance of executing a proper coping response, thereby reducing 

the risk of harm. The current research findings suggest that in situations where risks can be 

mitigated, the maladaptive nature of anxiety lies not in the cognitive processing of threat as there 

was little to no evidence of avoidance of threat-related information, and indeed, anxiety appears to 

be associated with enhanced processing of threat. Perhaps then, the maladaptive nature of anxiety 

in these situations lies in the balance between cognitive, emotional, and behavioural responding. 

Specifically, heightened processing of cues signalling dangers that can be mitigated can be 



10 
 

maladaptive, if the benefits in term of risk mitigation are not exploited. In this case, heightened 

processing of threat will only serve to increase anxiety. Supportive evidence for this maladaptive 

balance comes from the finding that heightened anxiety and processing of threat was associated 

with lower bushfire preparedness.  

Determining whether or not anxiety is indeed associated with a maladaptive trade-off 

between the costs of heightened vigilance on the one hand and the benefit of effective danger 

mitigation behaviour on the other hand, is therefore an important new avenue for future research. 

If, despite heightened processing of threat cues, anxious individuals are less likely to engage in risk 

mitigation behaviour, it is important to investigate why this is the case. Research into the 

effectiveness of fear appeals to motivate behavioural change offers two possible avenues that can 

be examined (Witte & Allen, 2000). One possibility is that anxious individuals might be less likely 

than non-anxious individuals to believe that the mitigation response will be effective in minimising 

the danger. The other possibility is that high anxious individuals may have lower self-efficacy, 

meaning they are less likely to believe that they are capable of executing the risk mitigation 

response adequately (Bandura, 1977). Future research could usefully investigate each of these 

possibilities to examine which factors hamper risk mitigation behaviour in high anxious individuals.  

An important finding for the current project comes from the memory bias study. When 

investigating the cognitive factors that may drive bushfire preparedness behaviour, memory might 

not seem a likely candidate for investigation because it seems to only concern the past. However, 

researchers have argued that the primary function of anxiety is in the preparation for the future. The 

information stored in and retrieved from memory affects several stages of information processing, 

from the initial stage of meaning analysis, leading up to and including the planning and execution of 

a coping response (Klein, Robertson, & Delton, 2010). In fact, it has been argued that one of the 

most important functions of human memory is to make appropriate decisions and flexibly plan 

future behaviour in our complex environments (Klein et al., 2010). Therefore, a bias in memory 

favouring negative material could not only affect the retrieval of old information, but also the 

manner in which new information is processed and the way in which new situations are dealt with 

(Mitte, 2008). However, memory bias research has typically been concerned with the first 

component, the storage and retrieval of negative information, while neglecting how this information 

contributes to future planning. In the current project, we should that anxiety is associated with a 

bias in prospective memory for threatening material. Prospective memory critically taps into this 

planning component of memory, as it considers how information that is relevant to taking action in 

the future is stored. Therefore, it is important for future research investigating the relationship 

between cognition, emotion, and adaptive behavioural preparedness in the face of threat, to take 
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into account anxiety-linked differences in prospective memory, and examine how they might 

contribute to preparedness.  

The studies clustered around our second aim have shown that we can modify patterns of 

cognitive selectivity in people exposed to chronic risks such as bushfires. This confirms that our tasks 

have the capacity to remotely modify selective cognitive biases in bushfire exposed community 

members, and can induce in our target population the cognitive characteristic of good preparedness. 

However, even though we were able to modify these cognitive biases, we were not able to directly 

affect behaviour. There are several possible reasons for this, which form avenues for future 

research.. First, one session of ABM may be insufficient to produce behaviour change. In anxiety 

research, typically patients suffering from dysfunctional levels of anxiety are given 8 session of ABM 

across a 4 week period (e.g. Amir, Beard, Burns, & Bomyea, 2009). Such repeated training has been 

shown to produce significant long-lasting effects in terms of anxiety reduction.  Perhaps, to affect 

preparatory behaviour, similarly a more extended version of ABM is necessary. Therefore, future 

research could investigate whether repeated session of ABM before the start of the fire season 

would be more conducive to instilling the types of cognitive patterns that lead to behavioural 

change. A second possibility is that the adaptive consequences of ABM may be restricted to 

particular types of preparatory behaviour, or particular types of individuals. Therefore in future 

studies, several different aspects of preparedness behaviour can be measured, such as house 

preparedness, evacuation preparedness, planning preparedness, and vegetation preparedness 

(Dunlop, McNeill, Boylan, Skinner, & Morrison, 2014). In addition, future research could adopt a 

wider range of screening measures (such as levels of trait anxiety, levels of worry, catastrophizing, 

etc.) to be able to investigate whether ABM might work best for certain subsets of people.  

The main conclusion to be drawn this project is that more research is needed into the 

factors that mediate the relationship between cognitive biases and behaviour. Although we have 

clarified the nature of the relationship between cognitive processing of threat and behaviour, we 

have not been able to modify behaviour through the modification of these cognitive biases. 

Therefore, future research needs to identify which factors mediate this relationship. Our findings 

suggest that emotional factors might play an important role. Therefore, we would recommend 

investigating how specific patterns of worry and anxiety might causally contribute to enhanced or 

impaired bushfire preparedness.    
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2. INTRODUCTION 

When faced with a threat such as the possibility of a bushfire in their area, the way people 

feel and the way they think will influence the way in which they act. The aim of this project was to 

investigate the relationship between patterns of emotion and patterns of cognition, and to examine 

how these patterns contribute to behaviour when faced with bushfire threat (THEME 1). 

Furthermore, research in the emerging field of cognitive bias modification (CBM) has shown that 

patterns of cognition can be changed using simple computerised tasks. That research, conducted 

largely in clinical settings, has shown that by modifying patterns of cognition, patterns of emotion 

can also be changed. Therefore, this project also aimed to further develop and improve these 

cognitive bias modification techniques, in order to ultimately apply them to modify maladaptive 

patterns of cognition and emotion associated with inadequate bushfire preparedness (THEME 2). 

In this introductory section, we first explain why the focus of this project is on the emotion of 

anxiety, and what is currently known about the cognitive processes that are associated with anxiety. 

We then identify important caveats in the research related to the current project, and introduce the 

studies that were aimed at addressing these caveats. In the second part of this introduction, we will 

outline what is currently known about cognitive bias modification and its effect on emotional 

vulnerability, before describing how the current project further developed this line of research to 

investigate its usefulness in implementing cognitive bias modification in bushfire prone communities. 

After this general introduction, each the specific study is described in detail. 
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Theme 1: The effects of anxiety on the processing 

of threat-relevant information 

The concept of anxiety often raises unpleasant associations and the belief that this affective 

state is inherently unhelpful and should be reduced or eliminated when it arises. Indeed, much time 

and resources are devoted to research and therapeutic intervention into ways and means of 

reducing the frequency and intensity of anxiety. While this emotional process is often considered an 

unwanted intrusion into otherwise healthy functioning, it is also the case that it can be highly 

motivating. Indeed, as eloquently captured by (Barlow, 2002);  

“Without anxiety little would be accomplished. The performance of athletes, 

entertainers, executives, artisans and students would suffer; creativity would diminish; 

crops might not be planted. And we would all achieve that idyllic state long sought 

after in our fast-paced society of whiling away our lives under a shade tree. This would 

be as deadly for the species as nuclear war.” (p9).  

That view of anxiety suggests that this emotional process is likely to play a critical role 

in promoting behavioural action to mitigate the impact of future negative events which could 

be considered critical, not only for survival but also for prosperity. 

Anxiety may be considered a ‘non-specific’ drive compared to other emotions such as ‘fear’ 

which is often associated with reactions to specific and immediate danger. Anxiety does not produce 

a specific response to a specific threat but rather acts on a number of physiological and cognitive 

systems to enhance an individual’s ability, and motivation, to deal with potential threats. This view 

of anxiety is consistent with the notion of ‘anxious apprehension’ which is a future-focused mood 

state which prepares one to deal with anticipated negative events. Individuals who vary according to 

their levels of trait anxiety are characterised by differences in a number of cognitive systems. 

Specifically, those individuals who are high in trait anxiety (including people who suffer from anxiety 

disorders) commonly display information processing biases which preferentially favour attending to 

threatening, rather than non-threatening, material (Bar-Haim et al., 2007a; Eysenck, Mogg, May, 

Richards, & Mathews, 1991).  

Although we are continuously exposed to vast amounts of information, because we have 

limited processing capacity the cognitive system is highly selective in terms of the information that is 

processed, and so receives the fullest processing. Such selectivity typically operates without 
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awareness, but the information that receives processing priority has the greatest capacity to 

influence our decisions and actions. Therefore, it is important to know which information is selected, 

and go on to influence emotions and action. It is now well established that individuals differ 

systematically in terms of which information is preferentially processed, and that high-anxious 

individuals favour engaging in the processing of threatening information. These biases in information 

processing are called cognitive biases. Biases in attention, interpretation, and memory are the most 

thoroughly investigated of these anxiety-linked cognitive biases. The following sections briefly 

describe the relationship between anxiety and each of these cognitive biases. 

Anxiety and biased attention 

Many theorists contend that the preoccupation with threat observed among anxious 

individuals may reflect a heightened tendency to selectively attend to threatening information in 

their environment (Cisler & Koster, 2010). This attentional bias thus refers to the tendency of high 

anxious individuals to selectively allocate attention to threatening material over other sources of 

information in the environment (MacLeod, Mathews, & Tata, 1986).  

A widely used task to assess attentional bias to threat is the attentional probe task (MacLeod 

et al., 1986) which involves on each trial the brief, simultaneous presentation of two stimuli, one 

threat-related (e.g., the word “fear”, or a threatening image such as a frowning face) and one threat-

unrelated (e.g., the word “book”, or a non-threatening image such as a smiling face). Following the 

disappearance of this stimulus pair, participants are required to discriminate the identity of a small 

probe which can appear in the location where either the threatening or the non-threatening 

stimulus has just been shown. The assumption is that such probes will be discriminated more rapidly 

when they are presented in the screen locus that participants already are attending to. Hence, if 

anxious individuals do selectively attend towards threatening information, they should show 

relatively facilitated probe discrimination performance when the probes appear in the vicinity of the 

threatening members, rather than the non-threatening members, of these stimulus pairs. Using this 

task it has consistently been demonstrated that individuals more prone to dispositional anxiety 

consistently show shorter latencies to detect probes appearing in the location of threatening stimuli, 

suggesting an attentional bias favouring threat; while non-anxious controls often demonstrate a 

relative slowing in discriminating probes presented in the location of threat rather than non-

threatening stimuli. This effect has been demonstrated in high anxious members of the general 

population and among individuals with anxiety pathology (Bar-Haim et al., 2007a). 

Research also indicates that while all individuals will direct their attention to information 

that is extremely threatening, individuals with higher levels of anxiety will show attentional vigilance 
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for more mildly threatening material (Wilson & MacLeod, 2003). Thus, a more anxious person living 

in a bushfire prone area might walk around the neighbourhood attending to all possible fire hazards 

in the area, even the ones that are unlikely to pose a real treat to themselves or their property.  

The majority of research investigating the relationship between anxiety and attentional bias 

to threat has assessed this attentional bias in context where people cannot undertake action to 

reduce or avoid the danger singled by the threat. This research considers the anxiety-linked 

attentional bias to be a maladaptive process, as it only serves to contribute to heightened anxiety. 

However, in situations where there is opportunity for risk mitigation, such increased vigilance for 

threat may be adaptive, as heightened processing of threat may contribute to fast and effective risk 

mitigation (Notebaert, Chrystal, Clarke, Holmes, & MacLeod, 2014). In these situations therefore, 

attentional avoidance of threat-related information may be particularly maladaptive. Such an 

attentional avoidance may be associated with maladaptive emotion-focused coping strategies which 

simply aim to reduce unpleasant feelings of stress and anxiety, rather than the more adaptive 

action-focused coping strategies which aim to address the cause of the problem (Goldenberg & 

Arndt, 2008; Witte, 1998; Witte & Allen, 2000). 

Anxiety and biased interpretation 

An interpretive bias describes the tendency for anxious individuals to favour negative 

resolutions of ambiguous information (Mathews, Richards, et al., 1989). If a small cloud of smoke 

rises from a nearby property, a more anxious person might attribute this to the start of a bushfire 

rather than the possibility that a land-management agency is conducting a safe hazard-reduction 

burn.   

Experimentally assessing the biased interpretation of ambiguity commonly involves two 

distinct stages, with participants being first presented with inherently ambiguous information, which 

is followed by a variety of techniques used to infer whether they resolved this initial ambiguity in a 

threatening or benign way. Often the ambiguous information employed in such studies have been 

sentences that permit both negative and benign interpretations, such as “When meeting her date, 

Lisa said ‘You're certainly not what I expected.’”. Following exposure to a set of sentences, which 

included some ambiguous items of this type Constans, Penn, Ihen, and Hope (1999) gave anxious 

and non-anxious participants a recognition memory task, in which they were required to rate how 

closely a number of new statements agreed with the meaning of statements encountered earlier. In 

this recognition test, either negative or non-negative interpretations of previously exposed 

ambiguous sentences were included (e.g. “Lisa was impressed with her date when they met”, vs. 

“Lisa was disappointed with her date when they met”). Constans et al. found that, compared to their 
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low anxious counterparts, the patterns of recognition performance shown by the high anxious 

participants suggested that they had imposed more negative resolutions on the initially presented 

ambiguous information. 

Using this and similar methodologies, it has been demonstrated that anxious individuals are 

significantly more likely than non-anxious individuals to report threatening, as compared to the 

neutral, interpretations of the homophone, suggesting that anxiety is characterised by an 

interpretive bias favouring threatening resolutions of ambiguity (Gifford, Reynolds, Bell, & Wilson, 

2008; Mogg et al., 1994). 

Anxiety and Biased Memory 

The relative accessibility of different past experiences influences not only the way in which 

present situations are construed, but also exerts a powerful impact on the predictions people make 

about the relative likelihood of experiencing similar such events in the future (Engelhard, de Jong, 

van den Hout, & van Overveld, 2009). Hence, a biased capacity to remember past emotional events 

could readily contribute to distorted expectancies concerning the future. Moreover, memory of past 

information affects planning for the future and the execution of coping responses (Klein et al., 2010). 

In fact, it has been argued that one of the most important functions of human memory is to make 

appropriate decisions and flexibly plan future behaviour in this complex environment (Klein et al., 

2010). Therefore, a bias in memory favouring negative material could not only affect the retrieval of 

old information, but also the manner in which new information is processed and the way in which 

new situations are dealt with (Mitte, 2008). 

People generally display enhanced recall of emotional over non-emotional material 

(Zimmerman & Kelley, 2010). This appears to reflect the fact that the emotionally positive or 

negative events are highly distinctive, which contributes to their improved recollection, relative to 

more neutral memories (Talmi, Luk, McGarry, & Moscovitch, 2007). Numerous cognitive theories of 

anxiety dysfunction (Baumeister, Vohs, DeWall, & Zhang, 2007; Beck & Clark, 1997) posit the idea 

that anxious individuals may be characterized by a memory bias that favours the recollection of 

emotionally threatening memories relative to emotionally positive memories. This may explain why 

they are preoccupied with thoughts concerning the prospect of future dangers.  

However, evidence for such an anxiety-linked memory bias is mixed, with some studies 

reporting findings in support for the idea that high anxious people show better memory for 

threatening relative to neutral information (Coles, Turk, & Heimberg, 2007), while other studies 

found no evidence for a bias of this nature (Becker, Roth, Andrich, & Margraf, 1999). Clearly, more 
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research is needed to delineate the conditions under which an anxiety-linked memory bias may be 

observed (Mitte, 2008).  

Research questions 

The presence of these cognitive biases suggests that people with higher levels of trait 

anxiety are more likely to attend to perceived threatening information in their environment. When 

people continuously have an attentional bias even to mildly threatening information, when 

ambiguous information is always interpreted in a negative manner, and/or when a lot of negative 

memories are recalled, these processes become maladaptive in that they relentlessly interrupt 

current goal-directed behaviour without providing any real benefits. However, in situations 

characterised by genuine danger, the absence of attention to and interpretation and memory of real 

threats may also not be adaptive, because this may lead to low consideration of potential sources of 

real danger, leaving people unprepared when danger strikes. One of the aims of the current project 

was therefore to examine the relationship between anxiety and cognitive biases in people who are 

exposed to genuine threat, i.e. people living in bushfire prone communities (Study 1.1). 

In addition, although research into the relationship between anxiety and cognitive biases has 

gained momentum over the last two decades, many questions remain unanswered. The questions 

that were investigated in this project pertain to how anxiety affects selective processing of threat-

related information in different populations (Study 1.1 & 1.3), how anxiety affects the selective 

processing of different types of threats (Study 1.2, 1.4 & 1.7) , and how anxiety affects types of 

selective processing that have that have yet been scarcely investigated (Study 1.5 & 1.6). The specific 

research questions for each of these studies are outlined below 

Study 1.1 Anxiety, worry, and cognitive biases in residents of a bushfire prone 

community 

Study 1.1 aimed to investigate the relationship between anxiety, worry, and cognitive biases 

in residents of a bushfire prone area. Most, if not all, previous research has focused on investigating 

the relationships between these constructs in individuals who are not exposed to genuine threats. In 

these settings, anxiety and cognitive biases favouring threat are seen as maladaptive. However, 

anxiety and the processing of threat-related information can be adaptive when faced with real-world 

threats. Therefore, it is important to also investigate the nature of the relationships between these 

constructs in people who are exposed to genuine dangers. 
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Study 1.2 Anxiety and attentional processing of threat when dangers are or are not 

mitigable 

When investigating attentional bias to threat, researchers have typically presented 

individuals with threats signalling dangers that cannot be mitigated. However, often people do have 

some form of control over the dangers they are exposed to, and this might affect their attentional 

bias. Indeed, several cognitive models of anxiety imply that this attentional bias may have evolved to 

effectively mitigate the dangers signalled by threat cues. To date, no research has systematically 

manipulated the opportunity for danger mitigation in investigating anxiety-linked attention to 

threat. Therefore, it is unknown whether trait anxiety and the opportunity for danger mitigation 

contribute to attentional bias to threat in an additive or interactive manner. Study 1.2 investigated 

this issue by examining anxiety-linked attentional bias to threat cues signalling a danger (noise 

bursts) that either could, or could not, be mitigated. 

Study 1.3 Anxiety and attentional processing of threat in older versus younger adults  

Previous research has shown that anxiety is associated with an attentional bias to threat, 

however the precise nature of this attentional bias has not yet been established. It is unclear for 

example, whether this attentional bias consists of rapid attentional engagement with treat, or 

delayed attentional disengagement from threat. In addition, it is unclear whether older and younger 

adults are characterised by the same attentional bias to threat. Study 1.3 aimed to use a newly 

developed attentional task to independently measure the contributions of attentional engagement 

with and disengagement from threat. In addition, this study explored age-related differences in 

anxiety-linked attentional biases. 

Study 1.4 Anxiety, risk perception, and risk mitigation 

Heightened anxiety is associated with a bias in risk perception, in that high anxious 

individuals over-estimate the likelihood that negative events will happen, and the severity of the 

outcome if a negative event happens. These two components of risk (likelihood and severity) have 

always been studied in isolation, however to properly evaluate and respond to risks, information 

about these two components needs to be integrated. To further examine the precise nature of 

heightened risk perception in anxiety, Study 1.4 aimed to investigate whether anxiety influences the 

integration of information about the severity and likelihood of risks, and whether this integration 

contributes to risk mitigation behaviour.  
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Study 1.5 Anxiety and negative expectancy bias 

Anxiety is characterized by a negative expectancy bias, such that anxious individuals report 

negatively distorted expectations about the future. Yet, it is unclear what conditions or processes 

give rise to this anxiety-linked negative expectancy bias, and whether this bias is stable across the 

lifespan. Contrary to anxiety, aging is characterized by a positivity effect, such that aging is 

associated with a tendency to attend to and remember positive information, relative to negative 

information. Study 1.5 integrates these literatures to examine anxiety- and age-linked biases when 

thinking about the future. The specific nature of the relationship between the age and anxiety 

effects on expectancy may be interactive, such that increased age attenuates or reverses the 

anxiety-linked negative expectancy bias, or it may be that age and anxiety exert independent 

influences on expectancy bias. 

Study 1.6 Anxiety and prospective memory for threat cues 

Emotion researchers have proposed that anxiety might be related to selective memory for 

negative information. Because memory serves important functions, not only regarding recollection 

of the past but also to provide input for future planning, such a selective memory for threatening 

information could have grave detrimental consequences across many areas in life. However, this 

expected anxiety-linked memory bias has not always been observed. Because anxiety is very much a 

future oriented disorder, it is possible that an anxiety-linked memory bias might be constrained to 

threatening information that is relevant for the future. Therefore, the aim of Study 1.6 was to 

investigate whether prospective memory moderates the anxiety-linked memory for threat.  

Study 1.7 Anxiety, attentional bias to threat, and trauma related intrusions. 

Intrusions are spontaneous memories of previously experienced emotionally negative 

events. Research has shown that there are individual differences in people’s vulnerability to 

experiencing intrusions following an emotionally negative event. For example, not everyone who is 

exposed to a traumatic event subsequently develops Post-Traumatic Stress Disorder. Trait anxiety 

has been consistently found to be associated with elevated intrusions following negative events. 

High trait anxious people typically show an attentional bias to threat. This attentional bias is also 

present is people suffering from PTSD. However, although previous research has shown that higher 

trait anxious people tend to report more intrusions, it is not yet known whether this increase in 

intrusions is a consequence of elevated trait anxiety or a consequence of an attentional bias which is 

associated with their elevated trait anxiety. The aim of Study 1.7 therefore is to examine the manner 

in which trait anxiety and attentional bias to threat predict intrusions. The study will focus on two 
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aspects of intrusions: the frequency of intrusions and the emotional distress associated with the 

intrusions. 
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Theme 2: Tuning maladaptive information 

processing  

If research successfully identifies the cognitive biases associated with maladaptive patterns 

of emotion and behaviour, this does not permit the conclusion that these patterns of processing 

selectivity functionally contribute to such emotional and behavioural dysfunction. It is possible that 

cognitive biases arise simply as a consequence of heightened anxiety. In this view, anxious people 

display these cognitive biases because they are anxious. However, many cognitive theories of 

emotional dysfunction hold the alternative view that these low level biases in selective information 

processing make a direct causal contribution to the aetiology of dysfunction pathology (e.g. Beck & 

Clark, 1997; Eysenck, Derakshan, Santos, & Calvo, 2007; Williams, Watts, MacLeod, & Mathews, 

1997). In this view, people become more anxious because they have thee cognitive biases.  

In fact, anxiety researchers have sought in recent years to modify selective responding to 

threat, through a newly developed cognitive technology called cognitive bias modification (CBM). 

These new technologies are typically based on the tasks that were previously used to assess 

cognitive biases. CBM researchers have amended these tasks to transform them into techniques that 

capable of systematically modifying the cognitive bias they were initially designed to assess.  This has 

been accomplished by introducing specific contingencies into these tasks, designed such that they 

become easier to perform if the participant adopts a target pattern of cognitive bias.  It is 

anticipated that repeated practice of the tasks configured in this manner will foster a change in 

cognitive bias, to favour the type of selectivity encouraged by the training contingency. 

Most of the work to date has sought only to modify attentional or interpretive bias, though 

new techniques are emerging that promise to extend the range of processing biases that can be 

targeted using the CBM approach.   

Modifying attentional bias 

By far the most frequently used cognitive bias modification approach target attentional bias 

(CBM-A) has been a training variant of the attentional probe task.  The development of CBM-A 

methodologies has involved the introduction of contingencies into these tasks, such that 

performance will be enhanced by consistently directing attention either towards, or away from 

negative stimuli.  In the assessment version of this task probes are presented in the same and 

opposite location to the negative stimuli with equal frequency.  However, the CBM-A variant 
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introduces a contingency between the stimulus position and the probe position, such that probes 

always appear only in the location of neutral stimuli in the condition designed to encourage 

attentional avoidance of negative stimuli (avoid negative condition), or else appear only in the locus 

of negative stimuli in the condition designed to encourage attentional preference for negative 

stimuli (attend negative condition).   

In two separate studies, MacLeod et al. (2002) exposed participants to 576 attentional probe 

training trials delivered in either of these two training conditions, using word stimuli.  Subsequent 

attentional bias assessment, using the original format of the attentional probe task, revealed that 

these participants came to display a pattern of induced attentional selectivity in line with the 

assigned training contingency.  Those exposed to the attend-negative CBM-A condition became 

faster in discriminating probes appearing in the location of negative words rather than neutral 

words, indicating an attentional bias towards negative information.  Those exposed to the avoid-

negative CBM-A condition instead became faster to discriminate probes appearing in the location of 

the neutral words rather than the negative words, indicating an attentional bias away from negative 

information.  Subsequent research has also since demonstrated that versions of this probe CBM-A 

task using negative and non-negative pictorial stimuli can similarly serve to modify  attentional bias 

(e.g. Eldar, Ricon, & Bar-Haim, 2008). A great many attention training studies employing this probe 

CBM-A approach have since verified its capacity to modify attentional bias (Hakamata et al., 2010). 

To assess whether attentional bias causally contributes to emotional vulnerability, 

researchers have assessed the impact of CBM-A on emotional reactions to a subsequently 

administered stressor task. In the MacLeod et al. (2002) study, participants was exposed to an 

extremely difficult anagram task after the CBM-A training, and were being given negative feedback 

about their performance during the task. Results showed that the degree to which this stressful 

anagram stress task served to elevate anxiety and depression was attenuated for participants who 

had completed the avoid-negative CBM-A, compared to those who had completed the attend-

negative CBM-A.  These findings, and many corroborating findings since (Hakamata et al., 2010)  

suggest that selective attentional response to negative information causally influence emotional 

reactivity to stressful events.   

Modifying interpretation bias 

Cognitive bias modification techniques targeting interpretation bias (CBM-I) similar have 

built on existing interpretation bias assessment tasks to produce a change in bias. For example, 

Mathews and Mackintosh (2000) presented a large set of ambiguous scenarios which each could be 

interpreted in either a negative or benign manner.  On each trial of this task, participants read a 
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textual description of such an ambiguous scenario which concludes with an incomplete word-

fragment.  They are then required to rapidly solve this word fragment to provide a meaningful 

ending to the scenario.  In the interpret-negative CBM-I condition the fragments yield words that 

provide such a meaningful ending only if the ambiguous scenario has been interpreted negatively.  

In the interpret-benign CBM-I condition the fragments yield words that provide meaningful 

completions to scenarios only if they have been interpreted in a non-negative manner.  Across five 

studies, Mathews and Mackintosh (2000) confirmed that participants consistently came to exhibit 

the pattern of selective interpretation these experimental contingencies were designed to 

encourage.  This seminal work has formed the foundation upon which subsequent CBM-I research 

has been built.   

To assess whether interpretation bias causally contributes to emotional vulnerability, 

researchers have assessed the impact of CBM-I on emotional reactions to a subsequently 

administered stressor task. For example, following exposure to either the interpret benign or 

interpret negative training conditions, participants in a study by Wilson, MacLeod, Mathews, and 

Rutherford (2006) viewed four brief video clips depicting emergency situations in which a victim is 

injured but is ultimately rescued. Consistent with the hypothesis that interpretive bias causally 

underpins emotional vulnerability, participants exposed to the interpret-benign and interpret 

negative CBM-I conditions came to exhibit differentially intense emotional responses to the 

subsequent stressor.  Wilson et al. found that immediately following completion of the alternative 

CBM-I conditions, but prior to exposure to the video stressor, participants who had received the 

alternative CBM-I conditions did not differ in mood state.  However, following the video stressor 

those who had undergone the interpret-negative CBM-I showed significant elevations on measures 

of state anxiety and depression while those who instead had undergone the interpret-benign CBM-I 

did not evidence significant elevations of either anxiety or depression in response to this stressor.  

Interpretive bias does, therefore appear to causally contribute to emotional vulnerability, as 

revealed by emotional reactivity to current stressful events. 

Research questions 

Given that it is possible to specify the optimal pattern of attentional response to threat (see 

Theme 1), it would be of significant practical value if techniques could be developed to effectively 

train these adaptive cognitive styles for specific stress-inducing events such as bushfires. If this 

cognitive training results in an adaptive pattern of emotional and behavioural responding, the 

application of such cognitive training tasks to individuals exposed to bushfire risk should directly 

enhance their engagement in the constructive planning and behavioural preparation necessary to 



24 
 

minimize the prospect of harm. Therefore, in this project, we have further investigated the 

modification of selective information processing to affect emotion and behaviour. Specifically, we 

have sought to induce a pattern of attentional bias previously identified in Study 1.1 to be associated 

with better preparedness behaviour, and investigate its effect on the efficacy of warning messages 

in promoting preparedness behaviour (Study 2.1).  In addition, we have investigated the effect of 

CBM-I on prevention/protection behaviour (Study 2.2). Moreover, we have aimed to develop new 

CBM approaches and refine existing CBM approaches, as to ensure they are suitable for remote 

delivery to people facing chronic threats (Study 2.3 – 2.5).  

Study 2.1 Attentional bias modification in residents of bushfire-prone communities 

Some individuals display a pervasive tendency to attentionally avoid threat cues and hence 

may find themselves underprepared when the time comes for decision-making and action. 

Conversely, others display attentional vigilance for threat cues. This attentional style results in high 

levels of anxiety, but is also thought to be more conducive to adaptive planning and preparation in 

risky environments. However, in our own previous work, we have shown that people living in 

bushfire prone areas who show attentional vigilance for threat-related information had lower levels 

of bushfire preparedness than people who show attentional avoidance for those threat cues. 

Researchers in the domain of experimental psychopathology have recently shown that selective 

attentional responses to threat can be modified using a newly developed cognitive technology, 

called attentional bias modification (ABM). Therefore, the aim of Study 2.1 was to investigate (1) if 

attentional bias to threat can be remotely manipulated in bushfire exposed community members, 

and (2) if so, does ABM moderate the impact of bushfire warning messages on resulting levels of 

worry and preparedness intentions? 

Study 2.2 Increasing worry through interpretive bias modification to drive adaptive 

behaviour 

A lack of behavioural engagement in health promotion or disease prevention is a problem 

across many domains in life, including in the domain of bushfire preparedness. In these cases where 

people face a genuine danger, a reduced focus on threat and low levels of anxiety or worry are 

maladaptive in terms of promoting protection or prevention behaviour. Therefore, it is possible that 

increasing the processing of threat will increase worry and thereby enhance engagement in adaptive 

behaviour. Laboratory studies have shown that cognitive bias modification (CBM) can increase or 

decrease anxiety and worry when increased versus decreased processing of threat is encouraged. In 

Study 2.2, CBM for interpretation (CBM-I) is used to target engagement in sun protection behaviour. 

The goal was to investigate whether inducing a negative rather than a positive interpretation bias for 
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physical threat information can enhance worry elicited when viewing a health campaign video 

(warning against melanoma skin cancer), and consequently lead to more adaptive behaviour (sun 

protection). 

Study 2.3. Emotion-in-motion: testing the efficacy of a new attentional bias 

modification task 

 Attentional bias modification studies have generally succeeded in altering emotional states 

when they have successfully induced differential patterns of attentional bias. However, the required 

attentional change has not always been achieved. Most studies that have examined the 

effectiveness of ABM have implemented the modified dot-probe task to produce the intended 

attentional bias change. This task was the first ever ABM task, implemented in a single-session 

design aimed to answer the question whether attentional bias causally contributes to anxiety 

vulnerability. As such, it is most likely not the best possible task to implement in applied settings. 

Several researchers have expressed the need for new ABM tasks to be developed for 

implementation in applied settings, which produce a more robust change in attentional bias than the 

traditional dot-probe task. The aim of Study 2.3 was to test the effectiveness of a newly developed 

ABM task in modifying patterns of attentional bias, and affecting emotional vulnerability. 

Study 2.4 The effect of explicit instruction on the efficacy of attentional bias 

modification 

There is growing evidence that cognitive bias modification procedures targeting attention 

(CBM-A) can alter anxiety reactivity in the laboratory, and also can yield therapeutic benefits for 

clinically anxious patients. These promising findings underscore the need for investigators to 

delineate the conditions under which CBM-A procedures are effective. In Study 2.4 we conducted 

two experiments to empirically determine whether CBM-A continues to be effective when 

participants are informed of the training contingency and instructed to actively practice the target 

pattern of attentional selectivity. These experiments were designed to address two key questions 

relating to this issue. First, if participants are informed of the training contingency and instructed to 

practice the target pattern of attentional selectivity, then will the CBM-A manipulation still 

effectively modify attentional response to negative information? Second, if it does still modify 

attentional response to negative information under these conditions, then will this change in 

attentional selectivity still serve to alter anxiety responses to a stressful experience? 



26 
 

Study 2.5 Targeted CBM: attentional training for pre-sleep worry-related sleep 

disturbance 

Attentional bias modification (ABM) research has shown that within clinically-anxious 

populations attentional modification is associated with a significant attenuation of attentional bias 

to threat and a reduction in chronic anxiety symptoms. Typically, these studies have delivered 

repeated sessions of ABM in order to obtain long lasting benefits. However, recent failures of ABM 

highlight the need for researchers to closely examine the conditions under which ABM is likely to be 

most effective. Therefore, the aim of Study 2.5 was to investigate whether the emotional benefits of 

ABM might be best realised when these procedures are delivered at a time when biased attention to 

threatening information is likely to be most acutely problematic, and thus its attenuation most 

beneficial. To this end, we sought to examine whether the delivery of ABM at a carefully targeted 

point in time (i.e., immediately before sleep) can yield specific benefits in sleep-related worry and 

insomnia for a group of participants who identified as experiencing such difficulties in relation to 

sleep disturbance. 

  



27 
 

3. OVERVIEW OF STUDIES 

 

In this section, we will for each study give a detailed overview of the state of research 

knowledge at the time of conducting the study. As the different studies cover different domains of 

the broader cognition and emotion research field, each study section will provide a general overview 

first, before identifying important gaps in the current knowledge. This will lead to a detailed 

description and justification of the current research aim for each study, followed by the hypotheses 

derived from previous theoretical and empirical work.  

An overview of the design and procedures involved in each study is described next, and 

where appropriate, links to published material or more detailed descriptions made available in 

Appendices are provided.  

All participants provided their informed consent, and were informed that they could 

terminate the experiment at any time. All studies were approved by the ethical committee of the 

University of Western Australia. 

A summary of the results is described for each study. Effect sizes for interactions are reported 

as etap
2; effect sizes for simple effects are reported as Cohen’s d. For etap

2, an effect size of 0.01 is 

considered a small effect, 0.06 is considered a medium effect, and 0.14 is considered a large effect. 

For Cohen’s d, an effect size of 0.2 is considered a small effect, 0.5 is considered a medium effect, and 

0.8 is considered a large effect (Cohen, 1988) .  

After the description of the results, an interpretation of these results in light of previous 

knowledge is discussed. We highlight how the new knowledge that was obtained from these studies 

contributes to the state of knowledge in the field, whether the findings enhance the theoretical 

understanding of a particular research area, or whether they contribute to practical advancements in 

this field. Where findings were not in accordance with the hypotheses or existing literature, potential 

explanations for such discrepant findings are offered. In order to ensure accurate interpretation of 

the findings, potential limitations of the studies conducted are described. In addition, for each study, 

multiple directions for future research are offered. 

For studies that had not yet been published at the time of the release of the final report, 

findings are summarised rather than described in detail, in order not to compromise the ability to 

submit these findings for publication.  
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Theme 1: The effects of anxiety on the processing 

of threat-relevant information 

Study 1.1 Anxiety, worry, and cognitive biases in residents of a 

bushfire prone community 

Research in the domain of health psychology has shown that affective processes (anxiety 

and worry) play an important role in the adoption of risk prevention behaviour. Anxiety is seen as a 

drive for behaviour (Barlow, 2002), and also worry is often seen as a motivating factor (for a review, 

seeMcCaul, Branstetter, Schroeder, & Glasgow, 1996). The majority of studies investigating the 

relationship between worry and health protection or risk prevention behaviour have shown that 

higher levels of worry are associated with higher levels of adaptive behaviour.  

Recent advances in the field of experimental psychopathology have identified that anxiety 

and worry are associated with several biases in the processing of information about threat. It has 

been shown that these cognitive biases causally influence the experience of anxiety and worry, in 

that enhancing these biases leaves people more vulnerable to becoming anxious and worried (for an 

overview, seeMacLeod & Clarke, 2013). Two types of cognitive biases have commonly been 

investigated: attentional bias and interpretation bias. Attentional bias refers to the degree to which 

people automatically attend to negative, threatening information (MacLeod et al., 1986). 

Interpretation bias refers to the degree to which people interpret ambiguous information in a 

negative manner (Mathews & Mackintosh, 2000).  

These processes are typically studies in people suffering from dysfunctionally high levels of 

anxiety and worry, and have not yet been studies in populations where anxiety and worry might 

adaptively contribute to behaviour. Therefore, the aim of the current study was to investigate how 

these biased cognitive patterns are associated with individual differences in anxiety, worry, and 

bushfire preparedness behaviour in people living in bushfire prone areas.  
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Figure 1. Schematic representation of two dot-probe trials 

A commonly 

used paradigm to 

assess selective 

attentional bias to 

threat, is the dot-probe 

paradigm (MacLeod et 

al., 1986). This task 

involves the 

presentation of two stimuli of differing emotional valence (e.g. negative and neutral) followed by a 

target that needs to be identified, see Figure 1. An attentional bias towards threat can be inferred if 

the time to identify the target is shorter on trials where the target is presented in same location as 

the negative information than on trials where the target is presented at the opposite location.  

A commonly used paradigm to assess interpretation bias is by presenting participants with a 

range of scenarios that are ambiguous in valence (Mathews & Mackintosh, 2000). That is, they can 

all be interpreted in a benign or in a threatening manner. The example of such a scenario is ‘You and 

a colleague catch up during the coffee break. Your colleague tells you they took their daughter to 

see a GP. The doctor investigated Emily’s growth.” In the second part of the task, a positive and 

negative disambiguation of each scenario is presented, and participants are asked to indicate how 

much each of these resembles the original scenario. A negative interpretation bias can be inferred if 

“The doctor examined Emily’s tumour” is rated as more familiar than “The doctor assessed Emily’s 

height”. 

Hypotheses 

H1: If anxiety and worry indeed motivate action, we expect to find a positive correlation 

between anxiety/worry and preparedness intentions at the start of the fire season, and a negative 

correlation between anxiety/worry and actual preparedness. 

H2: Heightened anxiety will be associated with an attentional bias towards threat (MacLeod 

et al., 1986), and a negative interpretation bias (Eysenck et al., 1991). 
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Participants 

Thirty-nine residents of a bushfire prone area that was severely affected by a fire in the 

previous fire season participated in the study. Participants (19 female) were recruited from a 

database of people who had previously indicated their willingness to participate in future studies. 

Mean age was 56.13 years, SD = 12.9. Participants on averaged had lived in their current property 

for 12.02 years (SD = 9.8) and in the current town for 19.1 years (SD = 11.9). 

Method 

Questionnaires 

State and trait anxiety were measured using the State-Trait Anxiety Inventory (Spielberger, 

Gorsuch, Lushene, Vagg, & Jacobs, 1983), and worry was assessed using the Worry Domains 

Questionnaire short form (WDQ-SF: Stober & Joormann, 2001). This scale was altered to include 7 

questions on bushfire worry.  

Behavioural preparedness was assessed with a 64-item measure that listed activities people 

can carry out to prepare their property for bushfires. For each item, people were asked to indicate 

how likely it was they would carry out this activity before the start of the fire season. The response 

scale was as follows: 1: Definitely not, 2: Very probably not, 3: Probably not, 4: Possibly/possibly not, 

5: Probably, 6: Very probably, 7: Definitely will do (but have not yet done it), 8: Have already done 

this, 9: N/A. A behavioural intentions measure was calculated by adding the numerical values of the 

items in which people responded 1 to 7, and dividing the resulting number by 64 minus the number 

of items where people ticked 8 or 9. An actual behaviour measure was calculated by summing the 

number of items on which people ticked 8, divided by 64 minus the number of items where people 

ticked 9: N/A. A request was sent out to all participants to fill out the same preparedness measure at 

the end of the fire season, to which 14 participants replied.  

Attentional bias 

Forty-eight threatening-neutral word pairs were created. For half of the word pairs, the 

threatening word was fire related (e.g. SCORCHED – BOOKCASE), for the other half the threatening 

word related to general threat (e.g. HATE – TEXT). The threatening and neutral words of a pair were 

matched for word length and frequency. The set of fire related threatening words and general 

threatening words were matched for valence.  

On each trial a fixation cross was presented for 1000ms, after which a word pair was 

presented for 500ms. Next two red dots appeared either aligned horizontally (. .) or vertically (:). 
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Participants were asked to indicate the orientation of the dots by mouse click. The inter trial interval 

was 1000ms. The dots replaced the threatening word on half of the trials, and the neutral word on 

the other half. Each word pair was presented 4 times, totalling 192 trials. 

Interpretation bias 

For the assessment of interpretation bias, thirty-six ambiguous scenarios were crated, were 

the ambiguity laid in whether the outcome was positive or negative. Half of the scenarios were fire 

related, the other half fire unrelated. Examples of these scenarios can be found in the table below.  

An example of an ambiguous fire-related scenario reads as follows: “The local fire 

department has conducted a routine inspection of your property and you are surprised at the result 

of the report left in the mailbox.” An example of an ambiguous fire-unrelated scenario reads as 

follows: “You give a presentation to a small audience and they laugh at what you’re saying.” 

Each of these scenarios was recorded in a male voice and presented auditory through 

headphones. Participants were asked to image themselves in the situation described. After each 

scenario, participants were asked to rate the pleasantness of the situation, from 1 (very unpleasant) 

tot 9 (very pleasant).  

Procedure 

Participants were tested in a local community centre by appointment. They were first 

informed about the materials, tasks and types of questions asked, after which they gave their 

informed consent. Participants then completed the STAI and worry questionnaires. Next, they 

performed the attentional bias task. This was followed by the combined interpretation 

bias/imagery/memory bias task, and the recognition memory test. The session ended by participants 

filling out the preparedness measure. Participants were given a 10$ voucher as a token of 

appreciation for their time and effort. The duration of the entire experiment was highly variable, 

ranging from one hour to three hours. 

Results 

In order to explore the relationship between the emotional variables (anxiety and worry), 

the cognitive variables (measures of cognitive biases), and preparedness, a cluster analysis was 

performed. Cluster analysis meaningfully identifies groups of people that are similar to each other 

but different from individuals in other groups.  

A hierarchical cluster analysis was performed using Ward’s method applying squared 

Euclidean Distance as the distance measure. The variables included in the analysis were trait anxiety, 
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fire-related worry, fire-unrelated worry, attentional bias to fire-related threat, attentional bias to 

fire-unrelated threat, interpretation bias for fire-related threat, and interpretation bias for fire-

unrelated threat. Thus, people were clustered into groups according to their patterns of cognitions 

and emotion.  

Visual inspection of the data revealed two clusters of people. There were significant or 

marginally significant differences between the two clusters on all variables, except attentional bias 

for fire-unrelated threat.  

People in the first cluster had higher levels of trait anxiety and worry as compared to people 

in the second cluster. These people also showed a bigger attentional bias to fire-related threat and a 

more negative interpretation bias for both fire-related and fire-unrelated threat as compared to 

people in the second cluster. Interestingly, people in the first cluster were worse prepared, but had 

higher preparedness intentions than people in the second cluster, both at the start and at the end of 

the fire season. 

These results seem to indicate that people exposed the genuine danger who show cognitive 

biases favouring the processing of threat also have higher levels of anxiety and worry, which is 

consistent with previous research. Moreover, these people also show lower levels of bushfire 

preparedness, indicating that these heightened emotions and cognitive biases may again be 

considered maladaptive for appropriate action. 

Discussion  

Patterns of anxiety and worry were similar, even though the literature predicts divergent 

patterns regarding their relationship to behaviour. It is likely that more specific measures of anxiety 

and worry (such as anxiety reactivity versus perseveration, or catastrophising worry versus problem-

solving worry) will produce different effects. This needs to be further investigated.  

With regards to potential cognitive constructs underlying anxiety, worry and bushfire 

preparedness, results from the current study indicate that attentional bias and interpretation bias 

are worth attending to. Attentional vigilance to threat was associated with higher levels of 

preparedness at the end of the fire season. Attentional bias to threat is most often investigated in 

people with clinical or subclinical levels of anxiety and worry and thus seen as a maladaptive 

process. Excessive vigilance to minor or unimportant threats may only fuel unnecessary anxiety and 

worry. However, it is likely that this attentional process has evolved because of its adaptive value in 

situations where there is a genuine danger. A quick detection and identification of real threats 

allows for a fast appropriate response which benefits survival. In this context, attentional vigilance 
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for threat in people living in bushfire areas can be considered an adaptive process. The question 

arises why attentional vigilance for fire related information did not show the same, or even a 

stronger relationship with preparedness. Although the words that were used in the attention task 

were rated and selected based on their relevance to bushfires, these ratings were not performed by 

people living in bushfire prone areas. A direction for future research would be to obtain bushfire 

relevance ratings from these residents.  

Anxiety was associated with a negative interpretation bias for fire related ambiguous 

scenarios. Negative interpretation bias has also causally been implicated in the development and 

maintenance of anxiety disorders. As with attentional bias, such a bias is maladaptive when there is 

no cause for concern but can become adaptive when genuine danger is involved. When someone 

living in a bushfire prone area sees a plume of smoke coming from over the hill on a hot and windy 

summer day, it would be more adaptive to interpret this as a potential starting bushfire than as the 

result of burnt toast. 

Future research should aim at establishing the causal relationship between these cognitive 

biases, and emotion and preparedness. If attentional vigilance causally underlies preparedness, 

enhancing attentional bias to threat should further increase adaptive behaviour, whereas 

encouraging attentional avoidance of threat should reduce adaptive behaviour. Similarly, if a 

negative interpretation bias is the cause, rather than a consequence of anxiety, encouraging a more 

negative interpretation bias should increase levels of anxiety whereas encouraging a more positive 

interpretation bias should decrease levels of anxiety. 

 Several practical issues hampered the data collection and should thus be considered when 

interpreting and generalising the current findings. First, the sample size is small. This is in part due to 

testing taking place at week days. Even though a lot of effort was put in to accommodate interested 

potential participants (testing at a local community centre, outside office hours), the whole battery 

of tests took up a lot of time that was difficult for people to spare during the week. As a result, the 

age distribution of our sample was skewed to the right. This does not necessary present a problem 

for the representativeness of the sample, as urban-rural fringe areas tend to be inhabited by older 

populations. The age distribution in the current sample did pose a problem for the computer based 

assessment of the cognitive tasks. Many people had limited or no experience with computers, and 

even though the tasks only required a mouse click or ticking boxes on the screen, the level of 

computer illiteracy is likely to have introduced considerable noise in the data. Because the 

assessment of biased cognitive processing is necessarily computer based, future research should 

take this into account. In addition, since time was the main constraint that rendered people unable 
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to participate or caused people to drop out, future research should look into making the task better 

available. Ideally, the tasks would be delivered online so people can participate from home at their 

own convenience. The follow-up assessment of preparedness at the end of the fire season was only 

completed by 14 participants, hence these results should be interpreted with caution. There were no 

significant differences between completers and non-completers in age, preparedness levels pre fire 

season or in levels of worry, however participants who completed the second preparedness 

assessment had marginally lower levels of state anxiety (M = 27.9, SD = 10.6) than participants who 

did not complete the second assessment (M = 35.5, SD = 12.9; p = .077). Hence, participants who 

completed the second assessment may not be a representative sample. 

Second, the battery of tests took a long time to complete. The duration varied between one 

and three hours. Age and computer literacy had a big influence on this variance. Even though breaks 

were provided, when taking a long time to complete the tests participants may have lost the 

motivation and concentration to perform the tasks according to the instructions. Future research 

should limit the number of tasks included and the total duration of the tests.  
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Study 1.2 Anxiety and attentional processing of threat when dangers 

are or are not mitigable 

Threat cues signal the possibility of a negative event or danger. It can be useful to attend to 

threat cues signalling danger, when this danger can be readily mitigated. Such attentional vigilance 

for threat is likely to have evolved because it will plausibly facilitate engagement in the appropriate 

danger mitigation behavior (Mogg & Bradley, 1998; Ohman & Mineka, 2001). In contrast, 

attentionally avoiding such threat cues can decrease the likelihood that avoidable danger will be 

accurately identified, and so may increase risk of harm.  

A second factor that contributes to the determination of attentional responding to threat 

cues is temperamental. Higher levels of dispositional anxiety are reliably associated with increased 

attentional vigilance for threat cues. (Bar-Haim et al., 2007; Mogg et al., 2000; Williams, Mathews, & 

MacLeod, 1996).  

Thus, two quite different factors plausibly contribute to the determination of attentional 

responding to threat cues, whether or not danger can mitigated, and dispositional anxiety. However, 

the nature of this joint function remains unknown and often unspecified in cognitive models of 

emotion (such as Eysenck, Derakshan, Santos, & Calvo, 2007; Mathews & Mackintosh, 1998; Mogg & 

Bradley, 1998; Ohman & Mineka, 2001). In addition, several authors have made the claim that 

elevated trait anxiety and some types of clinical anxiety disorders are associated with a general 

attentional bias to threat, meaning across different contexts (Becker, Rinck, Margraf, & Roth, 2001; 

Cisler et al., 2009; Maidenberg, Chen, Craske, Bohn, & Bystritsky, 1996). Such claims about the 

generality of attentional bias may be fundamentally misguided if the opportunity for danger 

mitigation mediates the relationship between anxiety and attentional bias to treat cues (MacLeod & 

Grafton, 2014).  

This question also has important applied implications. Both in conventional cognitive 

behavioral therapy and in attentional bias modification procedures, therapeutic emphasis is placed 

on changing maladaptive patterns of cognition in anxiety patients, including attentional vigilance to 

threat (MacLeod & Clarke, 2013; Tobon, Ouimet, & Dozois, 2011). This presupposes that an 

attentional bias to threat is maladaptive. However, if such anxiety-linked attentional bias is 

restricted to threat cues signalling dangers that can be mitigated, then this bias may serve an 

adaptive function, and targeting it for change may be counter-productive.  

In the relationship between trait anxiety, the opportunity for danger mitigation, and 

attentional bias to threat, two alternative hypotheses can logically be distinguished. One hypothesis 
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is that these situational and temperamental factors determine attentional bias to threat cues in an 

additive manner. An alternative hypothesis is that they interactively determine attentional bias to 

threat. There are two variants of this interactive possibility. The first is that high trait anxious 

individuals may display greater attentional vigilance than low trait anxious individuals only to threat 

cues signalling danger that cannot be mitigated (with everyone, regardless of trait anxiety level, 

displaying equivalent attentional vigilance for threat cues signalling mitigable danger). If so, then the 

inflated anxiety levels experienced by high trait anxious individuals plausibly may result from their 

maladaptive attentional vigilance for threat that they can do nothing about. In contrast, the second 

interactive possibility is that high trait anxious individuals may display greater attentional vigilance 

than low trait anxious individuals only to threat cues signalling danger that can be mitigated (with 

everyone, regardless of trait anxiety level, tending not to display  attentional vigilance for threat 

cues signalling danger that cannot be mitigated). If so, then the inflated anxiety levels experienced 

by high trait anxious individuals plausibly may result from an adaptive attentional pattern that 

optimizes detection of threats signalling danger that can be controlled. As yet, the validity of these 

important alternative hypotheses has not been determined. The present study seeks to remedy this 

situation.  

To do this, we compared attentional vigilance to threat cue in high and low trait anxious 

participants under experimental conditions that either did or did not enable participants to mitigate 

the danger signalled by these cues. High and low trait anxious participants completed a task in which 

attentional bias to threat cues was measured (based on Notebaert, Crombez, Van Damme, De 

Houwer, & Theeuwes, 2011) and a simple digit identification task in which the capacity to mitigate 

the danger signalled by the threat cue was manipulated. Specifically, half the participants were able 

to avoid delivery of the signalled noise burst at the end of the trial by fast and accurate responding 

on the digit identification task, whereas this was not the case for the other half of the participants.  

Analysis of the attentional bias task will serve to reveal whether trait anxiety, and the 

opportunity to mitigate the danger signalled by these threat cues, additively or interactively 

contribute to the determination of attentional vigilance for the threat cues. If their influence is 

found to be interactive, then the pattern of latencies will reveal whether this reflects the restriction 

of the anxiety-linked attentional bias to threat cues signalling danger that can be mitigated, or to 

threat cues signalling danger that cannot be mitigated.    

Participants 

Eighty-two students of the University of Western Australia participated in partial fulfillment 

of course credit.  
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Method 

The task contained 420 trials, each of which consisted of two components. The first part of 

each trial involved a probe discrimination decision and was used to measure attentional selectivity 

for a threat cue. This threat cue was a circle in one particular color which predicted the delivery of an 

aversive white noise burst. There were three types of trials  (1) On threat congruent trials, threat cue 

was present, and the target probe was presented in the locus of this circle; (2) On threat incongruent 

trials, the threat cue was present, and the target probe was elsewhere; (3) On baseline trials, the 

threat cue was not present. Faster responding on threat congruent trials as compared to threat 

incongruent trials is indicative of an attentional bias to threat. 

In the second component of each trial participants were given a simple digit identification 

decision, which in one condition (the mitigation condition) was designed to give participants the 

opportunity to mitigate the danger. For these participants, fast and accurate performance of the 

digit identification task meant the aversive would be avoided. Participants in the no mitigation 

condition were also required to perform the digit identification task, but this had no consequences 

for the delivery of the noise burst. For further detail on the methods and procedure in this task, 

please refer to Appendix A.  

Results 

A median split on trait anxiety scores obtained at the time of testing was used to divide 

people into a low and high anxiety group.  

To investigate the way in which 

trait anxiety and the opportunity to 

mitigate danger signalled by threat cues 

operate to determine attentional vigilance 

for such cues, a mixed design ANOVA was 

conducted on mean probe discrimination 

latencies. This ANOVA included Danger 

Mitigation Condition (mitigation versus no 

mitigation) and Trait Anxiety (high trait 

anxiety versus low trait anxiety) as between 

subjects variables and Trial type (threat 

congruent versus threat incongruent versus 

baseline) as the within subjects variable. 

Figure 2. Mean attentional bias index (in ms) for 
high anxious and low anxious participants in the 
mitigation and no-mitigation condition. Error bars 
represent standard errors of the mean. 
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Important to the current hypotheses, there was a significant interaction involving Danger Mitigation 

Condition, Trait Anxiety, and Trial type, F(2,70) = 3.66, p = .04, see figure 2.  

In order to illuminate the nature of the higher order interaction the significance of the 

simple two way interaction of Trait Anxiety and Trial Type was computed separately under each of 

the two Danger Mitigation Conditions. This revealed that the three way interaction reflected a 

significant two way interaction in the mitigation condition, F(2,35) = 4.27, p = .022, but not in the no 

mitigation condition, F < 1. Mean contrasts were carried out to clarify the nature of this simple two-

way interaction observed under the condition where danger mitigation was possible. An attentional 

bias to threat can be inferred by subtracting reaction times on threat congruent trials from reaction 

times on threat incongruent trials. A larger difference indicates a bigger attentional bias to threat 

cues. This attentional bias was significantly greater in high anxious participants, (M = 394ms, SD = 

418) than in low anxious participants, (M = 119ms, SD = 215ms), t(36) = 2.58, p = .015, Cohen’s d = 

.83 (large effect).   

Discussion 

The results of the present study provide support for an interactive relationship between 

anxiety and the opportunity for danger mitigation when determining attentional bias to threat. 

Specifically, our findings demonstrate that that the opportunity for danger mitigation amplified the 

anxiety-linked attentional bias to threat. This finding suggests that heightened anxiety vulnerability 

may be associated with an enhanced sensitivity to threats signalling danger that can be mitigated. 

Because a subjective lack of control is a core feature of anxiety (Barlow, 2002), high anxious people 

may be hypersensitive to opportunities to mitigate potential dangers. Thus, when high anxious 

people are presented with threat cues signalling dangers that they can actively control, they might 

be more likely than low anxious people to attend to them.  

These findings could call into question the commonly held assumption that anxiety-linked 

attentional bias to threat should be considered a maladaptive style of information processing. If 

individuals with heightened anxiety vulnerability are more vigilant for threat cues signalling danger 

that can be mitigated, this could potentially ultimately operate to reduce the degree to which high 

trait anxious people encounter such dangers. However, this heightened vigilance will only be 

adaptive if the resulting benefits in terms of risk mitigation outweigh the emotional cost (i.e. 

increase in anxiety) associated with this vigilance. In line with this, it should be noted that in the 

present study participants’ enhanced attention to threat cues signalling mitigable danger did not 

make high trait anxious participants being more successful in avoiding the noise bursts than low 

anxious participants. Heightened vigilance for cues signalling dangers that can be mitigated can thus 
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be maladaptive, if the benefits in term of risk mitigation are not exploited. Determining whether or 

not anxiety is indeed associated with a maladaptive trade-off between the costs of heightened 

vigilance on the one hand and the benefit of effective danger mitigation behaviour on the other 

hand, is therefore an important new avenue for future research.  

Further research could also inform and refine existing cognitive models of anxiety, which 

currently do not account for differential attentional biases operating depending on the mitigability 

of upcoming dangers. For example, Mogg and Bradley (1998) proposed a cognitive-motivational 

analysis of anxiety, in which the Valence Evaluation System (VES) is responsible for assessing the 

threat value of a stimulus. A stimulus with a high threat value will cause the Goal Engagement 

System (GES) to switch to the „danger mode‟, which interrupts ongoing activities and allocates 

processing resources (such as attention) to the threat. It is proposed that the VES is more reactive in 

anxiety-prone individuals, such that a mildly aversive stimulus may be tagged with a high subjective 

threat value. Although danger mitigability is not accounted for in the model, it could in principle 

influence either of these systems. Clearly, more research is needed to optimise our understanding of 

attentional responding to threat cues in anxiety in different contexts. 

Of course, the present study is not without some limitations. One such limitation is that the 

danger mitigation response in this study did not require the use of information contained in the 

threat cue. This is representative of many real life circumstances, where the means of mitigating 

dangers signalled by threat cues are independent of the detailed information contained within the 

threat cue. Thus, for example, when a fire warning (threat cue) is issued by the authorities, 

indicating that the risk of forest fires is high, the actions that can be adaptively taken by residents of 

that area to mitigate the danger of fire damage to their property (such as checking fire breaks, and 

soaking gutters) do not depend on detailed information contained within the threat cue itself. 

However, there are some real world situations where threat cues signalling danger do contains 

detailed information vital to effective danger mitigation. For example, if the threat cue is a small 

scrub fire travelling a path likely to bring it close to a dwelling, then the capacity of the dwelling 

resident to mitigate the risk of fire damage to their property will depend on information contained 

within this cue (such as the size of the fire, whether it is growing or waning, the trajectory of its 

movement etc.).  

It does not seem unlikely that, when successful danger mitigation requires effective use of 

detailed information contained with threat cues signalling such danger, patterns of attentional 

responding to these threat cues selectivity could be quite different to those observed in the present 

study. An intriguing avenue for future research would thus be to extend the investigation of anxiety-
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linked attentional responding to threat cues of this latter type, which themselves supply the detailed 

information necessary to engage in effective danger mitigation. Under these circumstances it may 

be that low trait anxious, as well as high trait anxious display an attentional bias to threat cues.    

For the moment though, we can conclude that anxiety-linked attention to threat cues is 

moderated by the capacity to mitigate the danger signalled by such threat cues. The current study 

was the first to investigate the relationship between trait anxiety and danger mitigation, in 

determining attentional bias to threat cues. It provides clear evidence that these two variables 

interactively determine attentional responding to threat cues. This study therefore paves the way 

for a whole new line of research examining the role of the opportunity for danger mitigation in 

anxiety-linked attentional responding to threat. 
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Study 1.3 Anxiety and attentional processing of threat in older versus 

younger adults  

While the existence of anxiety-linked attentional biases towards negative information is well 

established, it remains unclear which components of selective attention underlie this bias. It is 

possible that the increased vigilance for negative information that has been observed in people with 

heightened anxiety vulnerability could reflect a tendency rapidly to engage initial attention with 

negative information. Alternatively, it may be that, once attention has been captured by a negative 

stimulus, those with heightened anxiety show a deficit in disengaging attention from this stimulus. 

That is, anxiety-linked attentional biases may reflect an engagement bias, a disengagement bias, or 

both. 

The distinction between biased attentional engagement and disengagement is of both 

theoretical and clinical importance. Computer-based attentional bias retraining procedures have 

been shown to modify patterns of selective attention, with promising results in terms of anxiety 

reduction (Bar-Haim, 2010). This promise will only be fully realised, however, when attentional bias 

modification procedures precisely target those specific aspects of attentional selectivity that 

underlie heightened anxiety vulnerability. 

While recent research has attempted to differentiate attentional engagement and 

disengagement, methodological limitations of previous tasks have compromised the capacity to 

draw clear conclusions. Ideally, to assess attentional engagement bias, a task would measure the 

relative speed of participants to move attention from an initially attended locus towards a 

differentially valenced stimulus, which they are required to process, appearing at an attentionally 

distal location. To assess attentional disengagement bias, the task would instead measure the speed 

with which participants move attention away from an initially attended locus, within which they first 

processed differentially valenced information. 

MacLeod and Sadler (2012) recently developed a novel lexical decision paradigm, designed 

to assess engagement bias and disengagement bias separately. This task requires participants to 

make lexical decisions about pairs of letter strings, each of which appeared successively in a different 

screen location. Critical trials were those in which participants either made their first decision on an 

emotionally negative or neutral word and their second decision on a non-word in the opposite 

screen locus, or made their first decision on a non-word and their second decision on an emotionally 

negative or neutral word in the opposite screen locus. The dependent measure was always the time 

(ms) taken to make the second lexical decision. In ‘‘disengagement bias assessment trials’’, the 
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latency to make this second decision is influenced by the relative speed with which participants 

move attention away from the initially attended emotionally valenced words. In ‘‘engagement bias 

assessment trials’’, latency is influenced by the relative speed with which participants move their 

attention towards initially distal emotionally valenced words. 

In high and low trait anxious young adults, MacLeod and Sadler (2012) found that, on 

engagement bias assessment trials, high trait anxious participants were speeded to make their 

second lexical decision on trials presenting negative rather than neutral words, suggesting facilitated 

attentional engagement with negative information. In contrast, on disengagement bias assessment 

trials, high and low trait anxious participants did not differ in their relative speed to make the second 

lexical decision, when this involved moving attention away from an initial negative or neutral word, 

suggesting that heightened anxiety is not characterised by impaired disengagement from negative 

stimuli. 

The present study aimed to determine whether MacLeod and Sadler’s (2012) findings were 

replicable, and extended their original research in two important ways. First, by comparing negative 

words with positive words, rather than neutral words, this study was intended to reveal whether any 

observed anxiety-linked engagement bias is specific to negative (rather than general) emotional 

information. Second, by comparing younger and older adults, this study was intended to reveal 

whether there were age-related differences in anxiety-inked engagement or disengagement biases. 

There is increasing interest in selective attentional responding to emotional information in 

older adults, largely motivated by an apparent reduction of anxiety vulnerability, and the incidence 

of anxiety disorders, in this population (Jorm, 2000). Using a traditional dot-probe task Mather and 

Carstensen (2003) found that older adults demonstrated avoidance of threat stimuli on a dot-probe 

task, and that this pattern of attention was not present in younger adults. They also reported a trend 

in older adults towards vigilance for positive stimuli compared to younger adults. By comparing older 

and younger adults, we can establish not only whether Mather and Carstensen’s findings can be 

replicated, but can also whether the avoidance of threat effect reported represents an age-related 

increase in selective disengagement from or decline in selective disengagement with negative 

relative to positive information. 

If Mather and Carstensen (2003) are correct that older adults show reduced attention to 

negative information and vigilance for positive stimuli, then our older participants should show a 

pattern of performance indicating either reduced selective attentional engagement with negative 

stimuli, or increased attentional disengagement from negative information, compared to their 

younger counterparts. 
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Participants 

Cut-off scores on the State-Trait Anxiety Inventory (Spielberger et al., 1983) were 

established for inclusion in high and low anxiety groups (> 35 for the high trait anxious group (HTA), 

and < 32 for the low trait anxious group (LTA)). Each trait anxiety group consisted of 16 older adults 

and 16 younger adults, with approximately equal numbers of males and females yielding a total 

sample size of N=64. Younger participants (Mage = 18.88 years, SD = 1.86; range = 17-25) were 

recruited from undergraduate students studying introductory psychology at the University of 

Western Australia. Older participants (Mage = 69.22 years, SD = 7.61; range = 60-88) were recruited 

from the community. Analysis of variance confirmed that, as required, there was a main effect of 

Anxiety Group F(2, 59) = 702.37, p < .001, with those in the high anxiety group scoring significantly 

higher on the STAI-T, but there was no interaction between Anxiety Group and Age Group, F<1). 

Method 

The task consisted of 240 trials in which pairs of letter strings were presented. The letter 

strings could be either words or non-words, and the words could either have a positive or negative 

emotional tone. Participants were cued to attend to one of the letter strings (hidden behind a row of 

x’s), and asked to indicate whether the string was a word (right mouse press) or a non-word (left 

press). After a response was made, participants were cued to attend to the other letter string and 

again required to make a lexical decision, see Figure 3.  

Engagement bias assessment trials 

were those where a participant judged a 

non-word first, followed by a word 

(negative or positive). The key measure 

was the time taken to make a lexical 

decision after moving spatial attention 

from a meaningless non-word towards an 

emotionally valenced word. For these 

trials speeding would indicate facilitated 

engagement with the emotion word. If 

heightened anxiety is associated with 

facilitated attentional engagement with 

negative words, those in the HTA group 

should show measuring the speed with 

Figure 3. An example of an engagement bias 
assessment trial, measuring the speed with which a 
participant engaged with a negative word. In a 
disengagement bias assessment trial the word 
appeared first, followed by a non-word. 
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which a participant engaged with a negative word.  

In a disengagement bias assessment trial the word appeared first, followed by a non-word. 

The key measure was the time taken to make a lexical decision after moving spatial attention from 

an emotion word (negative or positive) to a non-word. For these trials, a slowing would suggest a 

deficit in disengaging attention from the emotion word. If heightened anxiety is associated with a 

deficit in disengaging attention from negative words, those in the HTA group should show slowed 

attentional disengagement for negative words, relative to positive words, and this should be 

disproportionately evident in the HTA participants relative to the LTA participants. 

Results 

For both disengagement and engagement bias assessment trials a 2-2-2 mixed design 

ANOVA was used to explore group differences in speed of disengagement from or engagement with 

emotional stimuli. The between-subjects variables were trait Anxiety Group (low/high) and Age 

Group (older/younger). The within-subject variable was Word Valence (negative words/positive 

words). The dependent variable was the speed of the second lexical decision for these trials. 

Disengagement bias assessment trials 

No differences were found in the speed with which participants disengaged from words of 

either valence (positive or negative), F(1, 60)=0.40, p=.528. The speed of disengagement from 

positive and negative words did not differ between Anxiety Groups, F(1, 60)=0.03, p= .865, or Age 

Groups, F(1, 60)=0.35, p=.555, and there was no interaction, F(1, 60)=0.47, p=.497. 

 

Engagement bias assessment trials 

The only significant effect 

obtained was the interaction between 

Valence and Anxiety Group, F(1, 60)=4.75, 

p=.033. This interaction is illustrated in 

Figure 4. The pattern of attentional 

responses illustrated in this interaction 

suggests that heightened anxiety is 

associated with a subtle deficit in engaging 

with positive words relative to negative 

words, as the high anxious sample was 

relatively slow to respond to positive when 

Figure 4. Latency for the second lexical decision for 
negative words and positive words in low and high trait 
anxiety groups for engagement bias assessment trials. 
Standard error bars are included. 
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compared to negative words. In the low anxious sample, the relationship between the mean 

response time for negative and positive words was in the opposite direction (relatively quicker to 

respond to positive than negative words). 

Contributions of state and trait anxiety 

An engagement bias index was calculated to assess the degree to which participants showed 

a speeding to shift attention towards the content of the negative words, relative to positive words. A 

positive score indicates a relative speeding up in shifting attention towards negatively valenced 

compared to positively valenced words (an engagement bias for negative words). This engagement 

bias index score was significantly positively correlated with trait anxiety, indicating that those with 

higher levels of trait anxiety shifted attention more rapidly towards negatively valanced words when 

compared to positively valenced words, r(62)=.25, p=.048. There was no significant correlation 

between state anxiety and the engagement bias index, r(62)=.11, p=.36. This confirmed that the 

observed anxiety-linked difference in engagement bias was uniquely associated with trait anxiety, 

and unrelated to the participant’s mood state at the time of testing. 

 

Discussion 

The results of this study showed no evidence for an anxiety-linked difference in 

disengagement. However, discrepant patterns of selective engagement between HTA and LTA adults 

were revealed. This group difference could represent an anxiety-linked slowing of attentional 

engagement with positive words relative to negative words, and/or it could represent more rapid 

engagement with positive words by low anxious participants. While inconclusive, there was a small 

trend in the results, which would be consistent with the interpretation that the anxiety group 

difference could be explained by the LTA group being faster to engage with positive relative to 

negative words. 

While further research is required to establish the nature of the observed anxiety-linked 

engagement bias more clearly, this is an interesting finding as it provides some support for the claim 

that elevated trait anxiety may not be associated with impaired disengagement from negative 

information and perhaps is associated with an anxiety-linked engagement bias. This conclusion is 

incongruous with the majority of past research in this field. Methodological limitations in previous 

research have typically confounded attentional engagement with and disengagement from 

emotional information, by failing to control whether this emotional information was presented distal 

from or proximal to initial attentional focus. The study reported in this paper used a modified lexical 

decision task to overcome these limitations.  
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Given that some research is directed at changing patterns of attentional bias in clinically 

anxious individuals, it would be interesting and important to determine whether the present finding 

of a possible anxiety-linked engagement bias rather than a disengagement bias could be replicated 

in a sample with clinically significant levels of anxiety. If these findings were replicated in clinically 

anxious samples, this would have implications for attention retraining techniques. Currently, such 

treatments are designed to reduce attentional preference for negative information in anxious 

individuals without regard for the relative contributions of biased attentional engagement and 

disengagement (MacLeod, Koster, & Fox, 2009). Indeed the tasks typically used in such retraining 

studies could potentially train changes in attentional engagement with negative material, 

disengagement from negative material, or both. Hence, if only one of these component processes of 

attention contributes towards attentional preference for negative information, the tasks in their 

present state may not be precisely targeting the appropriate attentional process.  

A supplementary purpose of this study was to investigate whether there were any age-

related differences in anxiety-linked attentional biases, given the findings of Mather and Carstensen 

(2003), which suggested that older adults show a more positive attentional bias than younger adults 

on a traditional dot-probe task. This study found no age differences in the relative speed with which 

younger and older adults engaged with, or disengaged from, emotional words (both positive and 

negative). Mather and Carstensen proposed that older adults show reduced attention to negative 

relative to positive information, compared to younger adults. The results of the present study fail to 

support this proposal, showing that, when matched for trait anxiety, there is no age-related 

difference in patterns of selective attention. Mather and Carstensen recruited participants based on 

age without consideration of trait anxiety levels. Thus, it is possible that the differences in 

attentional selectivity between the younger and older adults in their study simply reflected pre-

existing group differences in trait anxiety. The present study matched older and younger adults on 

trait anxiety scores to explore whether there are age-related differences in anxiety-linked 

attentional selectivity. This method of participant selection revealed that anxiety-linked attentional 

biases do not differ as a function of age. 

In summary, the current research has shown that, after overcoming previous 

methodological limitations, no support exists for the notion that heightened anxiety is associated 

with a deficit in disengaging attention from negative stimuli. The results of this study instead suggest 

that heightened anxiety is associated with an engagement bias. The present results do not allow 

clear conclusions about whether the anxiety group difference observed in engagement bias 

represented an anxiety-linked deficit in engaging with positive stimuli, an anxiety-linked speeding to 

engage with negative stimuli, or both. While future research is required to clarify this issue, and to 
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determine whether these results can be replicated in clinically anxious samples, this proposal holds 

significant promise. If further support is found for this proposal, future research should be aimed 

towards restructuring attentional retraining programmes to focus on modifying engagement rather 

than disengagement biases. The results of the current research also suggest that there are no age 

differences in anxiety-linked attentional biases when emotional stimuli must be processed. 
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Study 1.4 Anxiety, risk perception, and risk mitigation 

Risk perception is the ability to interpret information about risks in the environment with 

the purpose of mitigating potential dangers (Brewer et al., 2007). Research has shown that anxiety is 

associated with a bias in risk perception, in that people with high levels of trait anxiety tend to over-

predict negative outcomes (Butler & Mathews, 1987; Maner & Schmidt, 2006).  

There are many different factors that contribute to the perception of risk. These include the 

probability of the risk, the severity, the controllability of the risk, and a person’s susceptibility or 

vulnerability to the risk (Decruyenaere, Evers-Kiebooms, Welkenhuysen, Denayer, & Claes, 2000; 

Maner & Schmidt, 2006). The two components that have been studied most extensively are the 

probability and the severity of the risk. Risk probability refers to how likely it is a negative event will 

occur if no mitigating behaviour is performed. Risk severity conceptualises how ‘bad’ the outcome of 

a negative event will be, if no preventative or mitigating behaviour is performed (Weinstein, 2000). 

Both these components have been found to influence risk mitigation behaviour (Floyd, Prentice-

Dunn, & Rogers, 2000; Prati, Pietrantoni, & Zani, 2011).  

There is now an abundance of studies supporting evidence for biased risk perception in 

anxiety, showing both that anxiety is associated with heightened perceptions of the severity of 

potential negative events, and heightened perceptions of the likelihood of negative events 

happening (Butler & Mathews, 1987). 

A few exceptions notwithstanding, the majority of research has investigated how these 

individual components contribute to risk perception, without taking into account how the 

integration of different components affects the perception of risk. However, as is the case in many 

areas of cognition, this integration is important. Consider for example speech comprehension. To 

understand speech, the listener integrates information coming from the spoken words, intonation, 

facial expressions, and hand gestures. Ignoring one of these channels can lead to misperceptions 

about what is said. The same integration of information about different components is important in 

risk perception (Weinstein, 2000). For example, if an event is very likely to happen but has low 

severity (e.g. getting the sniffles in winter), the overall risk is rather low. Likewise, if an event has 

very high severity but is very unlikely to happen (e.g. a nuclear bomb being dropped on Australia), 

then the overall risk of this event is again rather low. This integration is important, because risk 

perception drives risk mitigation behaviour. It would be maladaptive to align risk mitigation 

behaviour with only one component of risk while ignoring the other. Optimal risk mitigation 

behaviour should be informed by the integration of information about different components.  
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Research has suggested that this integration of risk information is best conceptualised by a 

multiplicative relationship between information about the severity and information about the 

likelihood of risks (Weinstein, 2000). However, there appear to be no studies that have investigated 

whether anxiety affects the integration of information of different components of risk, and how this 

might influence risk mitigation behaviour.  

What remains unclear however, is how these anxiety-linked biases in the perception of risk 

likelihood and risk severity, and their integration, contribute to risk mitigation behaviour. There are 

two possible hypotheses regarding the nature in which anxiety might affect the integration of 

information about different components of risk. One hypothesis stems from the findings showing 

that anxiety is associated with heightened perceptions of risk across multiple components. This 

heightened sensitivity to risk information could lead high anxious people to better integrate 

information about risk from different channels. If this is true, then this integrating hypothesis 

predicts that the multiplicative integration of two risk components will contribute additionally to 

predict risk mitigation behaviour in anxious people.  

The alternative hypothesis is that anxiety is not associated with enhanced integration of risk 

information, and instead risk mitigation behaviour is disproportionally driven by information about 

one component of risk. Some studies (Maner & Schmidt, 2006; Mitte, 2007) have suggested that risk 

mitigation behaviour in anxious people might be mainly driven by information about the severity of 

the risk. Thus, according to this component hypothesis, risk mitigation behaviour in anxious 

individuals is mainly driven by one component of risk (most likely severity), and the multiplicative 

integration of two risk components will not contribute additionally to predict risk mitigation 

behaviour in anxious people.  

The aim of the current study was to discriminate the validity of these two alternative 

hypotheses. Therefore, the study was designed to investigate how information about the likelihood 

and severity of a risk and the integration of these two components, contribute to risk mitigation 

behaviour in low and high anxious individuals. The risk participants were exposed to a risk, and 

information about the likelihood of this risk –the chance the noise burst would be delivered- and 

information about the severity –the volume of the noise burst. On some, but not all trials, 

participant could choose to avoid the delivery of the noise burst. The likelihood of making this choice 

given a certain combination of level of risk likelihood and level of risk severity, served as a measure 

of risk mitigation behaviour. 

Participants 
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Seventy-six undergraduate psychology students from the University of Western Australia 

participated in this study for partial course credit. In order to recruit both high and low anxious 

participants, students (n = 1134) completed the Spielberger State-Trait Anxiety Inventory 

(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) and were invited to participate if they 

obtained scores in the top or bottom third of this sample. The final sample consisted of those 

students who responded to the invitation first. This sample consisted of 37 low trait anxious 

participants (24 male, mean age 20.7, SD = 6.1) and 39 high trait anxious participants (16 male, mean 

age 19.6, SD = 5.7).  

Method 

On each trial, participants risked being exposed to a loud noise burst. The likelihood with 

which this noise burst would be delivered was varied: there was either a 20%, 40%, 60%, 80% or 

100% chance the noise burst would be delivered. Independent of this likelihood manipulation, the 

severity of the noise burst was also manipulated: the noise burst was either 60db, 70db, 80db, 90db, 

or 100db. Information about the level of likelihood and severity were depicted using colored 

rectangles.  

On some trials, participants were given a virtual coin, which they could choose to invest to 

mitigate the noise burst. If the coin was invested, no noise burst would be delivered, however when 

the coin was invested, two trials in which no coin was available would follow. This encouraged 

participants to be selective with respect to when they chose to invest the coin. For further detail on 

the design, please see attachment C. 

Results 

The average number of coin investments was calculated for every level of risk likelihood 

crossed with every level of risk severity), for the high and low anxious groups separately. Total risk 

was defined as the multiplicative effect of the level of risk likelihood and risk severity such that when 

the level of risk likelihood was 2 and the level of risk severity was 5, the total risk was determined to 

be equal to 10. 

Linear regression analyses were used to assess the relationship between risk information 

and coin investments. A hierarchical multiple regression analysis was conducted to examine whether 

coin investments were driven by the level of risk likelihood, risk severity, or total risk, and whether 

this was moderated by anxiety.  

A four step hierarchical multiple regression was performed, introducing risk likelihood and 

severity in the first step, total risk in the second step, anxiety in the third step, and the interaction of 
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anxiety and total risk in the fourth step. Results showed that the overall model was significant, 

R²=.92, F(1, 44)=104.80, p<.01, and that the Total Risk * Anxiety interaction was a significant 

predictor of coin investments, p<.001.  

To elucidate the meaning of this significant interactive predictor, a moderation analysis was 

performed using total risk (the combination of 

risk likelihood and risk severity) as a predictor, 

anxiety as a moderator, and coin investments as 

the dependent variable. This moderation is 

depicted in Figure 5. 

Figure 2 shows that in line with our 

hypothesis, high anxious participants show 

better alignment of their coin investments with 

total risk level than low anxious participants. 

This is evident because high anxious participants 

invested fewer coins as compared to low anxious 

participants when the level of total risk was 

lower, and invested more coins when the level of 

total risk was higher. 

Figure 5. The relationship between total risk 
(severity*likelihood) and coin investments, 
as moderated by trait anxiety group. 
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Discussion 

The current study aimed to investigate how the likelihood and severity of a risk and the 

integration of these two components, contribute to risk mitigation behaviour in low and high trait 

anxious individuals. It was expected that total risk, as the multiplicative relationship between risk 

severity and risk likelihood, would predict risk mitigation behaviour independent of the two separate 

components of risk. This was supported by the results. This effect supports previous research by 

Weinstein (2000) who demonstrated that the multiplicative relationship of total risk can predict 

motivation to act. The current study has extended these findings to suggest that performing a 

mitigating action (or risk mitigation behaviour) can be predicted by total risk. 

Given that total risk was found to predict risk mitigation behaviour, it was then predicted 

that high trait anxious participants were better able to integrate components of risk and generate a 

more accurate perception of total risk than low trait anxious participants. This was reflected in risk 

mitigation behaviour which was more aligned with total risk compared to low trait anxious 

participants. This hypothesis was supported, the high trait anxious participants were found to use 

risk mitigation behaviour more appropriately given the level of total risk, in comparison with low 

trait anxious participants. This pattern of risk mitigation behaviour is considered more adaptive, as 

risk mitigation behaviour is not expended unnecessarily when total risk is low, but there is also a 

capacity to recognise when total risk is high and risk mitigation behaviour should be expended. This 

is consistent with research showing high trait anxiety can produce more adaptive patterns of 

decision making, including choosing safer alternatives (Mitte, 2007; Hockey et al, 2000; Werner, 

Duschek & Schandry, 2009) and engaging in risk-avoidant decision making (Maner & Schmidt, 2006). 

Adaptive decision making in high trait anxious people has also been associated with 

differences in decision making patterns. It is possible that these decision making patterns could be 

associated with findings from the current research. Janis and Mann (1977) proposed that decision 

making consisted of vigilant and hypervigilant patterns. Vigilant decision making is defined as a 

systematic, thorough evaluation of all possible alternatives, whereas hypervigilant decision making is 

a rapid, non-systematic evaluation of information (Miu, Miclea & Houser, 2008). Hypervigilant 

decision making has been considered a suboptimal pattern of performance (Baradell & Klein, 1993). 

However, hypervigilant decision making has also been found to be adaptive in highly demanding 

tasks (Johnston, Driskell & Salas, 1997) including tasks that require time-pressured performance 

(Payne, Bettman & Johnson, 1988). As the task used in the current study requires participants to 

interpret risk information very quickly, it is possible that processes associated with hypervigilant 

decision making, such as: selective focus, information filtering, and accelerated information 
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processing (Johnston, Driskell & Salas, 1997) may facilitate the enhanced integration of risk 

information found in high anxious participants in the current task. To assess whether the increased 

ability to integrate risk components can occur independently of processes associated with 

hypervigilant decision making, future research in this field could test whether a similar effect is 

found if participants are given longer durations to interpret risk information. The length of exposure 

to risk information and how this affects ability to assess total risk would provide valuable 

information to a developing area of research. 

Previous research has shown the relationship between trait anxiety and risk perception to 

be maladaptive. The current study does challenge this line of research, finding that trait anxiety 

improves risk perception processes on this current task. The next question is; what makes the 

relationship between risk perception and trait anxiety maladaptive in one situation, and adaptive in 

another? If it is possible to isolate the factors in this relationship that cause individuals with trait 

anxiety to excel in some tasks but do poorly in others, this would have significant implications for 

understanding the cognitive processes behind anxiety and in the treatment of anxiety disorders. 

There is now evidence to suggest that high trait anxious individuals are better able to integrate risk 

information. However, in the current study it is possible that the high trait anxious participants were 

investing more resources to make risk appraisals than the low anxious participants, which could be 

maladaptive if significant resources were invested to determine total risk when all possible risks are 

actually relatively low. Alternatively, it is possible that the high trait anxious participants experienced 

a level of distress that was unwarranted in response to the perception of a risk. It is clear that this 

area of research is still developing, and further study in this field could make significant contributions 

to the current understanding of anxiety and risk perception. 
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Study 1.5 Anxiety and negative expectancy bias  

Anxious individuals typically hold negative expectations about the future (e.g., Beck & Clark, 

1988; MacLeod, Tata, Kentish, & Jacobsen, 1997; Miranda & Mennin, 2007; Stöber, 2000). Yet, it is 

unclear what conditions or processes give rise to this anxiety-linked negative expectancy bias, and 

whether this bias is stable across the lifespan. Given evidence of enhanced emotion regulation skills 

in older adults (e.g., Carstensen & Mikels, 2005), it is possible that this bias may be attenuated as 

individuals age.  

Contrary to the negative biases that characterize anxiety, aging is sometimes associated with 

a so-called “positivity effect,” such that, as people age, they tend to preferentially attend to and 

remember positive, relative to negative, information (see Charles, Mather, & Carstensen, 2003; 

Mather & Carstensen, 2003). This is in line with socio-emotional selectivity theory (e.g., Carstensen, 

Isaacowitz, & Charles, 1999), which posits that the positive bias occurs because emotionally 

meaningful goals are prioritised by older adults. This is the first study (to our knowledge) to examine 

the age-linked positivity effect with respect to expectancy bias. 

By evaluating the impact of age and anxiety on expectancy biases in a large sample with a 

broad age range across the adult lifespan, the current study integrates the anxiety-linked negative 

bias and age-linked positive bias literatures. It is hypothesized that anxiety will be associated with 

relatively more negative future expectancies, while aging will be associated with relatively more 

positive future expectancies. The specific nature of the relationship between the age and anxiety 

effects on expectancy may be interactive, such that increased age attenuates or reverses the 

anxiety-linked negative expectancy bias, or it may be that age and anxiety exert independent 

influences on expectancy bias. 

A computerized procedure, the Expectancy Task (Cabeleira, Bucks, Teachman, & MacLeod, 

2010), is used to examine what conditions or processes elicit anxiety- and age-linked expectancy 

biases. This task presents participants with scenarios describing negative, neutral, or positive events, 

concerning physical wellbeing or social situations. For each scenario, participants rate the likelihood 

of the event occurring in the future. The current study will reveal not only how emotional tone of 

the initial scenario influences future expectancies (providing hints at processes underlying the bias), 

but also how expectancies are influenced by anxiety and by age. A number of possibilities can be 

distinguished, each of which would result in a different pattern of results. 

First, it is possible that anxiety and/or age may influence expectancy bias regardless of the 

valence of the initial scenario presented to participants. This would be indicated if individuals with 
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higher levels of anxiety consistently judge future negative events to be more likely to occur, and/or if 

older individuals consistently judge future positive events to be more likely to occur, regardless of 

the emotional tone of the initial scenario. In this case, expectancy biases would reflect a pervasive 

inflation of the relative perceived likelihood of negative or positive future events. Thus, we refer to 

this as the Pervasive expectancy bias hypothesis. 

Second, it is possible that anxiety and/or age may influence expectancy by biasing emotional 

extrapolation from the initial scenarios, such that future expectancies are more strongly affected by 

certain types of valenced information. For instance, for anxious individuals, who are hypervigilant for 

negative information (Eysenck, 1992; Williams, Watts, MacLeod, & Mathews, 1988), exposure to 

negatively valenced scenarios may inflate expectancy of future negative events to a greater degree 

than exposure to positively valenced scenarios inflates expectancy of future positive events. In 

contrast, given older adults’ tendency for greater emotional stability compared to younger adults 

(Carstensen et al., 2010), it is possible that exposure to positively valenced scenarios may inflate 

expectancy of future positive events in older adults to a greater degree than exposure to negative 

scenarios inflates expectancy for future negative events. We refer to this as the Extrapolation 

expectancy bias hypothesis. 

A third possibility is that age and/or anxiety may influence expectancy bias most clearly 

when initial scenarios are ambiguous with respect to valence (i.e., scenarios are neither clearly 

positive nor negative), suggesting a biased interpretation process. There is substantial research 

documenting negative interpretations of ambiguous information among anxious individuals 

(MacLeod & Bucks, 2011; MacLeod, Campbell, Rutherford, & Wilson, 2004), so it may be that anxiety 

will influence expectancy bias to be more negative most strongly when initial scenarios are 

emotionally ambiguous. Analogously, though it is an under-researched area, there is some indication 

that older adults impose positively biased interpretations on ambiguous social information (Werntz, 

Green, & Teachman, 2011). Hence, age may influence expectancy bias to be more positive most 

strongly when initial scenarios are emotionally ambiguous. We refer to this as the Interpretation 

expectancy bias hypothesis. 

Overall, the current study tests whether and how two individual difference factors, age and 

anxiety, affect the relative tendency to expect positive and negative future events. Additionally, the 

study uses the recently developed Expectancy Task to test differing predictions concerning the 

particular conditions or processes that give rise to expectancy bias: a pervasive pattern of biased 

expectation, a pattern of biased emotional extrapolation, or a pattern of biased emotional 

interpretation.  
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Participants 

Participants included 1109 volunteers from the United States (67% female) recruited 

through one of three methods: 42.3% through Amazon’s Mechanical Turk (http:// www.mturk.com), 

a website at which visitors can complete tasks that interest them for some small compensation (25 

cents for the current study), 57.2% through Project Implicit (http:// implicit.harvard.edu/), a website 

at which visitors can register to be randomly assigned to studies and learn about implicit biases, and 

0.5% through an online advertisement. Participant ages ranged from 18 to 82, with a mean of 41 

(SD=16).  

Method 

Anxiety Measure 

Anxiety symptoms were assessed using the Anxiety Subscale from the Depression, Anxiety 

and Stress Scale – Short Form (DASS-Anxiety; Lovibond & Lovibond, 1995).  

Expectancy Bias 

Participants’ relative tendency to expect future positive and negative events was assessed 

using the Expectancy Task (Cabeleira et al., 2010). The Expectancy task involves two parts: a 

“Scenario Presentation Component” presents scenarios that vary in the extent to which positive, 

ambiguous, or negative events occur, and an “Expectancy Rating component” then asks participants 

to judge the likelihood of subsequent positive, negative or neutral future events occurring. 

Scenario Presentation Component 

Participants were asked to read and imagine themselves in eight scenarios; one block of four 

scenarios was relevant to social concerns and the other block of four to physical concerns. These two 

domains were selected to test if any association between aging and positive expectations is 

diminished in the context of scenarios related to physical concerns, given research suggesting older 

adults’ more positive bias is reduced in the context of aging-relevant threats, such as risks to physical 

health (Teachman & Gordon, 2009). Each scenario consisted of six items: a Title, Orienting Sentence, 

and four events. All orienting sentences were different, with some having slightly positive or 

negative valences, but none being overtly positive or negative. Participants were randomly assigned 

to 1 of 4 valence conditions, which varied the type of information presented to participants for the 

portion of the scenario detailing the four events: Positive Valence (two positive and two neutral 

events), Negative Valence (two negative and two neutral events), Ambiguous/Conflicting Valence 

(two positive and two negative events), or Ambiguous/No Valence (four presentations of “+++and 
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something else happens+++”; i.e., no specific events presented). In the Ambiguous/No Valence 

condition, participants were instructed to use their imagination to fill in what might have occurred. 

This condition was included so we could examine expectancy bias when no information (neither 

valenced nor neutral) was presented.  

Expectancy Rating Component 

Following each block of four scenarios, participants were asked to rate what was likely to 

happen next in the scenarios. For each scenario, participants were again shown the Title and 

Orienting Sentence. Next, three new events (one positive, one negative, and one neutral, occurring 

in random order) appeared on the screen, one at a time. Participants were asked to read each event, 

and judge the likelihood of it occurring next in the scenario. Participants were told to rate each new 

event on a scale of 1 (“Very UNLIKELY to happen next”) to 4 (“Very LIKELY to happen next”). 

Procedure 

The consent form indicated that the study “examines how people decide what happens next 

after reading brief outlines of stories.” Following consent, participants completed a demographics 

questionnaire. Next, they were given instructions on how to complete the Expectancy Task and 

randomly assigned to one of the four valence conditions. Following the Expectancy Task, all 

participants completed the DASS-Anxiety and were debriefed. 

Results 

To score the Expectancy Task, an expectancy bias index was then created by subtracting 

average perceived likelihood rating for negative events from average perceived likelihood ratings for 

positive events. A score greater than zero indicates a tendency to rate positive events as more likely 

to occur than negative events (i.e., a positive expectancy bias), while a negative score indicates a 

negative expectancy bias. 

 We conducted a repeated measures Analysis of Variance (ANOVA) with one within subjects 

factor (Scenario Domain: Physical, Social), one between subjects factor (Scenario Valence: Positive, 

Negative, Ambiguous/Conflicting Valence, Ambiguous/No Valence), and two continuous moderators 

(Age and Anxiety).   

The expected main effect of scenario valence was obtained (F(3,1093)=85.63, p<.001, etap
2=. 

19 (large effect)). Follow-up tests showed that as expected, the mean expectancy bias index score 

was highest in the Positive Scenario condition, followed by the Ambiguous/No Valence Scenario 

condition, then the Ambiguous/Conflicting Valence Scenario condition, and finally, the Negative 
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Scenario condition (all conditions differed at p<.01). This supports the validity of the Expectancy 

Task. 

The main effects of anxiety (F(1,1093)=22.65, p<.001, etap
2=.02) and age (F(1,1093)=12.68, 

p<.001, etap
2=.01) were also as hypothesized. Pearson product-moment correlations confirmed that 

greater anxiety was associated with a less positive expectancy bias index score (r(1107)=−.16, 

p<.001), while older age was associated with a more positive expectancy bias index score 

(r(1107)=.12, p<.001).  

A main effect of scenario domain was obtained, such that participants displayed more 

positive expectancy bias index scores for social scenarios relative to physical scenarios 

(F(1,1093)=152.20, p<.001, etap
2=.12 (medium effect)). There was no significant scenario domain by 

anxiety interaction (F(1,1093)=.49, p=.482, etap
2<.001), but a scenario domain by age interaction was 

found (F(1,1093)=16.07, p<.001, etap
2=.01). Follow-up tests indicated a small, but significant positive 

correlation between age and positive expectancy bias for social scenarios (r(1107)=. 18, p<.001), but 

not for physical scenarios (r(1107)=.04, p=.192). Thus, results suggested that the tendency for 

increased age to be associated with a more positive expectancy bias was less evident when 

participants were processing information concerning physical wellbeing, than when processing 

information concerning social situations. 

The only other effect to reach significance was an interaction between age and scenario 

valence (F(3,1093)=10.39, p<.001, etap
2=.03 (small effect)). Follow-up tests revealed that age 

influenced expectancy bias to be more positive most strongly when participants were processing 

information about currently negative scenarios. 

Discussion 

This study examined three theoretically-derived, differing predictions about conditions 

under which expectancy bias can occur, and how age and anxiety influence this bias. Results 

indicated that anxiety is characterized by a small effect for a Pervasive expectancy bias, such that 

anxious individuals have a reduced expectancy for positive events, regardless of the valence of 

current events. In contrast, age is associated with a small effect for an Extrapolation expectancy bias, 

such that older individuals have a heightened expectancy for positive events, which is strongest 

when processing socially-relevant or negative scenarios. 

The presence of an anxiety-linked expectancy bias confirms previous evidence of such an 

effect (e.g., MacLeod et al., 1997; Miranda & Mennin, 2007; Stöber, 2000), and is in line with other 

data from our research group, which suggest that both high trait anxious and high anxiety sensitive 
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individuals have a reduced expectancy for positive events compared to low anxious individuals 

(Steinman, Cabeleira et al., 2012). The present study adds to previous literature by showing that this 

expectancy bias is pervasive in nature (occurs regardless of emotional valence of present events) 

and occurs across the adult lifespan. 

The anxiety-linked Pervasive expectancy bias found in the current study suggests that 

anxious individuals do not merely catastrophize about minor negative events, but expect relatively 

less positive future events regardless of the valence of current events. This is in line with the idea 

that anxious individuals may have a reduced ability to learn from, or seem to disqualify, positive 

feedback (e.g., Beck, 1976; Heimberg & Becker, 2002). In the future, it will be important to evaluate 

if a less positive expectancy bias predicts the development and maintenance of dysfunctional 

anxiety. Steinman, Cabeleira et al. (2012) found that expectancy bias scores are related to state 

anxiety experienced during a stressor, highlighting the possible clinical relevance of expectancy bias. 

As hypothesized, we found a small, positive expectancy bias associated with age, such that 

increased age was associated with less emotional extrapolation from negative events. In other 

words, younger participants showed the expected emotional extrapolation effects for both positive 

and negative scenarios, but older adults showed a reduction in this effect for negative (but not 

positive) scenarios, perhaps indicating less sensitivity to, or influence from, negative information. 

The presence of an age-related increase in positive expectancy bias is consistent with the more 

general finding that increased age is characterized by positivity effects (e.g., Charles et al., 2003). 

This is the first evidence that such age-related positive effects can be observed in the domain of 

expectancy. It also seems compatible with research suggesting that aging is associated with 

increased emotional stability (e.g., Carstensen et al., 2010). Older (versus younger) adults’ greater 

tendency to expect positive events after reading about negative events may serve a homeostatic 

function that sustains emotional equilibrium. It may also reflect older adults’ reduced tendency to 

attend to negative, relative to positive, events (Mather & Carstensen, 2003). Of note, the present 

results suggest that the relationship between age and positive expectancy bias is less robust in the 

context of physical concerns. This is in line with research suggesting that older adults’ more positive 

bias is reduced in the context of aging-relevant threats, such as risks to physical health (Teachman & 

Gordon, 2009). Future research can examine other aging-relevant domains, and seek to determine 

whether this positive expectancy bias predicts effective emotion regulation. 

Our study has a few limitations. First, because this study was publicly accessible over the 

Internet, the sample was not representative of any definable population. However, it was larger and 

more diverse than typical samples of college students and other single-site samples that characterize 
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most psychological research. Second, only one measure of anxiety was included. Future studies 

should include additional measures to establish convergent evidence across methodologies. Finally, 

while we believe the effects described in this paper are meaningful, they were small effects. Given 

that age is a broad variable that involves changes in several heterogeneous domains (e.g., biological, 

emotional, and cognitive functioning); it is unsurprising that effects for age are small. 

Despite these limitations, this study demonstrates that anxiety and aging both moderate 

expectancy bias, and illuminates the conditions and processes that give rise to these effects. The 

finding of a pervasive, anxiety-linked less positive expectancy bias, coupled with an age-linked 

reduction in the tendency to extrapolate that negative future events are likely to follow negative 

current situations, provides insight into anxiety-linked expectations across the adult lifespan. 
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Study 1.6 Anxiety and prospective memory for threat cues 

Emotion researchers have proposed that anxiety might be related with selective memory for 

negative information (Mathews, Mogg, May, & Eysenck, 1989). Because memory serves important 

functions, not only regarding recollection of the past but also to provide input for future planning 

(Williams, 1997), such a selective memory for threatening information could have grave detrimental 

consequences across many areas in life. However, despite theoretical and empirical reason to expect 

the existence of an anxiety-linked memory bias, the findings regarding such a memory bias are 

inconsistent.  

In an attempt to create a clearer picture, Mitte (2008) performed a meta-analysis of 165 

studies investigating the association between and anxiety and memory bias in both clinical and 

nonclinical anxious samples. She concluded that anxiety did not impact significantly on recognition 

memory. It was noted though, that there was a large discrepancy in the effect sizes and even the 

directionality of the findings in these studies. Therefore, this absence of evidence for an anxiety-

linked recognition memory bias should not be seen as evidence of absence, but rather warrants 

further investigation into factors that might moderate the relationship between anxiety and memory 

for threat-related material (Mitte, 2008). 

To date research examining the relationship between anxiety and memory has focused on 

testing retrospective memory, memory for events that have occurred in the past (McDaniel & 

Einstein, 2007). However, anxiety is very much considered to have a future time orientation (Beck, 

Emery, & Greenberg, 2005; Eysenck, 1992; A. K. MacLeod, Tata, Kentish, & Jacobsen, 1997). 

Therefore it is possible that anxiety-linked selective remembering of threatening information is 

especially apparent for information that holds important implications for the future. One type of 

memory that captures this future-oriented aspect is prospective memory. Prospective memory is 

characterised by an individual forming an intention to remember something for a planned action in 

the future (McDaniel & Einstein, 2000). Prospective thinking is thought to be adaptive for survival in 

that its future orientation allows us to create expectations of outcomes for future events and then 

engage in future planning (Schacter, Addis & Buckner, 2007). For example, when a man’s wife 

instructs him to remember to complete a list of household chores before she returns from a trip, he 

should initially make an intention to remember the chores he has to perform. The man later needs 

to remember to do the chores (prospective component) and also remember what the chores are 

that need to be done (retrospective component).  

Several researchers have argued that different anxiety-linked cognitive biases might be 

caused by similar underlying mechanisms (Mitte, 2008). For example, in Mogg and Bradley’s 



62 
 

cognitive-motivational model of anxiety, the detection of threat in the environment is thought to 

cause people to allocate more cognitive resources (such as attention, memory) to processing that 

threat such that preventative or protective action can be undertaken. According to this model, 

anxious people find more elements in the environment threatening and therefore have to allocate a 

lot of cognitive resources to all the “threats” in the environment. For example, in the situation 

described earlier it is possible that whilst the man formulates the intention to remember the chores, 

he also thinks about his wife getting angry if he forgets to complete the chores. A man who is 

particularly anxious about the prospect of an angry wife might recruit more resources to remember 

to execute the assigned chores than a less anxious man, to the point where the pre-occupation with 

these chores interferes with daily functioning. Thus, if anxiety is associated with higher recruitment 

of cognitive resources when formulating an intention to take action against potential future negative 

events, it is possible that an anxiety-linked enhancement in memory for threat-related material will 

be especially apparent in tasks involving prospective memory. This hypothesis will be called the 

prospective memory bias hypothesis. 

Therefore, the aim of the current study was to investigate the role of prospective memory in 

anxiety-linked memory bias for threatening information. To this end, individuals with high (HA) and 

low (LA) levels of trait anxiety participated in a memory task in which they were presented with 

neutral words, a subset of which were transformed into threat cues. These were words that 

predicted the delivery of an aversive loud noise burst. This permits us to examine how HA 

participants differ from LA participants in terms of their memory for these threat cues. Importantly, 

we also introduced a task manipulation such that half of these threat cues triggered the intention to 

perform an action in a subsequent part of the task, before memory for these and the other threat 

cues was tested. Therefore, half of the threat cues were considered prospective threat cues, 

whereas the other half were considered non-prospective threat cues. This manipulation provided 

the platform to investigate whether a memory advantage for threat cues in HA compared to LA 

individuals is (1) evident and (2) whether this advantage is differentially evident in a manner that 

would support the prospective memory bias hypothesis.  

Two different hypotheses are presented. The general memory bias hypothesis suggests that 

if an anxiety-linked memory bias for threatening information exists, then it is expected that HA 

compared to LA individuals will exhibit better memory for all threat cues, regardless of whether they 

are prospective or not. In contrast, the prospective memory bias hypothesis suggests that if anxiety 

specifically impacts on the encoding of threat-relevant information in memory when people 

formulate an intention to use that information in the future, then it is expected that whether or not 

the threat cues are prospective will moderate the anxiety-linked memory bias for threat. 
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Participants 

Forty-eight first year psychology students from The University of Western Australia 

completed this study in exchange for course credit. Students (n = 1134) were screened on trait 

anxiety with the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg & Jacobs, 

1983), and only students who scored in the highest 30% and lowest 30% were invited to participate. 

Participants included in the study were the first to volunteer. Mean age in the low anxious group (6 

men) was 22.3, SD = 10.0. Mean age in the high anxious group (3 men) was 19.8, SD = 6.6.  

Method 

Participants completed a memory task in which three types of neutral words were presented 

(signalled by different colors). Two of these word types were threat cues, as they predicted the 

delivery of n aversive loud noise burst later in the task. One of these sets of threat cues was 

associated with a prospective memory task, and is therefore referred to as prospective threat cues. 

The other set of threat cues was not associated with a prospective memory task, and is referred to 

as non-prospective threat cues. The third set did not predict the noise burst and was thus labelled 

non-threat cues.  

In the encoding phase, participants were shown a list of words consisting of these three 

word types. Words were presented sequentially, in random order. Participants were instructed to 

try to remember the words. In the recognition phase, participants were shown every word from the 

encoding phase and an additional equal number of new words, and asked to indicate if the word was 

presented in the encoding phase. In between the encoding and recognition phase, participants could 

perform a prospective memory task, which gave them the opportunity to avoid the noise bursts 

predicted by the prospective threat cues. For a detailed overview of this design, please see Appendix 

D.  

Results 

To analyse performance on the memory test, averaged sensitivity scores (d’) were subjected 

to a Word Type (prospective threat cues, non-prospective threat cues, non-threat cues) by Anxiety 

Group (HTA, LTA) mixed methods ANOVA. The prospective memory bias hypothesis would predict a 

2-way interaction, reflecting that high anxious participant more than low anxious participants show 

better memory only for prospective threat cues as compared to non-threat cues. 

The prospective memory bias hypothesis was supported, as there was a significant 

interaction between Anxiety Group and Word Type, F(2,45) = 7.29, p = .006, see Figure 6. To 

decompose this interaction, we analysed whether high and low trait anxious participants showed a 
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memory advantage for prospective threat 

cues and for non-prospective treat cues, as 

compared to non-threat cues. In LTA 

participants, paired sample t-tests showed 

no significant difference in recognition 

memory for prospective threat cues as 

compared to non-threat cues, t(23) = 1.71, p 

= .10, Cohen’s d = 0.39 (medium effect), or 

for non-prospective threat cues as compared 

to threat cues, t < 1. Thus, low anxious 

participants did not show a memory bias for 

either type of threat cue. In HTA participants, 

paired sample t-tests showed significantly 

better recognition memory performance for prospective threat cues as compared to non-threat 

cues, t(23) = 4.15, p < .001, Cohen’s d = 0.85 (large effect). There was no significant difference 

between memory for non-prospective threat cues and non-threat cues, t < 1. Thus, consistent with 

the prospective memory hypothesis, high trait anxious participants showed a memory bias for threat 

cues that signalled danger that could be attenuated by a future action. 

Discussion 

The aim of the current study was to test the hypothesis that anxiety-linked memory bias is 

specific to threat cues that require important future actions to be taken. The results supported this 

prospective memory bias hypothesis. A significant interaction was observed between Anxiety Group 

and Threat Cue Type, indicating the presence of an anxiety-linked memory bias for prospective 

threat cues but not for non-prospective threat cues. This restriction of anxiety-linked memory bias to 

prospective memory could potentially explain past inconsistency in memory bias research (Mitte, 

2008). The inconsistent and contradictory findings in previous studies have posed a considerable 

challenge for the direction of future research in this area. The current findings therefore highlight a 

potentially important new direction of investigation into the anxiety-linked memory bias. 

The restriction of an anxiety-linked memory bias to prospective memory in the current study 

is consistent with the notion that the primary function of anxiety is in the preparation for the future. 

The information stored in and retrieved from memory affects several stages of information 

processing, from the initial stage of meaning analysis, leading up to and including the planning and 

execution of a coping response (Klein et al., 2010). In fact, it has been argued that one of the most 

Figure 6. Recognition accuracy for high and low 
anxious participants on both types of threat cues. 
Error bars represent standard errors of the mean. 
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important functions of human memory is to make appropriate decisions and flexibly plan future 

behaviour in our complex environments (Klein et al., 2010). Therefore, a bias in memory favouring 

negative material could not only affect the retrieval of old information, but also the manner in which 

new information is processed and the way in which new situations are dealt with (Mitte, 2008). 

However, memory bias research has typically been concerned with the first component, the storage 

and retrieval of negative information, while neglecting how this information contributes to future 

planning. Prospective memory critically taps into this planning component of memory, as it 

considers how information that is relevant to taking action in the future is stored.  

The current study aimed to investigate the role of prospective memory in anxiety-linked 

memory bias for threatening material. Future research could illuminate the precise nature of this 

bias in several ways. For example, research could investigate anxiety-linked prospective memory for 

cues predicting a negative event (e.g. loss of money) and cues predicting a positive event (e.g. gain 

of money). This would permit the investigation of whether anxiety-linked prospective memory bias is 

restricted to threatening material, or emotionally valenced material in general (Grafton, Ang, & 

MacLeod, 2012).  

Secondly, an important theoretical question with considerable applied implications concerns 

the causal status of this prospective memory bias in anxiety. It is possible that biased memory for 

threatening information is simply an epiphenomenon of anxiety, however research on other 

cognitive biases (attention and interpretation) has suggested that these biases make a causal 

contribution to anxiety vulnerability (Gierveld & Tilburg, 2006; MacLeod & Clarke, 2013; Mogoase, 

David, & Koster, 2014). The technique of cognitive bias modification (CBM) has been used to 

examine how these biases affect anxiety vulnerability through their experimental manipulation. 

Most of the cognitive bias modification research has focused on altering biased patterns of attention 

and interpretation. Given the inconsistent findings concerning memory bias in anxiety, it is no 

surprise that the manipulation of memory bias has received far less attention, and when it has, 

modification of the bias has not always been achieved (Borenstein, Hedges, Higgins, & Rothstein, 

2009; Hertel & Mathews, 2011). However, it is easy to imagine how the task used in the current 

study can be altered to differentially encourage a prospective memory bias for positive versus 

negative information. To encourage a prospective memory bias for positive information, a 

disproportionate number of trials could be presented with cues which predict the positive event. In 

contrast to encourage a prospective memory bias for negative information, a disproportionate 

number of trials could be presented with cues which predict the negative event. Afterwards, anxiety 

increases in response to a lab-based stressor can be assessed to investigate whether this differential 

training causally contributes to anxiety vulnerability. If selective prospective memory for threatening 
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information causally contributes to anxiety vulnerability, a bigger stress response would be expected 

in the condition that encourages this prospective memory for negative information, as compared to 

the condition that encourages prospective memory for positive information. 

In conclusion, our results suggesting that anxiety-linked memory bias may be restricted to 

prospective memory for threat cues signalling dangers that people can potentially mitigate through 

appropriate future action. This finding offers a new pathway forward for research on memory bias in 

anxiety, and carries the potential to trigger a new stream of research to further investigate the role 

of memory bias in anxiety and other dimensions of mood. Such work may not only illuminate the 

cognitive basis of anxiety vulnerability, but also may contribute to our understanding of, and 

capacity to remediate anxiety dysfunction.   
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Study 1.7 Anxiety, attentional bias to threat, and trauma related 

intrusions. 

An intrusion can be defined as an involuntary and spontaneous recollection of a memory 

relating to a previously experienced negative event (Holmes & Bourne, 2008). The severity of such 

intrusions lies on a continuum. They have been identified both as a part of the psychopathology of 

many disorders, such as anxiety and posttraumatic stress disorder (PTSD), and also as a normal 

phenomenon, experienced by most people at some point in their lives to a greater or lesser extent 

(Rachman & de Silvia, 1978). It has been found that there are individual differences in people’s 

vulnerability to experiencing intrusions following an emotionally negative event (Weber, 2008). A 

classic example of this can be seen in the PTSD literature. Studies have found that when a group of 

people are all exposed to the same traumatic event, there will be a broad variability in the severity 

of the intrusions that subsequently follow (Kluznik, Speed, Van Valkenburg, & Magraw, 1986). This 

intrusion variability has also been found following more mild negative events (Horowitz, 1975). A 

greater understanding of intrusions is important for both theoretical and applied reasons. 

Theoretically, it may explain why some people have greater difficulty adjusting to negative events or 

go on to develop pathology. It is important for applied reasons because an understanding could lead 

to a measure which could be used to predict who develops problems and potentially a target for 

therapeutic intervention. For these reasons, a great deal of research has focused on the nature and 

mechanisms that cause and maintain intrusions.  

Research often has failed to distinguish the frequency of intrusions from the severity of 

intrusions. The majority of prospective studies consider intrusion frequency as the sole dependent 

measure. However, it has been shown (Rachman & de Silvia, 1978) that a high frequency of 

intrusions does not mean these intrusions are distressing and highly distressing intrusions need not 

always occur with a high frequency. Since only a moderate relationship has been previously found 

between these two dimensions of intrusions in retrospective studies, it has been suggested that they 

may reflect different aspects of individual differences (Steil & Ehlers, 2000). It is therefore possible 

that there are different factors that drive intrusion distress than those that drive intrusion 

frequency. This suggests that it would be warranted to examine both the frequency of intrusions and 

the distress caused by intrusions as separate variables when examining predictors of intrusions. 

Trait anxiety has been consistently found to be associated with elevated intrusions following 

negative events (Clark & Nicki, 1989). Trait anxiety can be defined as a general tendency to respond 

in an anxious way to stressful events (McNally, 1989). The association between trait anxiety and 

intrusions following a negative event may be a result of trait anxiety itself being a vulnerability factor 
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for intrusions, or it could be a style of information processing associated with trait anxiety that is 

driving increased intrusions.  

It has been a consistent finding in the literature that trait anxiety is related to an attentional 

bias to negative information (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van Ijzendoorn, 

2007b). Attentional bias can be defined as a tendency to allocate more attentional resources toward 

emotionally negative information than to emotionally non-negative information (MacLeod et al., 

1986). A strong attentional bias to negative information results in negative stimuli becoming more 

salient, such that danger is over-represented which can lead to a subsequent rise in anxiety 

(Williams, 1997). Kaspi, McNally, and Amir (1995) found that PTSD patients also display this 

attentional bias to negative information.  Since then, evidence has accumulated that PTSD patients’ 

attentional bias favours negative information associated with their earlier trauma (Bar-Haim et al., 

2007b). While it is known that there is an association between trait anxiety and intrusions, and that 

PTSD patients tend to display both high trait anxiety and intrusions, and while both anxiety and PTSD 

sufferers are known to display an attentional bias to negative information, it is not yet known if 

attentional bias and intrusions are directly related to each other. 

The question put simply is this: what is it that is actually driving the variability in intrusions 

following negative emotional events? While there is a chance that neither trait anxiety nor 

attentional bias is associated with the variability in intrusions, there are also three alternatives to 

this null hypothesis. The first possibility is that trait anxiety alone directly contributes to the 

variability in intrusions. The second possibility is that attentional bias alone contributes the 

variability in intrusions. The third possibility is that both trait anxiety and attentional bias make 

separate contributions to intrusion variability. 

The current study will measure attentional bias and trait anxiety in a lab-based task designed 

to elicit intrusions. Horowitz (1975) developed a paradigm to enable to examine differences in 

vulnerability to intrusions. The paradigm involves exposing healthy participants to an emotionally 

negative film and subsequently measuring the resultant intrusions. This paradigm method has 

become a valuable tool for studying cognitive intrusions (Holmes & Bourne, 2008). Therefore, 

participants will be exposed to an emotionally negative film with attempt to induce varying degrees 

of intrusions. The results will focus on whether it is this measure of attentional bias or a measure of 

trait anxiety (or both) that is predicting variability in two dimensions of intrusion, one being the 

more commonly examined variable of intrusion frequency, and the second being intrusion distress.  

Participants 
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This study involved 47 first year undergraduate psychology students, including 24 males and 

23 females. The mean age was 19.89 years (SD=2.67). Students’ incentive to participate was the 

awarding of course credit points.  

Method 

Film Clips 

Six film clips made up a 20 minute film compilation. Three of these clips contained negative 

contents. The films these were taken from were “Piranha” (2010), which showed a graphic scene of 

flesh-eating piranhas attacking and killing a group of young people, “The Final Destination 5” (2009), 

where a collapsing bridge caused a series of violent and explicit deaths to the people on the bridge, 

and “Saw 7” (2010) which showed a man in a car being forced to tear his skin from a chair he had 

been glued to. Along with these, three non-negative film clips were included to reduce the 

desensitization that might be expected to result from extended exposure to only negative film 

content.  

Emotional Assessment Instruments 

Trait anxiety was measured using the Spielberger Trait Anxiety Inventory (STAI; Spielberger 

et al., 1983).       

Visual Analogue Mood Scales (VAS) were used to assess participants’ current mood. The four 

moods that were measured were labelled; ‘happiness’, ‘depression’, ‘anger’, and ‘anxiety’ (Davies & 

Clark, 1998). Respondents were required to rate how strongly they were experiencing each emotion 

on a 60-point scale with 1 being ‘not at all’ to 60 being ‘extremely’.  

An online intrusion diary was created on jotform.com. It consisted of an intrusion distress 

scale, ranging from 1 (not at all) to 10 (extremely).  

Attentional bias task 

 The dot probe task (MacLeod et al., 1986) was used to measure attentional bias to negative 

information. On each trial a fixation cross was presented for 1000ms, after which a negative and a 

non-negative image (selected from the International Affective Picture System (IAPS) were presented 

for 500 or 1000 ms. Next two red dots appeared either slanting to the left (. .) or to the right (. .). 

Participants were asked to indicate the orientation of the dots by mouse click. The inter trial interval 

was 1000ms. The dots replaced the negative image on half of the trials, and the non-negative image 

on the other half. There were 256 trials. The index of attentional bias to negative information was 
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the degree to which participants were faster to respond to probes when they were in the locus of 

negative image compared to when the probes appeared in the locus of the non-negative image.  

Intrusion assessment   

Participants were required to record all their intrusions experienced in the subsequent seven 

days after film exposure (approach based on Davies & Clark, 1998; Holmes & Bourne, 2008). An 

Intrusion was defined to participants as thoughts or images of scenes from the film clips that 

‘occurred spontaneously’ (Holmes & Bourne, 2008). The intrusion form required that the participant 

rate the level of distress they experienced during the intrusion, ranging from 1 (not at all) to 10 

(extremely). Intrusion frequency and intrusion distress were recorded as separate dependent 

measures.   

Procedure 

Participants first completed the STAI questionnaire and the first VAS assessment. They then 

practised the dot-probe task with 32 practise trials. Participants then watched the film clips and 

completed the VAMS assessment again to check whether the film clips were considered aversive. 

After this, they completed the attentional bias task proper. Participants were then given instructions 

on their upcoming intrusion assessment phase. The experimenter explained to them what defines an 

intrusion and how they must use this intrusion diary application on their mobile phones to record 

such intrusions for the subsequent seven days. 

Results 

Emotional impact of film compilation        

Analyses confirmed that the film clips did induce negative mood as intended, as there was a 

significant increase in negative mood after exposure to the film compilation, F(1, 43)= 26.96, p=.00. 

Prediction of intrusion frequency                      

Trait anxiety. To determine whether trait anxiety predicted the subsequent intrusion 

frequency, a correlational analysis was run. The results showed that trait anxiety did not predict 

intrusion frequency, r=.14, p=.37.          

Attentional bias measure. The focus then turned to the question as to whether attentional 

bias to negative information was predictive of intrusion frequency. Correlational analyses showed 

that the attentional bias measured at 1000ms condition predicted intrusion frequency, r=.32, p=.04.  

Prediction of intrusion distress   
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Trait anxiety measure: To determine whether trait anxiety predicted intrusion distress, a 

correlational analysis was run. The results showed that trait anxiety significantly predicted intrusion 

distress r=.36 p=.02.  

Attentional bias measure.  The next question was whether attentional bias to negative 

information was predicting the variability in intrusion distress. Correlational analyses were run 

between the attentional bias measures and intrusion distress. The results showed that the 

attentional bias measures were not significantly predictive of intrusion distress (p > .3).  

Discussion 

The aim of this study was to examine firstly whether attentional bias to negative information 

predicted intrusions and secondly, whether this relationship was direct or whether it was due to the 

association attentional bias has been consistently found to have with trait anxiety. The results 

showed not just that trait anxiety and attentional bias are both predicting intrusions, but they are 

both predicting different dimensions of intrusions whereby attentional bias to negative information 

independently predicts intrusions frequency and trait anxiety independently predicts intrusion 

distress.  

There is some corroborating support for our finding that trait anxiety predicted intrusion 

distress. Ehlers and Steil (1995) reported that people who experience higher levels of distress in their 

intrusions, are more likely to engage in coping strategies such as thought suppression, in hope of 

gaining control over their intrusions.  Contrary to the intentions behind thought suppression, such a 

coping strategy has been consistently found to be counterproductive and instead leads to further 

heightened distress (Ehlers & Steil, 1995). It has also been found that those who report using 

suppression as a coping mechanism in response to intrusions also display higher levels of trait 

anxiety (Hayes et al, 2004). Therefore, a possible path for how trait anxiety was found to be 

predictive of intrusion distress can be seen. Marcks and Woods (2005) found that by informing 

participants to use an acceptance based approach toward their intrusions, which involves being 

accepting of uncomfortable thoughts and making no attempts to suppress them, intrusion distress 

can significantly decrease. Interesting, those in this acceptance condition did not experience a 

decrease in intrusion frequency. The results of the current study provide a fitting explanation for 

these findings. That is, frequency and distress of intrusions are not driven by the same mechanisms. 

This method of thought suppression, which is known to be associated with trait anxiety, may then 

explain the higher distress ratings. On the other hand however, the use of suppression methods may 

also be a response to the distressing intrusions rather than a cause. Further research would need to 

be conducted to examine the direction of this relationship.  



72 
 

Study one results showed that when the images were exposed for 1000ms in the dot probe 

task, the attentional bias measure was predictive of intrusion frequency, whereas when the images 

were exposed for 500ms, the attentional bias measure did not predict intrusion frequency. This 

pattern of this result could be explained by Grafton, Watkins, and MacLeod (2012) who suggested 

that since it appears that pictorial stimuli take longer to visually process compared to word stimuli, a 

dot probe task using negative images is likely to capture attentional bias at longer durations. This 

could explain why this study got the results it did.  Future research is therefore required to examine 

the specific length of time it takes to process pictorial stimuli when measuring attentional bias 

before a firm conclusion can be made.   

Although the findings of this study only provide evidence for predicting factors of intrusions, 

potential implications of this study involve examining the possibility of causality. Although our key 

findings can be understood by what has been found in the literature so far, causal conclusions 

cannot yet be made. To examine the potential causality status of attentional bias, a future study 

could look at modifying the attentional bias to see whether this produces a change in intrusion 

frequency. If it does, not only will this lend support to this causal interpretation of the present 

findings, it will also highlight the potential viability of an intervention that utilizes this approach in 

treatment. An important finding in this study however, is that there are two dimensions of 

intrusions, and it has not been found that attentional bias predicts intrusion distress. Therefore, 

although an attentional bias modification may be able to decrease intrusion frequency, it appears 

unlikely that it will effect intrusion distress. Therefore, in terms of treatment implications, it seems 

that it is important to attend to both dimensions of intrusions in efforts to reduce the presence and 

intensity of them.  

These implications leave open the possibility for future research. Future research could 

examine whether the measure of attentional bias that appears to be predictive of intrusions only 

after trauma exposure is a bias that fades over time, is maintained or gets stronger. A future study 

could measure attentional bias immediately after the film, record intrusions for seven days and then 

measure attentional bias again. This will allow for an examination of how attentional bias to negative 

information after a negative event changes over time. Research could also look into manipulating 

activities that are done in the window directly following exposure to a negative event to examine if 

different activities lead to different variability patterns in subsequent intrusions.     

In summary, the present study demonstrates for the first time, the individual contributions 

that trait anxiety and attentional bias to negative information each make towards intrusion 

variability. The results suggest that people high in trait anxiety are more likely to experience 
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distressing intrusions and that people with a stronger attentional bias to negative information are 

more likely to experience a greater number of intrusions. Although there are a number of avenues 

for future research to strengthen the interpretation of these findings, these results open up 

potential treatment methods that could improve the efficacy in reducing both intrusion frequency 

and distress. 
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Theme 2: Tuning maladaptive information 

processing  

Study 2.1 Attentional bias modification in residents of bushfire-prone 

communities 

Cognitive models of anxiety specify that the cognitive processing underlying anxiety can 

have an adaptive function. For example, some individuals display heightened attentional vigilance 

for threat cues, called an attentional bias. This attentional style results in high levels of anxiety, but is 

also thought to be more conducive to adaptive planning and preparation in risky environments.  

Conversely, some individuals with low levels of anxiety display a tendency to attentionally avoid 

threat cues and hence may find themselves underprepared when the time comes for decision-

making and action.  

Our own previous research (Study 1.1) has shown that there is a relationship between 

anxiety, worry, attentional bias to threat, and bushfire preparedness. People living in bushfire-prone 

areas who were more anxious and worried, also showed a bigger attentional bias to threat, but 

showed lower levels of bushfire preparedness.  

Researchers in the domain of experimental psychopathology have recently shown that 

selective attentional responses to threat can be modified using a newly developed cognitive 

technology. It is only across the past few years that such techniques have become available, but this 

newly developed field of attentional bias modification (ABM) research has had profound impact, 

albeit largely in clinical settings. Typically, ABM approaches build contingencies into computer based 

tasks, designed to encourage the development of desired styles of attentional selectivity. 

Participants who perform these tasks in extended single sessions come to display either an increase 

in attention to threat or a decrease in attention to threat (depending on the contingency), and this 

has been shown to affect their emotional vulnerability. Specifically, people who are trained to adopt 

an attentional bias towards threat generally display a heightened levels of anxiety and worry when 

confronted with a stressful situation, whereas people who are trained to adopt an attentional bias 

away from threat generally display a lower levels of anxiety and worry when confronted with a 

stressful situation.  

In the context of bushfire preparedness, it is important to establish i. whether attentional 

selectivity for threat-relevant information can be modified, and ii. whether inducing a more optimal 
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level of attentional selectivity would contribute to adaptive emotional and behavioural responding 

to the threat of bushfires. 

Therefore, the aim of the current study was to investigate (1) if attentional bias to threat can 

be remotely manipulated in bushfire exposed community members, and (2) if so, does this single 

ABM session moderate the impact of threatening bushfire warning messages on resulting levels of 

worry and on resulting preparedness intentions? 

To target people living in bushfire-prone areas, candidate participants in Western Australia 

and Tasmania were screened on their proximity to large areas of bushland. People who lived within 

100m of at least one hectare of bushland were considered for participation. The online task 

consisted of an attentional bias modification task designed to induce either an attentional bias 

towards or away from threat. An attentional assessment task followed to examine whether the 

intended attentional bias modification was successful. Participants’ emotional responses to the 

threat of bushfires was assessed by recording mood before and after the presentation of a bushfire 

warning message video developed by the South Australia Country Fire Service. Finally, a behavioural 

intentions questionnaire and a newly developed behavioural engagement in bushfire preparedness 

were administered to examine the effect of the ABM procedure and the warning video on 

behavioural bushfire preparedness.   

Participants 

Seventy-seven residents in bushfire prone areas in Western Australia (living closer than 100 

metres of 1 hectare of bushland) were recruited via the Online Research Unit (www.theoru.com). 

Participants’’ mean age was 51.7 (range 21-84). The sample included 40 women and 37 men. 

Method 

Attentional bias modification task 

This task was designed to modify patterns of selective information processing. Half of the 

participants were encouraged to attend towards threat (attend threat condition), whereas the other 

half were encouraged to attend away from threat (avoid threat condition). The task presented 

threat-neutral word pairs (based on MacLeod et al., 2002) consisted of 288 trials and. Half of the 

threat words were related to bushfires (e.g. SUFFOCATE, BURNING), whereas the other half were 

general threat words (e.g. RIDICULE, MURDER).. For participants in the attend threat condition, the 

target – two dots aligned horizontally (like this . . ) or vertically (like this : ) –  were always presented 

in the former location of the threatening word. For participants in the avoid threat condition, the 

dots were always presented in the former location of the neutral words. 

http://www.theoru.com/
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Attentional bias assessment task 

This task was similar to the attentional bias modification task, except that for all participants, 

the two dots were presented at the former location of the threat word on half of the trials, and at 

the former location of the neutral word on the other half.  

Assessment of worry about bushfires 

Current bushfire worry was assessed with a single item, asking participants to indicate “How 

worried are you about bushfires are you right now? On a scale ranging from 0 (not at all) to 30 (very 

much). 

Bushfire video 

The video was provided to us by the South Australia Country Fire Service. It is called Intruder 

and compares a bushfire to a burglar who will take what is yours and hurt people you love.  

Preparedness intentions questionnaire 

This measure was a list of 37 preparedness items. For each of the items, participants are 

asked to indicate how likely it is that they will carry out the activity by the end of this fire season. 

Answers are given on a 9 points scale (Definitely not, Very probably not, Probably not, 

Possibly/Possibly not, Probably, Very probably, Definitely will, Already done, N/A). The preparedness 

intentions measure is the weighted mean score of the items on which participants answered 

anything between “Very probably not” to “Very probably” (where “Very probably not” gets a score 

of 6  and “Very probably” gets a score of 6).  

Assessment of preparedness priority task 

This was a new task, developed for the purpose of this study (see figure below). The aim was 

to develop a task on which responses are unaffected by people’s current level of preparedness 

(which may induce confounds in the preparedness intentions measure).  

Participants were told to image a scenario in which they inherit a property in the same area 

as where they live now. They are told: ”The property hasn't been inhabited for a while and it 

requires some work. You plan on hosting a housewarming party at the property in a couple of 

weeks. Of course, you want the property to be in a decent state by the day of the party. On the next 

screen, you will see several tasks listed. Each of these tasks hasn't been done yet, and could be done 

by you or someone who has agreed to help you. Each task has an estimated time printed with it, 

which indicates how long it will take to complete. You have calculated that you can spend about 25 

hours working in this new property before the party is held.” 
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Participants were then asked to click on the task they would (have) performed, for up to a 

total duration of 25 hours. Half of the task are related to bushfire preparedness (e.g. Placing metal 

flywire mesh on all vents to keep sparks and embers out”), and half are general maintenance jobs 

(e.g. repainting an ugly feature wall in the kitchen).  

The total number of hours chosen to spend on bushfire preparedness chores relative to the 

hours chosen to spend on general maintenance jobs serves as a measure of preparedness priority. 

 
Figure 7. Preparedness priority task 

  

Procedure 

Participants completed a 1 hour online study in which they first completed the attentional 

bias modification task, followed by the attentional bias assessment task. Worry about bushfires was 

then assessed, after which the video was shown and bushfire worry was assessed again. After this, 

participants completed the preparedness intentions questionnaire and the preparedness priority 

task. 
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Results 

Attentional bias modification 

The results of the attentional bias assessment task showed a smaller attentional bias to 

threat in the avoid-threat condition than in the attend-threat condition. These results indicate that 

consistent with our predictions, a differential attentional bias to threat was induced in the two 

training conditions.  

Does ABM moderate the impact of threatening bushfire 

warning messages on resulting levels of worry and on 

resulting preparedness intentions? 

The bushfire warning video was highly effective in 

enhancing worry about bushfires, F(1,72) = 26.7, p < .001, 

Cohen’s d = 1.29 (large effect), as significantly higher levels 

of worry were reported after the video than before the 

video. This effect was not moderated by training condition, 

F(1,72)= 0.04, p = .84, indicating that for participants in 

both attentional training conditions, worry increased to the same 

extent. 

There was also no significant difference between participants in the two training conditions 

on self-reported intentions to prepare 

for bushfires, t(75)= 0.88, p = .38, or on 

the priority index of preparatory 

intention, t(73)= 0.13, p = .90 (see 

figure). The latter indicates that 

participants in the attend-threat 

condition were not more likely than 

participants in the avoid-threat 

condition to choose chores related to 

bushfire preparedness in the hypothetical home 

renovation scenario. 

F(1,72)= 0.04, p = .84 

Figure 8. Worry data 

Figure 9. Behavioural data 
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Discussion 

The aim of the current study was to investigate (1) whether attentional bias to threat can be 

remotely manipulated in bushfire exposed community members, and (2) if so, whether this single 

ABM session can moderate the impact of threatening bushfire warning messages on resulting levels 

of worry and on resulting preparedness intentions. 

The results showed that the attentional bias modification (ABM) procedure was successful in 

inducing a differential attentional bias in participants who were trained to attend to threat as 

compared to those who were trained to avoid threat. This is a promising finding, and supports the 

validity of the online delivery of such ABM procedures as analogous to traditional lab-based training. 

This finding also confirmed capacity to remotely modify selective attentional bias in bushfire 

exposed community members, demonstrating that ABM can induce in our target population the 

attentional characteristic of good preparedness. 

This single session of attentional bias modification however, had no significant differential 

impact on bushfire worry or preparatory intention. There are several potential explanations for this. 

The first is that one session of ABM may be insufficient. In anxiety research, typically patients 

suffering from dysfunctional levels of anxiety are given 8 session of ABM across a 4 week period (e.g. 

Amir et al., 2009). Such repeated training has been shown to produce significant long-lasting effects 

in terms of anxiety reduction.  Perhaps, to affect preparatory behaviour, similarly a more extended 

version of ABM is necessary, particularly when the training is conducted when information about 

bushfire preparedness is not especially salient (before the start of the fire season).  

A second possibility is that the adaptive consequences of ABM may be restricted to 

particular types of preparatory behaviour, or particular types of individuals. Therefore in future 

studies, we will use the finalised version of the bushfire preparedness measure developed by our 

colleagues at UWA (Dunlop et al., 2014), which has subscales for house preparedness, evacuation 

preparedness, planning preparedness, and vegetation preparedness. In addition, we will assess more 

individual difference variables (such as levels of trait anxiety, levels of worry, catastrophizing, etc.) to 

be able to investigate whether ABM might work best for certain subsets of people. 

A third potential explanation for the lack of differential effects in the attentional training 

groups relates to the powerful immediate effect of the warning message video.  The video was very 

effective in inducing worry, and may have done so to an extent where everyone shows a maximum 

increase in worry. This ceiling effect may have masked the influence of differential attentional bias 
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modification. Future research should consider using a warning message with a less threatening 

content, to allow for a differential impact on worry. 

A last potential explanation is that attention bias modification may exert an adaptive impact 

by altering the degree to which warning messages are processed in “noisy” real world setting, rather 

than altering the consequence of warning messages that are attended to. In the current task, the 

instructions given to participants require them to attend to the video presented on their screen. In 

the real word however, when such a message is broadcasted on the television there are many other 

sources of information people can attend to. It is possible that ABM will later the likelihood of 

people attending to the bushfire message as opposed to other sources of information in their 

environment, but it will not alter the way people process this message when they are required to 

attend to it. To investigate this, future research could present multiple sources of information on the 

screen, one of which is related to bushfires but the other videos are not. It is then possible for 

participants to differentially choose to attend to the fire related message rather than to the other 

messages. 
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Study 2.2 Increasing worry through interpretive bias modification to 

drive adaptive behaviour  

The lack of engagement in appropriate disease prevention or health protection presents a 

real problem in many health domains. For example, despite melanoma skin cancer posing a serious 

risk, causing 48,000 deaths worldwide each year (Lucas et al., 2006), many people still do not engage 

in simple behavioural actions that can significantly reduce the risks associated with sun exposure. 

Many health campaigns therefore endeavour to persuade people to engage in adaptive prevention 

or protection behaviour. Often this is done by attempting to instil a heightened sense of worry by 

increasing people’s awareness of their susceptibility to the risk, or of the severity of the outcome. 

Research has shown that such ‘fear appeals’ can be quite effective in producing adaptive behaviour 

(Witte & Allen, 2000). Indeed, the construct of worry has been identified as a driver for adaptive 

health behaviour, particularly in high risk populations (McCaul et al., 1996).  

In investigating cognitive processes underlying worry and anxiety, research has shown that 

these are associated with distinct processing biases (MacLeod, 2012). One of these biases is the 

interpretation bias, defined as the tendency to interpret ambiguous information in a negative way. 

Since then, cognitive bias modification (CBM) has been established as a method for changing these 

dysfunctional patterns of selective information processing. CBM tasks targeting interpretation (CBM-

I) typically encourage participants to consistently resolve emotionally ambiguous information in a 

more positive or benign way (Mathews & Mackintosh, 2000). Studies have shown that successfully 

manipulating these biases to enhance processing of threat is associated with an increase in anxiety 

vulnerability, whereas modifying these biases to reduce processing of threat is associated with a 

decrease in anxiety vulnerability (MacLeod et al., 2002; Mathews & Mackintosh, 2000). Naturally, all 

clinical applications of CBM have implemented task variants designed to reduce selective processing 

of threat to deliver emotional benefits in clinical populations. Even though studies have shown that 

biases can also be effectively altered to increase processing of threatening information, the potential 

benefits of this approach in encouraging adaptive behaviour have thus far not been exploited. 

Cognitive models of emotion have indicated that the very same information processing 

biases implicated in emotional disorders can be adaptive when they target classes of information 

that signal legitimate danger (Ohman & Mineka, 2001). In these cases, the absence of processing 

biases favouring threatening information is likely to decrease the likelihood that an individual will 

accurately identify a genuine threat, placing them at a greater risk of harm. For example, the 

tendency to consistently interpret instances of physical discomfort as benign may lead an individual 

to experience comfortably low levels of anxiety and worry, but will also prevent them from seeking 
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appropriate medical treatment. Therefore, when faced with a genuine threat, enhanced processing 

of threatening information is likely to be adaptive. The question thus arises whether CBM paradigms 

can be used to modify selective processing biases to target greater processing of information that 

poses a genuine threat to ultimately produce more adaptive behaviour when facing a real threat. 

Given that research supports a positive relationship between worry and future 

prevention/protection behaviour, it is likely that the success of health campaigns will depend on the 

degree to which they can increase worry. Since it has been shown that a negative interpretation bias 

causally contributes to worry symptoms (Hayes, Hirsch, Krebs, & Mathews, 2010; Hirsch, Hayes, & 

Mathews, 2009), the aim of the current study was to investigate whether adopting a negative 

interpretation bias, as compared to a positive interpretation bias, can increase worry elicited by a 

health campaign video, and consequently increase its effectiveness in motivating adaptive 

behavioural patterns. To our knowledge, this is the first study to investigate the potential applied 

benefits of encouraging enhanced processing of threatening information via CBM. 

Participants were trained to adopt either a positive or negative interpretation bias using 

emotionally ambiguous physical threat scenarios that remained ambiguous until the last word 

(Hoppitt, Mathews, Yiend, & Mackintosh, 2010). In each scenario, a few letters of the last word were 

omitted and participants were required to complete the word fragment in a way that was consistent 

with the content of the scenario. For half the participants, this last word resolved the scenario in a 

negative way, whereas for the other half the last word resolved the scenario in a benign way. By 

completing 100 of these scenarios, participants are encouraged to adopt a pattern of interpretation 

that favours imposing either positive or negative disambiguations on ambiguous material.  

After this training procedure, all participants watched a melanoma campaign video depicting 

of melanoma cells developing and spreading through the body. Worry and negative affect were 

assessed before and after the presentation of the video. After viewing the video, sun 

protection/melanoma prevention behaviour was assessed using a behavioural intentions 

questionnaire and a new measure of adaptive sun protection developed for the purpose of this 

study. This second measure was developed in light of the low predictive value of traditional 

measures of behavioural intentions on actual behaviour (Webb & Sheeran, 2006). 

We hypothesized that participants encouraged to adopt a negative interpretation bias 

regarding physical threat would experience more worry when confronted with a health campaign 

video than participants encouraged to adopt a positive interpretation bias. The second hypothesis 

was that to the degree the interpretive training and the video campaign are effective in increasing 

worry, people’s engagement in sun protection behaviour should be enhanced. 
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Participants 

Participants were 40 undergraduate students from the University of Western Australia, 

participating for course credit. The final sample consisted of 9 men and 31 women, with a mean age 

of 18.4 (SD = 1.8).  

Method 

State and trait anxiety were measured using the Spielberger State-Trait Anxiety Inventory 

(Spielberger et al., 1983). This questionnaire consists of two 20 item scales. Worry was assessed 

using the Worry Domains Questionnaire short form (Stober & Joormann, 2001). Mood was assessed 

with six items asking participants to indicate to what extent they currently experienced a particular 

affect. These were rated on a 9 point likert scale anchored from not at all to extremely. Three items 

assessed positive affect (excited, happy, enthusiastic; averaged to a PA score), and three assessed 

negative affect (irritable, distressed, anxious; averaged to a NA score). Melanoma worry was 

assessed using a single item asking participants to indicate how worried about melanoma skin cancer 

they were at present. Responses were made on a 9 point likert scale anchored from not at all to 

extremely. 

Participants were allocated to one of two interpretation bias training conditions. In the 

positive training condition, participants were trained to impose positive resolutions to emotionally 

ambiguous scenarios. In the negative training condition, participants were trained to impose 

negative resolutions to emotionally ambiguous scenarios. Each scenario consisted of three 

sentences which remains emotionally ambiguous until a final word that disambiguates the 

emotional meaning in either a threatening or benign way. An example of a scenario with the 

disambiguating final words in parentheses reads as follows: 

“You are getting ready to go out and look at yourself in the mirror. You notice a brown mark 

on your face that you do not remember seeing before. It is very small and you realize it may actually 

be (at-rac-ive/m-l-gnant).” Participants read each scenario, one line at a time and were instructed to 

read the scenarios and fill in the blanks in the last word. The training task consisted of 100 of these 

scenarios. In the last half of training, positive and negative test items were included to assess 

whether the interpretation bias manipulation was successful. 

After the interpretation bias task, participants watched a melanoma health campaign video 

to assess the influence of interpretation bias training on the processing of melanoma related 

information designed to influence behaviour.  This was a 30 second advisory campaign video about 

melanoma skin cancer, created by and provided to us by the cancer institute of New South Wales. 
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The video zooms in on a person tanning on the beach, graphically showing how cancerous cells 

develop and then spread through the body (http://www.youtube.com/watch?v=wJ9HkvFFgyo). 

Mood and worry ratings were obtained before and after the video. 

Next, participants completed two behavioural measures. Engagement in sun protection 

behaviour was assessed by a game measuring preferential selection of sun protective items. The 

computerised task was developed for the current study. Participants were presented with a brief 

background story in which they were to imagine that they were going on a summer holiday in 

Australia and they discover upon arrival the airline had lost their luggage. As compensation the 

airline provided a voucher of $200AUD that could be spent on typical beach products (see Figure 

10). The items included 10 sun protection measures such as sunscreen and hats; and 10 other items 

such as a beach ball and Frisbee. The ratio of money participants spent on sun protection items, 

relative to non-sun items, served as a measure of engagement in protective behaviour. 

The behavioural intentions questionnaire consisted of five questions, gauging to what extent 

participants intended to engage in 5 different sun protection behaviours when exposed to harmful 

sunshine in the following summer. These behaviours were based on the five targets of the Australian 

Cancer Council,: slip on sun-protective clothing, slop on sunscreen, slap on a hat, seek shade, and 

slide on wrap-around sunglasses (Cancer Council Australia Website). Responses were to be made on 

a five point scale, ranging from Never to Always. Further details on the design of this study can be 

found at http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.008509. 

 

Figure 10. Lost luggage game.  

http://www.youtube.com/watch?v=wJ9HkvFFgyo
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.008509
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Results 

Interpretation bias training 

A successful induction of a negative interpretation bias would lead to participants in the 

negative training group to respond faster to the negatively resolved test items than to the positively 

resolved test items, and vice versa for people in the positive training group. An interpretation bias 

index can be calculated by subtracting reaction times on positive test items from reaction times on 

negative test items. A higher score is thus indicative of a more positive interpretation bias. To assess 

whether an interpretation bias for physical threat had been successfully induced, a Univariate 

ANOVA was conducted with the interpretation bias index as dependent variable and Group (positive 

vs. negative training) as factor. Results showed a significant effect of Group, F(1,37) = 3.97, p = .05, 

Cohen’s d = 0.64 (medium effect), such that, as expected, the group that was trained to adopt a 

positive interpretation bias showed a more positive interpretation bias (M = 384, SD = 670) than the 

group that was trained to adopt a negative interpretation 

bias (M = -115, SD = 886).  

Effect of bias training on video experience 

Analyses on group differences on post-video mood 

scores showed that, contrary to our expectations, the video 

elicited more melanoma worry in participants in the positive 

training group than in participants in the negative training group, see figure 11. The training did not 

differentially affect NA or PA scores, Fs < 1. 

Worry and sun protection behaviour 

In the lost luggage game, the proportion of money spent on sun protection items (relative to 

total amount spent) served as a measure of engagement in sun protection behaviour. The average 

proportion of money spent on sun protection items was .59 (SD = .15), corresponding to an average 

of 109AUD (SD = 33). The average compiled score of reported intentions to engage in sun protection 

behaviour was 17.16 (SD = 3.05). The correlation between the two behavioural measures marginally 

significant, r(31) = .34, p = .06. For both measures, there were no significant differences between 

training groups, ts < 1. 

To assess whether worry was associated with adaptive sun protection, correlational analyses 

were performed with the two sun protection measures. The correlation between video-elicited 

melanoma worry and the proportion money spent on sun protection in the lost luggage game, t(39) 
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Figure 11. Worry data 
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= .42, p < .01, was significant, indicating that as expected the more participants increased in 

melanoma worry because of the video, the more they spent on sun protection in the game. 

Discussion 

The aim of the current study was to investigate whether training people to adopt a negative 

as opposed to a positive interpretation bias can increase the effectiveness of a health campaign 

video by inducing more worry. Results showed that contrary to our hypothesis, participants in the 

positive training group reported higher levels of worry in response to the melanoma video than 

participants in the negative training group. However, a bigger increase in worry was indeed 

associated with more engagement in sun protection.  

Several explanations for the finding that the induction of a positive interpretation bias led to 

a bigger increase in worry when watching a health campaign video than adopting a negative 

interpretation bias can be considered. First, previous studies that have influenced worry through 

positive CBM-I training have focused on reducing maladaptive, pathological worry in clinical or sub-

clinical samples (Hayes, Hirsch, Krebs, et al., 2010; Hirsch et al., 2009). This type of intrusive worry is 

considered maladaptive as it is irrelevant to the present task and goals. However, it is possible that 

the type of worry induced through health campaigns is different from such maladaptive worry in 

that it is solution-focused in relation to a specific and real threat. As such it is possible that this type 

of adaptive worry might be triggered by different mechanisms. It has been suggested that 

rumination, a term often used to define worry, can be divided into three categories. Action 

rumination is focused on correcting past mistakes and achieving current goals, state rumination 

focuses on the implications of failure, and task-irrelevant rumination can serve to distract from a 

failure experience and is focused on events or people unrelated to the failure experience (Ciarocco, 

Vohs, & Baumeister, 2010). The type of worry assessed in the Hayes, Hirsch, Krebs, et al. (2010); 

Hirsch et al. (2009) studies might be classified as task-irrelevant rumination, which is maladaptive. 

Given that worry in the health domain is known to facilitate adaptive behaviour, it is possible that 

this type of worry is more similar to action rumination. Perhaps to increase this action rumination in 

non-clinical samples, different mechanisms need to be targeted as compared to when decreasing 

maladaptive task-irrelevant rumination. This is yet to be investigated. 

A second issue which could potentially bear on the present pattern of findings, is the relative 

match between the training context and the context of the emotional experience. In a recent study, 

Mackintosh, Mathews, Eckstein, and Hoppitt (2013) (Experiment 3) demonstrated that CBM-I only 

influenced emotional vulnerability to a failure experience when the content of the training and the 

content of the emotional experience were matched. In the current study, there was a stark contrast 
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between the content of the training in the positive interpretation bias training condition (positive 

outcome to potential physical threats) and the content of the video (unambiguously negative health 

threat). Similar to (Mackintosh et al.), it is possible that establishing a positive interpretation bias via 

repeated exposure to positive/benign scenarios leads to greater violation of positive expectancies in 

response to the threatening melanoma video. This surprise effect may then contribute to higher 

levels of worry elicited by the video.  

The second important finding was that worry significantly predicted of adaptive behaviour. 

The positive correlation between melanoma worry and engagement in sun protective behaviour is 

consistent with other findings that have shown that melanoma worry predicts greater engagement 

in sun protection behaviour including the uptake of a sunscreen coupon in sunbathers (Mermelstein, 

Weeks, Turner, & Cobb, 1999), and skin cancer screening clinic attendance (De Rooij, Rampen, 

Schouten, & Neumann, 1997). McCaul and Mullens (2003) offer several explanations for why worry 

might drive adaptive behaviour. Firstly, the experience of worrying over something can be an extra 

reason to take health protective action on top of already existing reasons, and the more reasons 

there are to take action, the more likely it is that action will be undertaken. Secondly, as worry 

involves uncontrollable repetitive intrusive thoughts about the risk or danger, worry may keep the 

issue salient and thus serve as an active reminder that something needs to be done. This way, worry 

might act as an ongoing cue to take action. Thirdly, worry might produce mental simulations of the 

risk or danger, including potential solutions to the problem (Rivkin & Taylor, 1999). This problem-

solving component might explain why worry, as opposed to anxiety, can drive adaptive behaviour. 

Future research could examine whether other CBM paradigms might also be effective in 

targeting behavioural change in the context of health psychology. For example, attentional bias 

modification has been shown to increase job performance in a highly stressful workplace 

(Dandeneau, Baldwin, Baccus, Sakellaropoulo, & Pruessner, 2007 study 3b). If CBM-A can indeed 

affect self-esteem, decrease stress and thereby increase optimal performance, the question remains 

whether it can also affect emotional and cognitive responding in a way that would optimise patterns 

of behaviour in the context of health promotion or disease prevention. Future studies could thus 

investigate the effectiveness of other CBM paradigms to target health behaviour. 

The current study presents a first investigation into increasing worry through cognitive bias 

modification for interpretation to effect an increase in adaptive health protection behaviour. 

Although contrary to expectations a bigger increase in melanoma worry was achieved in the positive 

rather than the negative interpretation bias training condition, more worry was associated with 

more adaptive behaviour as assessed with a new prospective measure of sun protection behaviour. 
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Future studies should investigate which cognitive bias modification paradigms are most effective at 

targeting health related prevention/protection behaviour, and which types of worry need to be 

amplified to fuel this adaptive behaviour. 
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Study 2.3 Emotion-in-motion: A new attentional bias modification 

task 

Research has shown that attentional bias to threat can be modified using the well-known 

dot-probe paradigm (Hakamata et al., 2010). When such attentional selectivity is successfully 

modified, this has a direct impact on emotional vulnerability (Clarke, Notebaert, et al., 2014; 

Hakamata et al., 2010; MacLeod & Mathews, 2012). However, not all studies have achieved 

therapeutic benefits from delivering this probe-based ABM task (see for example Boettcher, 

Hasselrot, Sund, Andersson, & Carlbring, 2014; Boettcher et al., 2013; Carlbring et al., 2012; 

Neubauer et al., 2013; Rapee et al., 2013; Schoorl, Putman, & Van der Does, 2013). It is crucial to 

note that, whenever change in attentional bias has been assessed, it has consistently been found 

that the failure to achieve emotional benefits from this ABM procedure has reflected a failure to 

successfully modify attentional selectivity as intended. In contrast, when the ABM task has proven 

successful in attenuating attention to threat, so too it has consistently yielded emotional benefits 

(Clarke, Notebaert, et al., 2014). While this pattern confirms the therapeutic value of effective 

attentional bias modification, it suggests that the conventional probe-based ABM approach may not 

be the optimal procedure for achieving such bias modification. Hence the challenge for ABM 

research is to find alternative effective ways of changing patterns of attentional bias. Consequently, 

many researchers in this burgeoning field have called for the development and validation of new 

ABM tasks, which may ultimately be deployed in clinical settings (Bar-Haim, 2010; Courtney Beard, 

2011; Clarke, Notebaert, et al., 2014; Hallion & Ruscio, 2011; Van Bockstaele et al., 2014).  

While there has been growing recognition of the importance in moving beyond the dot-

probe ABM task, to develop and validate new improved methodologies for directly modifying biased 

patterns of attentional selectivity, as yet this has not resulted in the expansion of ABM tasks 

necessary to allow comparison of different approaches. The aim of the current study was to develop 

a new ABM task, and compare its effectiveness to that of the traditional probe ABM task. This new 

task was based on the popular card game ‘snap’, in which a matching judgment needs to be made 

between two exposed cards. In the current task, this matching response concerned whether faces 

shown on the two cards were of the same person. In order to be able to train differential attentional 

responding emotional information, each card presented two faces, each of a different individual, 

one displaying a happy expression and one displaying an angry expression. To encourage 

development of an attentional bias away from threat, some participants were required to base their 

matching response solely on identities of the happy faces. Conversely, to encourage development of 

an attentional bias towards threat, other participants were instead required to base their matching 
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response solely on the identities of the angry faces. Thus, in line with other ABM tasks, successful 

task performance would be enhanced by adopting a pattern of processing that favoured greater 

selective attention towards either the more positive or the more negative information contained in 

each display (MacLeod & Clarke, 2013).  

The two specific aims of the current study were to determine whether this new person 

identity matching (PIM) ABM task: (i) can produce a change in attentional bias in line with the 

allocated attentional training condition of equal or greater magnitude to the attentional change 

elicited by the conventional dot-probe ABM task, and if so, (ii) impacts on emotional vulnerability to 

an equal or greater degree than does the conventional dot-probe ABM task. To investigate this, 

participants with mid-range levels of trait anxiety were allocated to one of four conditions: i. Dot-

probe ABM configured to encourage attentional bias away from threat (attend-happy), ii. Dot-probe 

ABM configured to encourage attentional bias towards threat (attend-angry), iii. Person identity 

matching ABM configured to encourage attentional bias away from threat (attend-happy), iv. Person 

identity matching ABM configured to encourage attentional bias towards threat (attend-angry). To 

determine the effectiveness of the ABM tasks in modifying attentional selectivity, attentional bias to 

threat was measured before and after exposure to the ABM procedure, using the traditional dot-

probe attentional bias assessment task. To determine the impact of the ABM tasks on emotional 

vulnerability, we compared the intensity of negative emotional reactions to a video stressor 

presented after participants completed these differing ABM conditions.  

It was expected that participants who completed the ABM tasks in the attend-happy 

conditions would show reduced selective attention to the angry faces, post attentional training, than 

would participants who completed the ABM tasks in the attend-angry conditions. It also was 

expected that the ABM would impact on emotional vulnerability, evidenced by participants who 

received ABM in the attend-happy conditions showing attenuated elevation of negative mood state 

in response to the final video stressor, as compared to participants who instead received ABM in the 

attend-angry conditions. The validity of our new person identity matching (PIM) ABM task, as a 

means of modifying attentional bias and altering emotional vulnerability, would be confirmed by the 

demonstration that it exerts these effects. Moreover, our experimental design also will permits us to 

appraise whether the impact of this new ABM procedure, on both attentional bias and emotional 

vulnerability, falls short of, equals, or exceeds, that of the ABM task most widely used by 

contemporary clinical investigators. 

Participants 
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Participants were community volunteers recruited via university networks. There was no 

financial or other remuneration for participation. The sample consisted of 83 participants. 

Participants were randomly allocated to one of the following four conditions: Dot-probe ABM 

attend-happy condition; Dot-probe ABM attend-angry; Person identity match ABM attend-happy 

condition; and Person identity match ABM attend-angry. There were no significant differences in 

age, gender ratio or STAI-T trait anxiety score between the 4 groups (p > .1). 

Method 

Dot-probe attentional assessment task. To assess change in attentional bias as a result of 

the ABM tasks, participants completed assessments of attentional bias before and after completing 

the ABM tasks. This assessment bias task (based on MacLeod et al., 1986) consisted of 96 trials, each 

showing a picture of a happy and angry face. The face stimuli were selected from the Karolinska 

Directed Emotional Faces (KDEF) stimulus set (Lundqvist, Flykt, & Öhman, 1998) 

Dot-probe ABM task. This ABM task was similar to the dot-probe attentional assessment 

task. However, to encourage development of selective attending to angry or happy faces a 

contingency was introduced between probe position and the position of each emotional face. This 

contingency differed between training conditions. Specifically, in the attend-happy condition, probes 

were presented in the location formerly occupied by the happy face on every trial. In the attend-

angry condition, probes were presented in the location formerly occupied by the angry face on every 

trial. Crossing person identity, picture location, and probe identity created 128 trials. These were 

each presented three times for a total of 384 trials. 

Person Identity Match (PIM) attentional training task. In this task participants were 

required to assess whether or not the identity of two people matched. Virtual “cards” were created, 

each with one image depicting a person with a happy expression and a person with an angry 

expression. Participants were shown two of these cards, one at the bottom of the screen and one at 

the top of the screen. Participants in the attend-happy condition were required to judge whether or 

not the person showing the happy expression was the same individual on each of the two presented 

cards. Conversely, participants in the attend-angry condition were required to judge whether or not 

the person showing the angry expression was the same individual on each of the two cards. 

Participants clicked the left mouse button to indicate an identity match, and the right mouse button 

to indicate an identity mismatch. After the response had been given, the bottom card moved to the 

top location of the screen, and a new card appeared at the bottom location. Thus, participant 

judgement always required them to focus their attention on the individuals displaying the target 

emotion within each of the two presently exposed cards (and ignore the other individuals displayed 
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the alternative emotion), in order to judge whether or not their identity differed. The bottom card 

always appeared with a green border. In the current task, the match/mismatch responses was 

signalled by the border of the top card appearing in green if the response had been a match, or 

turning red if the response had been a mismatch. 

Stressor task. The stressor task involved exposure to four short video clips, taken from news 

footage and depicting real-life emergency rescue situations, which have previously been shown to 

be effective in eliciting negative emotional reactions (Wilson et al., 2006). To assess the emotional 

reactivity to the video stressor, negative mood was assessed before and after this stressor using two 

11 point (range 0 – 10) mood scales, as in MacLeod et al. (2002).  

 

Figure 12. Example of PIM task display (not to scale). For participants in the attend-happy condition, 
these two cards would require a match response, as the same person is showing the happy 
expression in the two cards. For participants in the attend-angry condition, these two cards would 
require a mismatch response.  

Results 

To investigate whether the ABM tasks were successful in inducing a differential attentional 

bias to threat, attentional bias index (ABI) scores were first computed. For both the pre and post-
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training attentional assessments, reaction times on trials in which the probe replaced the angry face 

were subtracted from reaction times on trials in which the probe replaced the happy face. A larger 

score on this index is indicative a larger attentional bias towards threat.  

Results showed that the dot-probe ABM task did not succeed in differentially modifying 

attentional bias, from pre- to post-training, as function of training condition. In contrast, for the PIM 

ABM task, participants in the attend-happy condition displayed reduced attentional bias to threat 

scores from pre-training to post-training, t(21) = 2.27, p = .034, Cohen’s d = 0.66 (medium effect), 

whereas participants in the attend-angry condition instead displayed a marginally significant 

increase in attentional bias to threat scores from pre-training to post-training, t(22) = 2.05, p = 0.53, 

Cohen’s d = 0.70 (medium effect). Importantly, following the person identification matching task, 

but not before, participants in the attend-happy condition showed significantly lower attentional 

bias to threat scores than did participants in the attend-angry condition, t(43) = 2.10, p = .041, 

Cohen’s d = 0.63 (medium effect). In summary, therefore, our new person identity matching ABM 

task successfully modified attentional bias to threat as intended, and did so more effectively than 

the conventional probe-based ABM task, which did not significantly modify selective attentional 

responding to threat.   

To investigate whether the ABM tasks were successful in inducing differences in emotional 

vulnerability, as evidenced by emotional reactivity to the stressor, negative mood scores reported 

before and after watching the videos were analysed. Results showed that the dot-probe ABM task 

was not successful in modifying emotional vulnerability. However, for the participants who received 

the PIM ABM task the magnitude of the increase in negative mood was attenuated for in the PIM 

attend-happy condition, compared to participants in the PIM attend-angry condition, (1.30, SD = 1.1 

vs. 2.15, SD = 1.6 respectively, t(43) = 2.07, p = .045, Cohen’s d = 0.62 (medium effect). Therefore, 

our new PIM task successfully modified emotional reactivity to the video stressor as intended, and 

did so more effectively than the conventional probe-based ABM task, which did not significantly 

influence emotional reactivity.   

Discussion 

The results from the current study showed that our new person identity matching (PIM) 

ABM task was effective in modifying attentional bias, as at the end of PIM task, participants who had 

completed it in the attend-happy condition showed reduced attentional bias to threat as compared 

to participants who had completed it in the attend-angry condition. Moreover, this change in bias 

had a subsequent effect on emotional vulnerability, evidenced by the fact that participants who 

completed this new ABM task in the attend-happy condition showed an attenuated elevation of 
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negative mood in response to the subsequent stressor, as compared to participants who instead 

completed it in the attend-angry condition.  

In contrast, the conventional dot-probe ABM task failed to induce the intended attentional 

change in the present study. This adds to existing evidence that the intended attentional bias 

modification is not always achieved using this dot-probe training task (Carlbring et al., 2012; Clarke, 

Browning, Hammond, Notebaert, & Macleod, 2014; Clarke, Notebaert, et al., 2014; Dahl & Dahl, 

2010; Hakamata et al., 2010; Morris & DeShon, 2002; Neubauer et al., 2013; Teo, Lerrigo, & Rogers, 

2013). Given the present failure of the dot-probe ABM task conditions to induce differential change 

in attentional bias, it is unsurprising that dot-probe ABM task condition also did not differentially 

influence emotional reactivity to the stressor. This is consistent with our prior observation that ABM 

procedures only affect emotional vulnerability when they successfully modify attentional responding 

to threat information (Clarke, Notebaert, et al., 2014).  

Several factors could have contributed to the greater success of the new PIM ABM task, as 

compared to the conventional dot-probe ABM task. First, in the PIM ABM task participants must 

necessarily process the emotional valence of the stimuli in order to execute the task. In contrast, 

participants are able to perform the conventional dot-probe ABM task without the need to process 

stimulus valence, and so may less reliably register the differing valence of the presented stimuli. 

However, the success of the procedure to change attentional selectivity depends on participants 

registering the link between stimulus valence and probe location. Therefore, inconsistency in the 

degree to which participants process stimulus valence plausibly could translate into inconsistency in 

the degree to which the procedure induces attentional change. It is therefore possible that the 

conventional dot-probe ABM task may be non-optimal because it does not necessitate the 

processing of stimulus valence, and that the need to process the emotional tone of the stimuli in our 

new PIM task accounts for its greater success in modifying attentional responding to threat. Second, 

the PIM task was designed to be more game-like by representing the stimuli and trials to participants 

in the format of playing cards and giving participant a score at the end of each completed ‘deck’. This 

may have enhanced engagement with and concentration on the task.  

A potential advantage of the PIM task is that it could be delivered in ways that would 

facilitate transfer of training from the ABM task to real world situations in which bias change is likely 

to be therapeutic. Such enhancement of transfer could be obtained by actually delivering the 

training as an integral component of people’s interactive, complex, real world experiences. For 

example, the PIM task readily lends itself to potential delivery without the use of a computer. This 

would simply require using printed versions of the virtual cards that were currently displayed on the 
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computer screen. There is plentiful research in both adults and children showing that heightened 

anxiety is associated with increased social isolation (Chou, Liang, & Sareen, 2011; Dahl & Dahl, 2010; 

Modin, Ostberg, & Almquist, 2011; Teo et al., 2013). In addition, research has shown people with 

mental health issues are particularly vulnerable to engage in problematic computer use (Kraut et al., 

1998). Therefore, developing ABM tasks that do not rely on computers and that incorporate a social 

aspect could represent a major advancement in terms of the accessibility, acceptability, and 

effectiveness of ABM. Future research could therefore examine whether a card-based version of the 

PIM task is equally effective as the computerised version. 

Moreover, card-based ABM approaches of this nature offer the potential to implement ABM 

in a social session using dyads of participants. For example, given the association between anxious 

parents and anxious children (Grover, Ginsburg, & Ialongo, 2005), this task could potentially 

represent an ideal ‘homework’ task that children being treated for anxiety disorders could play with 

their parents. As in the traditional game of snap, the two players could alternate laying out a new 

card, and they would make a matching judgment based on the identities of people carrying one 

particular facial expression. Given that matches occur less often than mismatches, the first person to 

notice a match would win and collect all the cards that have been laid out. This way, a pattern of 

attentional selectivity is encouraged while also encouraging social interaction. The effectiveness of 

this version of the PIM task can be examined in a similar manner to the current study, by assessing 

change in attentional bias and impact on emotional vulnerability.  

Because the PIM task is a self-paced task, it is likely to be more suitable for implementation 

in specific populations for which task requirement might vary widely, such as children and older 

adults (Brand & Jolles, 1987; Cerella, 1985; Fry & Hale, 1996). Among children, the prevalence rates 

for anxiety disorders range from 5.7 to 17.7%, making them the most common form of 

psychopathology in this age group (Costello & Angold, 1995). Children with elevated levels of anxiety 

have been shown to display an attentional bias to threat (Bar-Haim et al., 2007a), that is amenable 

to modification (Bar-Haim, Morag, & Glickman, 2011). Anxiety disorders are also highly prevalent in 

older adults (10-20), with generalised anxiety disorder the most frequently diagnosed anxiety 

disorder in this population (Byers, Yaffe, Covinsky, Friedman, & Bruce, 2010). Research has shown 

that the anxiety-linked cognitive bias is similar in older and younger adults (Fox & Knight, 2005; 

Murphy & Isaacowitz, 2008), however to our knowledge, no research has implemented specific ABM 

in older samples. Future research can investigate whether the self-paced PIM task is equally 

effective and better suited than traditional reaction time ABM tasks in these populations with 

varying processing speeds and speed of motor execution.  
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Study 2.4 The effect of explicit instruction on the efficacy of 

attentional bias modification 

There is now persuasive evidence that CBM-A procedures are capable of modifying 

attentional bias to negative information. Furthermore, the consistent finding has been that, when 

CBM-A successfully attenuates attention bias to negative information, so it also serves to attenuate 

anxiety vulnerability (C. Beard, Sawyer, & Hofmann, 2012). It is worth noting, however, that not all 

CBM-A studies have successfully attenuated attentional bias to negative information, and perhaps 

not surprising when no such attentional change has been elicited then no attenuation of anxiety 

vulnerability has been observed (Carlbring et al., 2012; Julian, Beard, Schmidt, Powers, & Smits, 

2012; Rapee et al., 2013). Clearly, this pattern of findings is fully consistent with hypothesis that 

attentional bias to negative information can make a causal contribution to anxiety vulnerability. 

Nevertheless, they emphasize the need for investigators to focus on delineating the factors that may 

impair or enhance the efficacy of CBM-A (Courtney Beard, 2011; MacLeod & Mathews, 2012).  

In a recent methodological critique of this field, MacLeod, Koster, and Fox (2009) called, in 

particular, for future researchers to evaluate the role that explicit instruction may potentially play in 

the effective delivery of such bias modification. Noting prior researchers’ exclusive reliance on 

incidental learning, MacLeod et al. raise the possibility that explicitly instructing participants to 

practice the intended pattern of processing selectivity may potentially enhance the efficacy of CBM-

A, while also cautioning that there are equally compelling grounds to anticipate that such explicit 

instruction could compromise the efficacy of CBM-A. For example, while there is evidence that 

explicit instruction can enhance cognitive training on some tasks (Foorman, Francis, Fletcher, 

Schatschneider, & Mehta, 1998), it also has been found to impair such training effects on other tasks 

(Berry & Broadbent, 1984). Despite the call for researchers to investigate this issue, no CBM-A study 

has yet explicitly instructed participants to actively practice the pattern of attentional selectivity 

which the training contingency is designed to encourage. Hence, it remains unknown how the 

provision of such instructions would affect the capacity of CBM-A procedures to alter attentional 

selectivity and anxiety vulnerability.  

The experiments reported in this paper were designed to address the two key questions 

pertaining to this issue. First, if participants are informed of the training contingency and instructed 

to actively practice the pattern of attentional selectivity this contingency is designed to encourage, 

then will the CBM-A procedure still effectively modify attentional response to negative information? 

Second, if participants are informed of the training contingency and directed to practice the target 
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pattern of attentional selectivity, then will the CBM-A procedure still effectively alter anxiety 

reactivity to a subsequent stressful experience? 

In both of two experiments we exposed participants who reported mid-range anxiety 

vulnerability to a probe-based CBM-A task, designed to differentially modify attentional responses to 

negative information. This task was closely based on the original CBM-A procedure employed by 

MacLeod et al. (2002), and our first experiment was essentially a replication of this earlier study, in 

which participants were provided with no information about the training contingency, and were not 

instructed to actively practice the target pattern of attentional responding to the negative stimuli. In 

the second experiment, however, participants were informed of the training contingency, and were 

explicitly instructed actively practice the pattern of selective attentional responding to negative 

stimuli that the training contingency was designed to foster. In both experiments we assessed the 

attentional impact of CBM-A condition, by examining probe discrimination latencies on attentional 

assessment trials from which the training contingency was eliminated. In both experiments we also 

assessed the impact of CBM-A condition on anxiety vulnerability, by subsequently exposing 

participants to an anagram stress task and examining the magnitude of the resulting anxiety 

response to this stressor.        

Participants 

In experiment 1, sixty-four introductory psychology students from the University of Western 

Australia accepted an invitation to participate. Participants were randomly allocated to one of two 

training conditions. Half of the participants (9 males) were assigned to a training contingency 

designed to induce attentional avoidance of negative information (avoid negative training). The 

remaining participants (7 males) were exposed to the training contingency designed to induce 

attentional vigilance for negative information (attend negative training). Participants assigned to the 

two training conditions did not differ in terms of trait anxiety scores, t (62) = .008, p = .931, age, t 

(62) = .87, p = .355, or gender ratio, χ2 (1, n = 64) = .33, p = .564. 

In experiment 2, sixty-four introductory psychology students from the University of Western 

Australia took part. They were selected in exactly the same manner as in Experiment 1, and again 

were assigned at random to the same two CBM-A training conditions. Those assigned to the two 

training conditions did not differ in terms of trait anxiety scores, t (62) = .61, p = .436, age, t (62) = 

1.01, p = .318, or gender ratio, χ2 (1, n = 64) = .09, p = .768. 
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Method 

Participants completed a dot-probe attentional training task, similar to the task originally 

described by MacLeod et al. (2002). Half of the participants were allocated to a condition aimed at 

inducing an attentional bias towards threat, whereas the other half was assigned to a condition 

aimed at inducing an attentional bias away from threat. To assess whether the bias modification 

procedure was successful, the training task was followed by a dot-probe assessment task (MacLeod 

et al., 1986).  

To investigate anxiety reactivity to a stressor, participants next completed an anagram stress 

task, also used by MacLeod et al. (2002). Participants were informed that the anagram task was part 

of ongoing research into the relationship between performance on cognitive tasks and academic 

achievement. They were told that they would be video-taped during task performance, and that 

their video might be used for teaching purposes in forthcoming psychology tutorials, if they scored 

in the lower or upper 10th percentile of task performance. Participants were given 3 minutes to 

solve as many anagrams as possible. Once the 3 minute time period had expired, a message was 

displayed on the screen stating that the participant’s performance was in the lower 10th percentile, 

and that their video would be used for later demonstration purposes. Anxious mood state was 

assessed on the visual analogue anxiety scale immediately before and immediately after the 

anagram task. 

In Experiment 1, no explicit instructions on the bias modification task were given. In 

Experiment 2 however, participants were informed before the training task about the aim of the 

training task, and about the desired pattern of responding. For further detail on the design of these 

studies, please refer to Appendix E. 

EXPERIMENT 1 RESULTS 

Impact of Attentional Bias Modification Procedure on Attention 

To determine whether the training manipulation induced a group difference in attentional 

bias, the attentional bias index scores were subjected to a mixed-design Training Condition (Avoid 

Negative Training vs. Attend Negative Training) x Word Pair Status (Old Word Pair vs. New Word 

Pair) ANOVA. This analysis revealed a significant main effect of Training Condition, F (1, 30) = 4.88, p 

= .035. This reflected the fact that, on this post-attentional training assessment, participants who 

had completed the attend-negative CBM-A condition displayed higher scores on the index of 

attentional bias to negative information (M = 66.27, SD = 102.93), than did participants who had 

completed the avoid-negative condition (M = -52.60, SD = 172.20), Cohen’s d = 0.84 (large effect). 
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This confirms that the two CBM-A conditions induced a group difference in attentional response to 

negative stimuli on this assessment version of the probe task employed in the training procedure. 

The absence of an interaction with Word Pair Status, F < 1, confirms that the attentional training 

effect generalised to emotional stimuli not previously encountered in the attentional training trials. 

Impact of Attentional Bias Modification Procedure on Anxiety Reactivity 

A Training Condition (Avoid Negative 

Training vs. Attend Negative Training) by 

Anxiety Assessment Point (Pre-Anagram 

Assessment vs. Post-Anagram Assessment) 

ANOVA on the anxiety scores obtained from the 

analogue mood scale given before and after the 

anagram stressor showed a significant 

interaction between the two factors, F (1, 30) = 

4.64, p = .035.  

As can be seen in Figure 13, the 

magnitude of this anxious response was 

attenuated in participants who had just been 

exposed to avoid negative CBM-A condition, 

compared to those who had just been exposed to the attend negative CBM-A condition.  

EXPERIMENT 2 RESULTS 

Impact of Attentional Bias Modification Procedure on Attention 

The same analyses were performed as in Experiment 1. This revealed a very robust main 

effect of Training Condition, F (1, 30) = 22.06, p < .001, reflecting the fact that the participants who 

had received the attend negative CBM-A condition displayed very much higher scores on the index 

of attentional bias to negative information (M = 152.07, SD = 129.18), than did those participants 

who had received the avoid negative CBM-A condition (M = -70.59, SD = 138.79), Cohen’s d = 1.66 

(large effect). Again, this effect did not further interact with Word Pair Status F (1, 30) = 1.31, p = 

.260. Hence, these results confirm that it is possible to effectively modify attentional responses to 

negative information when participants are informed of the training contingency, and explicitly 

instructed to practice the pattern of attentional selectivity this contingency is designed to foster.  
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Figure 13. Impact of anagram stress experience 
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Impact of Attentional Bias Modification Procedure on Anxiety Reactivity 

In striking contrast to Experiment 1, there was now no evidence whatsoever of an 

interaction between Anxiety Assessment Point and Training Condition, F (1, 30) = .44, p = .509. 

Hence, in the present study which informed participants of the training contingency, and instructed 

active practice in the target pattern of attentional selectivity, exposure to the avoid negative and 

attend negative CBM-A condition did not result in differing levels of anxiety vulnerability, as revealed 

by the intensity of anxiety reactions to the anagram stressor. 

The analyses carried out on the attentional bias scores, and the anxiety reactivity scores, in 

this second study serve to answer the two key questions we sought to address in the present 

research. Specifically, the findings clearly demonstrate that, when participants were informed of the 

training contingency and instructed to practice the target pattern of attentional selectivity, in this 

second study, the CBM-A manipulation still effectively modified attentional bias to negative 

information, but such modification of attentional selectivity was not accompanied by any 

corresponding change in anxiety reactivity to the subsequent stressor.  

Discussion 

The growing evidence that cognitive bias modification procedures targeting attention can 

alter anxiety vulnerability (Hakamata et al., 2010) has led to increased interest in identifying how 

alternative approaches to CBM-A delivery might influence its effectiveness (MacLeod & Mathews, 

2012). The present research was motivated by the prior call to empirically establish whether 

informing participants of the training contingency and instructing them to actively practice the 

target pattern of attentional selectivity, rather than relying on incidental learning, eliminates or 

augments its efficacy (MacLeod et al., 2009). Our findings indicate that although the use of explicit 

task instructions did not compromise the capacity of the CBM-A manipulation to modify attentional 

response to negative information, it eliminated the impact of the CBM-A manipulation on anxiety 

vulnerability.    

Perhaps CBM-A training fails to influence anxiety vulnerability when it involves deliberately 

practicing the target pattern of attentional selectivity because the resulting CBM-A induced 

attentional bias is strategic in nature. In contrast, it is commonly believed that individual differences 

in anxiety vulnerability are characterized by variation in automatic attentional bias (Bar-Haim et al., 

2007a). For example, Teachman, Joormann, Steinman, and Gotlib (2012) conclude in their recent 

review that the attentional bias displayed by individuals with heightened anxiety vulnerability is 

uncontrollable, unconscious, and unintentional in nature, all hallmarks of an automatic process. 
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However, some recent evidence suggests that conventional CBM-A procedures may also impact on 

strategic attentional responding to negative information (Browning, Holmes, & Harmer, 2010; Eldar 

& Bar-Haim, 2010; Koster, Baert, Bockstaele, & De Raedt, 2010), though it seems likely that such 

strategic change may become automatized with sufficiently extended practice. Future research 

could usefully examine whether CBM-A variants that do, or do not, instruct participants to actively 

practice adopting the target pattern of attentional selectivity differ in the degree to which they 

influence automatic patterns of attentional selectivity, and whether this may account for their 

differing impact on anxiety vulnerability.  

Another possibility is that the attentional bias induced when participants are informed of the 

training contingency, and instructed to actively practice the target pattern of attentional selectivity, 

may be more narrow in its scope of operation than is the case when the conventional CBM-A 

approach is adopted. There are two ways in which the training effect may be more narrow. First, the 

attentional bias induced by former CBM-A approach could be narrow in the sense that, while 

enduring, it influences selective attention only under very constrained conditions that closely match 

the training task. Second, the induced bias may be more transient, ceasing to operate beyond the 

temporal boundaries of the original CBM-A training procedure. In either case, the CBM-A procedure 

would become less likely to influence the pattern of attentional selectivity adopted during 

performance of the anagram stressor task, and so would be less likely to impact on emotional 

reactivity to this stressor.  

The current findings give rise to an important practical dilemma. Researchers have recently 

reported that some participants receiving multi-session CBM-A express frustration over the absence 

of an explicit rationale that enables them to understand the nature of the training procedure, and to 

more actively engage in the intended modification process (Courtney Beard, Weisberg, Perry, 

Schofield, & Amir, 2010). Given the evidence that the efficacy of interventions often can be 

augmented by improving acceptability of the procedure (Kaltenthaler et al., 2008), this invites the 

development of CBM-A approaches that explicitly communicate the attentional training rationale, 

and actively involves recipients in the process of altering attentional responding to negative 

information. However, the present findings cast doubt on the merit of such an approach to CBM-A 

delivery. Future research should directly investigate whether the extended instructed training 

likewise does not result in any emotional benefits. Although the present single session of CBM-A did 

not influence anxiety vulnerability, this may not be the case following extensive practice. With more 

extended exposure to such training the resulting attentional change may become less intentional, 

with the result that it then comes to exert the desired impact on anxiety vulnerability. Optimism that 

such an approach may prove effective is buoyed by the evidence that initially intentional cognitive 
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change produced by explicit instruction can become unintentional through extended exposure to 

continued practice (Mullen, Hardy, & Oldham, 2007). 

Alternatively, it may be better not to give patients explicit information about the training 

contingency, or instructed practice in the desired pattern of attentional responding to negative 

information, in order to preserve the emotional benefits of CBM-A, and to instead try to increase the 

acceptability of CBM-A to participants in alternative ways. For example, future researchers may 

attempt to make CBM-A tasks sufficiently enjoyable, perhaps by making them more game-like in 

design, so that motivation to complete them does not necessarily depend on the participants’ 

understanding their intended mechanisms of operation.  

In conclusion, the present results suggest that the provision of explicit information and 

instructed practice in the desired pattern of attentional selectivity, while potentially enhancing 

acceptability with CBM-A, may eliminate its capacity to effectively alter anxiety vulnerability. Hence, 

when it comes to delivering CBM-A in clinical settings, it may well be the case that ignorance is bliss. 
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Study 2.5 Targeted CBM: attentional training for pre-sleep worry-

related sleep disturbance 

Attention bias modification (ABM) is an emerging procedure that aims to train change in 

patterns of selective attention that are a consistent feature among individuals with emotional 

pathology and nonclinical individuals reporting elevated trait vulnerability to anxiety (Bar-Haim, 

2010). Multiple studies including multisession ABM procedures have now indicated that attentional 

modification is associated with an attenuation of attentional bias to threat and a reduction in anxiety 

and worry symptoms (MacLeod & Mathews, 2012). However, despite this early encouraging work, 

there have been some recent failures of ABM with clinical samples. The most salient example in this 

regard has been the study by Carlbring et al. (2012) who employed a randomised controlled trial and 

detected no effect of an internet-delivered ABM procedure designed to induce attentional 

avoidance of threatening information in clinically socially anxious individuals.  

Close examination of the conditions under which previous ABM studies have yielded positive 

results highlights the differences in the format of ABM procedures in clinically-based and laboratory-

based studies. Overall, lab-based ABM studies have been shown to produce significant benefits to 

anxiety-related forms of psychopathology with the transient modification of attentional bias and 

emotional vulnerability. In contrast, clinically-based ABM studies have shown failures in clinical 

samples with the multisession delivery of ABM across a period of weeks. Therefore, it is possible that 

the format of clinically-based ABM studies may not be the best and/or the most efficient use of this 

methodology. Rather, the emotional benefits of ABM might be best realised when these procedures 

are delivered at a time when biased attention to threatening information is likely to be most acutely 

problematic, and thus its attenuation most beneficial. 

To examine the possibility that such transient modification of attention at a targeted point in 

time may enhance the emotional benefits of ABM, it would be necessary to identify a condition 

where (a) selective attention to threat is implicated as be a maintaining factor, (b) the condition is 

characterised by discrete periods where selective attention and its emotional consequences are 

particularly problematic, and (c) these discrete problematic situations are predictable such that they 

would allow an individual to pre-empt their onset and complete an ABM procedure before the 

situation occurs. An ideal situation that fulfils each of these criteria is sleep disturbance. 

Recognition of the importance of information processing biases in insomnia is reflected in its 

inclusion in many theoretical models (Borkovec, 1982; Espie, Broomfield, MacMahon, Macphee, & 

Taylor, 2006; Harvey, 2002). Harvey’s (2002) cognitive model of insomnia, for example, proposes 
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that the tendency to worry about potential negative sleep-related events triggers both autonomic 

arousal and emotional distress, which heightens vigilance toward the detection and monitoring of 

sleep-related threat in the pre-sleep period. Results from studies that use cognitive processing tasks 

(Jones, Macphee, Broomfield, Jones, & Espie, 2005) and objective measures of (Spiegelhalder et al., 

2010) have accumulated strong empirical evidence for the presence of a sleep-related attentional 

bias in sleep disturbance. Consistent with cognitive theories of insomnia, these findings suggest that 

selective attention to threat has a role in the maintenance and possibly precipitation of insomnia-

related sleep disturbance; thus, they highlight the suitability of sleep to examine the efficacy of a 

targeted ABM procedure.  

Not only is sleep perfect for ABM, it also represents a significant problem in its own right. 

Insomnia-type sleep disturbances are frequent among individuals with an anxiety disorder and 

persons with high trait anxiety (Monti & Monti, 2000). These difficulties may lead to persistent 

deficits in sleep that are associated with daytime fatigue, functional impairment, work absenteeism, 

severe mood disturbances, and an increase in the likelihood of the onset of future mental disorder 

(Fortier-Brochu, Beaulieu-Bonneau, Ivers, & Morin, 2012). Therefore, it is a problem that warrants 

investigation to enhance the capacity of existing treatments to normalise sleep patterns.  

In the current study, we sought to examine whether the delivery of ABM at a targeted point 

in time (i.e., immediately before sleep) can yield benefits in sleep-related worry and insomnia for a 

group of participants who identified as experiencing such difficulties in relation to sleep disturbance. 

To investigate whether the delivery of ABM is associated with the transient modification of attention 

that may benefit sleep during the brief period of its influence, participants completed an ABM 

procedure on alternating nights across four days (i.e., ABM, no-ABM, ABM, no-ABM). 

Firstly, if the ABM procedure is effective in reducing sleep-related worry and sleep 

disturbance then we expect that participants should report a reduction in the severity of sleep-

related worry on those nights when ABM is delivered. And, if the induced impact of ABM on worry is 

transitory, then we expect that the benefits of ABM will not be observed on the immediate 

subsequent night (i.e., when no-ABM is delivered). Finally, if ABM modifies worry but not sleep 

quality then it would suggest that worry may not play the central role in sleep disturbance that some 

suggest. 

If the results provide evidence to support these predictions then delivering ABM when 

attentional bias to threat is most acutely problematic could be an efficient use of this methodology 

in future investigations that seek to enhance the implementation of ABM in real-world settings. 
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Participants 

We wished to recruit people reporting high levels of sleep disturbance and worry about the 

consequences of their sleep difficulties. To achieve this we screened 698 introductory psychology 

students at the University of Western Australia on two items which asked students to rate the extent 

that sleep difficulties associated with insomnia are a problem for them and the extent they consider 

worry to cause their sleep difficulties. These were rated on separate 5-point scales ranging from 1 

(“not at all”) to 5 (“excessive”). Individuals were considered eligible to participate if they reported 

“moderate” to “excessive” sleep difficulties and worry. Candidates were informed that they would 

be compensated for their participation with partial course credit. Eighteen individuals (Mage = 19.50, 

SD = 2.60; 14 female) accepted our invitation to participate. 

Method 

Experimental measures 

The 8-item cognitive subscale of the Pre-Sleep Arousal Scale (PSAS-C; Nicassio, Mendlowitz, 

Fussell, & Petras, 1985) was employed to assess the experience of pre-sleep worry-related 

symptoms. Participants completed a modified version of the sleep diary presented by Morin (1993) 

upon waking, which was used as a subjective measure of sleep quality. The diary consists of ten 

items, which the following sleep parameters can be derived from: total sleep time, sleep onset 

latency, number of nocturnal awakenings, wakefulness after sleep onset, time in bed, sleep 

efficiency, and overall sleep quality (where overall sleep quality is rated on a 5-point scale of 1, “very 

bad” to 5, “very good”).  

Experimental task 

To encourage attentional avoidance of threatening sleep-related information we employed 

an online version of the Attentional Bias Modification (ABM) probe task used by MacLeod et al. 

(2002). On each trial, a threat and non-threat word pair were presented. The threatening words that 

are relevant to concerns about the anticipated consequences of poor sleep. On all of the 288 trials 

the probe replaced the locus of the non-threat word, thereby creating a contingency, encouraging 

the attentional avoidance of threat. This training ABM task was completed on alternating nights 

across four experimental days. On the remaining nights participants completed a block of no-ABM 

attentional probe trials. The structure of the trials was identical to the ABM task, with the critical 

exception that no contingency was present between the threat-word location and the probe 

location – probes appearing equally in the spatial location of both. A block of 96 such assessment 

trials was delivered at the end of each day (training or no training) to assess whether or not a change 
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in attentional bias had occurred. On all nights, following the completion of the ABM or no-ABM task, 

participants completed the PSAS-C. 

Procedure 

Participants were given a description of the procedures regarding the completion of the 

online task on eight consecutive nights (with the first two nights consisting only of a questionnaire, 

see figure 14) and a sleep diary on waking for eight consecutive mornings. They were provided all 

necessary materials in an envelope and were asked to commence the experiment beginning on the 

same night. Whether or not the experimental phase started with ABM or no-ABM was 

counterbalanced across participants. 

                       Baseline  Experimental  

Day 1 Day 2 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 

Worry Worry ABM No ABM ABM No ABM ABM No ABM 

 

Figure 14. Summary of baseline and experimental phases. Participants completed a worry or 

ABM/no-ABM task at night and a sleep diary the following morning across eight consecutive days. 

 

Results 

Impact of ABM on Relevant Sleep Indices 

If the impact of attention training provides specific benefits to sleep then we expect that 

participants should report a reduction in sleep diary indices relevant to difficulties falling asleep (i.e., 

Sleep Onset latency, SOL) and appraisals of the overall quality of sleep (i.e., SQ) on those nights 

when ABM is delivered compared to the immediately subsequent night when it is not. 

The results showed that the type of task completed had a significant effect on Sleep Onset 

Latency, F(1, 17) = 5.92, p = .02. The ABM-associated acute manipulation of attentional bias reduced 

sleep difficulties on that night compared to both no-

ABM nights and to a baseline assessment of SOL. A 

similar pattern of effects was observed for sleep 

quality (SQ).  

Impact of ABM on Worry 

If excessive worry in the pre-sleep period is 

a contributing factor to the maintenance of sleep 

difficulties then we expect that participants should report a 
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Figure 15. Impact of ABM on worry 
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reduction in sleep-related worry and sleep difficulties on those nights when ABM is delivered 

compared to those nights when it is not. To assess whether the ABM procedure was effective in 

reducing sleep-related worry, we compared worry scores across the days with different tasks. 

Consistent with our hypothesis, less worry was reported after the ABM task, as compared to the no-

ABM task or baseline days, F(1, 17) = 5.25, p = .03, see figure 1.  

Impact of ABM on Attentional Bias 

If the ABM procedure was effective at encouraging attentional avoidance of sleep-related 

threatening information then we expect that participants should show diminished attention to 

threatening sleep-related words when ABM is delivered compared to those nights when no-ABM is 

delivered. Performance on the dot probe task across the study was as expected, such that the 

average threat bias score on ABM nights reflected diminished attention to sleep-related threat 

compared to no-ABM nights, where attention to sleep-related threat was enhanced. However, this 

effect failed to reach statistical significance, F(1, 17) = 1.28, p = .27. 

Discussion 

Results support the hypothesis that an ABM procedure, delivered at a carefully targeted 

point in time (i.e., immediately before sleep), can yield specific benefits in sleep-related worry and 

insomnia for participants who report experiencing such difficulties in relation to sleep disturbance. 

The present findings therefore support the idea that the delivery of ABM at a time when attentional 

bias to threat is thought to be most acutely problematic is a condition under which ABM can more 

precisely target attention and related cognitive underpinnings, thereby optimising emotional 

benefits. This key outcome provides clarity of the cognitive processes that underpin sleep 

disturbance and offers a possible way of enhancing the effectiveness of clinically-based ABM 

procedures to deliver potentially therapeutic benefits in real-world settings. 

As per the early suggestion of MacLeod et al. (2002), that ABM could deliver potentially 

therapeutic benefits outside lab-based settings, we found that a home-based targeted ABM 

procedure delivered benefits to both worry and sleep. Furthermore, this procedure possibly 

enhanced the benefits of attentional training. Therefore, it is possible that this very procedure could 

be translated into an effective line of treatment for insomnia-related sleep difficulties, either to 

enhance current treatments or as a standalone intervention. The current standard therapy for 

insomnia, Cognitive Behavioural Therapy for Insomnia (CBTi), arguably contains components that 

target worry (Harvey, Tang, & Browning, 2005); in contrast, it is already well-supported that ABM is 

effective at targeting worry and subsequently reducing the instance of negative thought intrusions 
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amongst high worriers (Hayes, Hirsch, & Mathews, 2010). Furthermore, ABM has also shown its 

capacity to deliver emotional benefits within a single-session of attentional training (MacLeod et al., 

2002). Thus, the capacity of a targeted ABM to more precisely target worry and enhance CBTi would 

be prudent for future researchers to investigate. If a targeted ABM procedure shows to enhance the 

effectiveness of ABM in such studies, then it is also likely that this format could be used to enhance 

the emotional benefits of training among individuals with clinical anxiety dysfunction. 

Early ABM studies have shown encouraging outcomes in clinical populations when 

attentional training has been delivered over an extended time-frame (Amir et al., 2009); however, 

recent failures in clinical samples (Carlbring et al., 2012; Julian et al., 2012) suggest that the 

conditions under which attentional training is likely to be successful require investigation. The 

positive results yielded from our targeted ABM procedure clearly indicate that optimising the 

capacity of ABM to more precisely target biased attention could enhance the effectiveness of 

clinically-based ABM studies. The finding that the transient reduction in sleep-related worry 

provided the most benefits to sleep onset difficulties at the third time completing attention training 

compared to the first and second times provides the most compelling evidence for this. Although 

practice effects in relation to the attentional dot probe task could have produced this result, it is 

more likely that it reflects the capacity of an ABM procedure, delivered at a carefully targeted point 

in time, to accumulate ABM-associated emotional benefits over time (consistent with clinically-

based studies) and deliver benefits to real-world anxiety dysfunction within a single ABM session 

(consistent with lab-based studies; (MacLeod & Mathews, 2012)). 

Future research could further examine the contribution of worry to sleep pathology and to 

also illuminate the conditions under which ABM is likely to be most effective. Already, our findings 

provide early evidence that this ABM procedure can enhance the capacity of ABM to more precisely 

target attentional bias and the cognitive underpinnings of anxiety dysfunction. Hence the 

modification of attention at a targeted point in time could be applied to other forms of anxiety-

linked psychopathology that exhibit heightened vigilance to threat at a discrete point in time, such 

as disordered eating (Smeets, Jansen, & Roefs, 2011) or alcohol dependence (Schoenmakers et al., 

2010). 

Our findings indicate that an ABM procedure delivered at a carefully targeted point in time 

can transiently modify patterns of selective attention to threat and cognitive underpinnings in a 

common anxiety-linked form of dysfunction and provide specific benefits in the real-world. The 

effect of attention training on both sleep-related worry, overall sleep quality and sleep onset latency 

across two separate studies lends support to the view that presleep worry causally contributes to 
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the maintenance of sleep disturbance. The fact that sleep onset difficulties were most reduced at 

the third session of attentional training suggests that this approach may enhance resilience to 

negative thought processes that accompany acute periods of stress (See, MacLeod, & Bridle, 2009). 

It is possible, therefore, that targeted attentional training could be translated into a self-

administered treatment to therapeutically ameliorate symptoms of anxiety in times of acute stress 

or be used to enhance the effectiveness of existing treatments (e.g., CBTi). Either of these outcomes 

could benefit the masses of individuals who experience excessive worry in relation to sleep 

disturbance and other forms of anxiety-linked dysfunction.  

This possibility awaits investigation by future researchers. For the present, results enhance 

our understanding of the conditions under which biased patterns of selective attention can be 

modified to more precisely target attention and alleviate anxiety-related dysfunction (Eysenck, 

1988). It appears to be the case that delivering attentional training at a time when selective 

attention to emotionally-relevant threat is most problematic can increase the capacity of training to 

deliver emotional benefits that alleviate real-world anxiety dysfunction.  
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4. TIMELINE OF RESEARCH  

The data collection occurred between 2011 and 2014, primarily at UWA (see Figure 16 for a 

timeline of studies). Many of the studies used well established tasks or modification thereof. 

However, in the course of this project a number of new cognitive assessment and training measures 

were developed to be able to answer specific questions.  

For some studies, the stimuli used within the cognitive tasks were adapted to allow assessing 

cognitive biases to specific types of threats. For example, in study 1.1 and 2.1, the words presented 

in the attentional measures reflected information relevant to those confronted with the treat of 

bushfires. 

New tasks were developed when existing task did not suffices to answer the questions posed. 

For example in study 1.4 where the integration of information relating to different components of 

risk was investigated, existing task did not allow for proper investigating of this integration as the 

levels of severity and levels of likelihood of the risks participants were presented with (e.g. through 

scenario descriptions) were not comparable. Therefore, a new paradigm was developed where for 

each component, 5 levels were differentiated, which allowed for an easy multiplicative 

measurement of the integration of both components.  

Many of these tasks were modified or developed within our lab, however some tasks enjoyed 

the input of other distinguished researchers within the field, such as Prof Jim McLennen at La trobe 

University (study 1.1), prof Emily Holmes at the Cognition and Brain Sciences Unit of Cambridge 

University (study 1.7, 2.2), Prof Romola Bucks at UWA (study 1.3, 1.5), Prof Bethany Teachman at the 

University of Virginia (study 1.5), Prof Bundy Mackintosh at the University of Essex (study 2.4) 
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Figure 16. Timeline of studies.  
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Appendix A  

Detailed method and procedure for Study 1.2 

Participants 

Participants were recruited based in their scores on the Trait Anxiety Inventory (STAI, 

Spielberger et al., 1983), with only those scoring in the top and bottom third of a pool of first year 

psychology students (n=841) being invited to participate. High and low anxious participants were 

randomly allocated to either the mitigation or no mitigation condition. After data trimming, the final 

sample consisted of 38 participants in the mitigation condition, of which 18 were low anxious (3 

men, mean age 20.6, SD = 9.3), and 20 were high anxious (1 man, mean age 18.9, SD = 2.0). There 

were 37 participants in the no mitigation condition, of which 17 were low anxious (3 men, mean age 

20.0, SD = 5.8), and 20 were high anxious (5 men, mean age 18.1, SD = 1.3).  

The probe discrimination trial component 

In this first part of each trial, a set of seven colored circles were presented, and the 

distribution of attention across the display was measured by requiring participant to identify a probe 

presented in one of these circles. A graphical representation of the display in this component can be 

found in Figure 16. There were eight possible colors: blue, turquoise, yellow, green, orange, purple, 

red and grey. To measure the distribution of attention across the display, a target probe line 

(extending 1°) was superimposed on one of the circles. This target probe was either perfectly 

horizontal or perfectly vertical in orientation, with equal frequency. “Foil” lines were presented on 

the other circles, which were tilted line segments (22.5° to either side of the horizontal or vertical 

plane).  

There were three types of trials (see Figure 17). (1) On threat congruent trials, the color 

signalling the possibility of a noise burst at the end of the trial (the threat cue) was present, and the 

target probe was presented in the locus of this circle; (2) On threat incongruent trials, the threat cue 

was present, and the target probe was presented in the locus of one of the other 6 circles; (3) On 

baseline trials, none of the 7 circles were presented in the color that signalled the possibility of a 

noise burse at the end of the trial.   

The digit identification trial component 
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In the second part of each trial, participants were required to perform a simple digit 

identification task. They had to indicate whether the majority of three digits presented were odd or 

even. The implications of performance on this simple task differed for participants in the mitigation 

condition and no mitigation condition. Participants in the mitigation condition were accurately 

informed that if they gave a correct response within 2 seconds, they would avoid the noise burst 

delivered at the end of the trial if a threat cue was presented earlier in the trial, but that if they 

reacted incorrectly of too slowly then the noise burst would be delivered if the threat cue had been 

present. Participants in the no mitigation condition instead were accurately told that “the delivery of 

the noise burst is independent of the speed or accuracy of your responses on the probe 

discrimination and digit identification task.” In this way, participants in the participants in the 

mitigation condition were provided with the opportunity to mitigate the danger signalled by the 

threat cues, whereas participants in the no mitigation condition were not.  

Procedure 

Participants first completed the state and trait version of the STAI, and were then given a 

practice phase of the task. Part of the practice phase was designed to enable participants to learn 

which color of stimulus predicted the subsequent noise burst. This began with trials that presented 

only circles, without probes, and participants were instructed to find out which color predicted the 

noise burst. There were sixteen trials on which one colored circle was presented centrally, followed 

by eight trials where seven circles were presented as in the probe discrimination task. On two of the 

trials with one stimulus, and two of the trials with seven stimuli, the threat cue was presented, and a 

noise burst was delivered. Trials consisted of a 1000ms fixation cross, 1000ms stimulus presentation, 

a blank screen (random duration between 200 and 500ms), the noise burst if delivered, and a 500ms 

inter trial interval. At the end of the practice phase, participants had to report which color was linked 

to the noise burst. All participants responded correctly. 

 The experiment phase was comprised of two blocks of 210 trials, each block consisting of 15 

threat congruent, 90 threat incongruent, and 105 baseline probe discrimination trials. Participants in 

the mitigation condition were now instructed that they could avoid the noise burst if they reacted 

quickly and accurately enough on the digit identification component, whereas participants in the no 

mitigation condition were not given these instructions.  

After the practice phase and at the end of the experiment, participants were asked to 

indicate on a 9 point scale how much they felt they had control over the delivery of the noise burst 

(No control to Complete control) to assess whether the mitigation manipulation was successful. 
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Figure 17. Example of the probe discrimination stimulus display. The spotted circle represents the 
threat cue. The left panel depicts a threat congruent trial, the middle panel a threat incongruent trial 
and the right panel a baseline trial. 
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Appendix B  

Detailed method and procedure for Study 1.3 

Lexical decision letter strings 

The task consisted of 240 trials in which pairs of letter strings were presented. The letter 

strings could be either words or non-words, and the words could either have a positive or negative 

emotional tone. Trials were equally divided so that 60 non-word/non-word, 60 word/non-word, 60 

non-word/word and 60 word/word pairs were presented. Subsets of words were required to vary so 

that they were negative or positive in emotional tone, and words of negative and positive emotional 

tone were presented with equal frequency.  

Positive, negative, and neutral words were chosen from a large list rated by older and 

younger raters, and only selected if they were rated as positive, negative, or neutral – respectively-  

by both older and younger raters. Analyses showed that the negative words were as negative as the 

positive words were positive. Non-words were selected from the ARC Nonword database (Rastle, 

Harrington, & Coltheart, 2002). There was no difference in average length between words and non-

words.  

Lexical decision task 

The lexical decision task consisted of 240 trials. Trials were presented in a randomised 

sequence. Each trial began with two lines of crosses presented in the centre of the screen for 500 

ms, one above the other, separated by a 30 mm gap (see Figure). One line of crosses was marked 

with a pair of inward pointing chevrons. Participants were asked to attend to the line of crosses 

marked by a pair of inward pointing chevrons and 500 ms later the first letter string appeared in the 

location of this line of crosses (order and location of stimuli were fully counterbalanced). Participants 

were asked to indicate whether the string was a word (right mouse press) or a non-word (left press). 

After a response was made, the initial letter string became a line of crosses. The white chevrons 

moved to the second line of crosses, which became a new letter string. Participants were then 

required to make another lexical decision. This was the end of one trial. Critical trials were those that 

assessed engagement bias (40 trials) and disengagement bias (40 trials).  

Engagement bias assessment trials were those where a participant judged a non-word 

followed by an attentionally distal emotionally valenced word (negative or positive). In engagement 

bias assessment trials the key measure was the time taken to make a lexical decision after moving 
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spatial attention from a meaningless non-word towards an emotionally valenced word (negative or 

positive). For these trials speeding would indicate facilitated engagement with the emotion word. If 

heightened anxiety is associated with facilitated attentional engagement with negative words, those 

in the HTA group should show measuring the speed with which a participant engaged with a 

negative word. Screen 1 appeared for 500 ms, then Screen 2 appeared automatically. Screen 2 

remained until the participant responded, then Screen 3 appeared immediately. Screen 3 remained 

until the participant made a response, then Screen 4 (blank screen) appeared immediately. The 

blank screen remained for 1 s, then the next trial began.  

In a disengagement bias assessment trial the word appeared first, followed by a non-word. 

speeded attentional engagement for negative words, relative to positive words, and this should be 

disproportionately evident in the HTA participants relative to the LTA participants. Disengagement 

bias assessment trials were those in which participants judged an attentionally proximal emotional 

word (negative or positive) followed by a non-word. In disengagement bias assessment trials, the 

key measure was the time taken to make a lexical decision after moving spatial attention from an 

emotion word (negative or positive) to a non-word. For these trials, a slowing would suggest a deficit 

in disengaging attention from the emotion word. If heightened anxiety is associated with a deficit in 

disengaging attention from negative words, those in the HTA group should show slowed attentional 

disengagement for negative words, relative to positive words, and this should be disproportionately 

evident in the HTA participants relative to the LTA participants. Emphasis was placed on both rapid 

and accurate responses. The dependent measure was the time taken to make the second lexical 

decision in each trial, which was influenced by the time taken to shift attention from the first to the 

second stimulus in the trial. Participants completed a short practice session in which 16 neutral 

word/non-word pairs were presented. 

Procedure 

Participants began the session by completing the STAI-S. Participants then sat a comfortable 

viewing distance from the computer screen to complete the lexical decision computer task. This task 

took approximately 15 minutes, and was one of a small set of tasks, the others being delivered by 

researchers interested in other aspects of age differences in anxiety vulnerability. 

Data handling 

For disengagement bias assessment trials, the time taken for a participant to make a lexical 

decision correctly identifying a non-word after viewing an emotion word (negative or positive) was 

recorded. The latency for the second lexical decision was the dependent variable, and was used as a 
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measure of the speed with which participants shifted attention away from (disengaged from) the 

initially proximal negative or positive emotional word. For engagement bias assessment trials, the 

time taken for a participant to make a lexical decision correctly identifying an emotional word 

(positive or negative) after viewing a non-word was recorded. The latency for the second lexical 

decision was the dependent variable, and was used as a measure of the speed with which 

participants shifted attention towards (engaged with) the initially distal negative or positive 

emotional word.  
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Appendix C  

Detailed method and procedure for Study 1.4 

Coin investment task 

The risk participants were exposed to was the delivery of a 500ms white noise burst, 

presented to participants through headphones. Two coloured rectangles (blue and orange) depicted 

information about the likelihood and severity of the noise burst. One of the coloured rectangles 

presented information about the likelihood that the noise burst would be presented, with a darker 

hue indicative of a higher likelihood. The other coloured rectangle presented information about the 

severity of the noise burst, with a darker hue indicative of a louder noise. There were five levels of 

the likelihood a noise burst would be delivered: 20%, 40%, 60%, 80% and 100%. There were also five 

levels of severity: the noise burst could either be 60db, 70db, 80db, 90db, or 100db.  

A grey square, shaded darker to either the left of right, indicated whether the noise burst 

would be delivered through the left or right ear piece of the headphones. The aim of including this 

stimulus was to present relatively neutral risk-related information to allow variability in the 

information participant could attend to.  An image of a coin, 2cm in diameter, signalled the 

opportunity for risk mitigation. 

Procedure 

The study consisted of assessing demographic information, followed by the anxiety 

questionnaire and the coin investment task.  Next, the coin investment task served to assess 

individual differences in risk mitigation behavior in response to differing risks. Participants were 

instructed that on each trial, there was a risk of the noise burst being delivered. However, on certain 

trials, they would be given the opportunity to avoid this noise burst (i.e. mitigate the risk) if they so 

desired. This was represented by a coin that participants obtained at the start of a trial. Participants 

could decide to hold on to the coin to invest later, or invest the coin to mitigate the risk. Each time a 

coin was invested, two trials followed in which no new coin was obtained, and in which 
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consequently the noise burst could not be avoided. After these two trials a new coin was obtained. 

 

Figure 18. Coin investment task trial overview. Dashed outlined boxes indicate were only present on 

trials in which a coin was available. 

On each trial, the two coloured rectangles depicting information about the likelihood of a 

noise burst to be delivered, and the volume of that noise burst (severity) were presented to the left 

and right of fixation, which was occupied by the grey square. To ensure participants attended to this 

information, a probe was presented at one of the three locations after the squares disappeared. The 

probe consisted of two small dots, either in horizontal or vertical alignment. Participants were 

required to respond as quickly as possible with a left-click on the mouse if the dots were aligned 

horizontally, or a right-click if the dots were aligned vertically. 

After the probe response, participants were given the opportunity to invest the coin if a coin 

had been available on that trial. If it was, the coin image was displayed with the question “Invest 

coin? Y/N”. Participants could choose to invest the coin and avoid the noise burst by pressing the Y 

key, or to save it by pressing the N key. A detailed overview of the trial sequence is presented in 

Figure 1.  

The severity and likelihood of the noise burst were varied independently, such that each 

level of severity was crossed with each level of likelihood. This was crossed with the location of the 

probe, which could be presented at each of the three locations. There were 108 possible trials. To be 

able to assess how likely a participant was to mitigate the risk (i.e. invest the coin) on each of these 

trials; trials in which no coin was available were repeated until each of these 108 trials had been 

presented with the opportunity for risk mitigation (i.e. the participant had the opportunity to invest 

a coin on that trial).  
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Appendix D  

Detailed method and procedure for Study 1.6 

The computer-based memory task was made up of six blocks consisting of an encoding 

phase and adjoining neutralising and recognition phase. See Figure 18 for an overview of each block. 

 

Figure 19. The encoding, neutralising and recognition phase within each block of the memory task. 

Different colours are represented by different font styles. 

The purpose of the encoding phase was for participants to encode three different sets of 

words, which were represented by three different font colors. Two sets of words were rendered 

threat cues, as they predicted that a noise burst would be delivered in the adjoining recognition 

phase when. One of these sets of threat cues was associated with a prospective memory task, and is 

therefore referred to as prospective threat cues. The other set of threat cues was not associated 

with a prospective memory task, and is referred to as non-prospective threat cues. The third set of 

words was not predictive of the noise burst and was thus labelled non-threat cues.  In the 

neutralising phase, participants could act on the prospective threat cues in order to avoid the noise 

burst later on. Therefore, prospective threat cues required participants to form an intention during 

encoding to perform an action at a later point in time. Memory for all three sets of words was tested 

in the recognition phase. The noise burst linked to the words that functioned as threat cues would 

be played when these words were presented during this recognition test. Since half of the threat 

cues were associated with a prospective intent, the current design allows investigating whether 

prospective memory moderates anxiety-linked memory for threat cues.  

Encoding phase: In the encoding phase, the words were presented one at a time at the 

centre of the computer screen for 1s with a 500ms interval.  
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Neutralising phase: All 24 words from the encoding phase and 24 new neutral words were 

presented in white at once on the computer screen, evenly spread over the screen in grey boxes. 

After 30 seconds of inspection time the computer mouse cursor was activated (displayed) and a 

message would appear in the middle of the screen to indicate that participants could start clicking 

words. Participants then had 20 seconds to click on the words. Because of this time limit, it was not 

possible to click on all the words, which encouraged participants to be selective in which words they 

clicked. Efficient responding in this task constituted clicking prospective threat cues, however there 

was no penalty for clicking on words of the other word types, other than a loss of time.  

Recognition phase: Stimuli in the recognition phase consisted of all words from the encoding 

phase immediately prior to it and the 24 new words from the neutralising phase, presented one at a 

time in random order in a white font. Participants were asked to indicate whether or not they had 

seen the word in the preceding encoding phase by pressing a corresponding key on the keyboard. 

Noise bursts, if delivered, were played 500ms after the participant entered their recognition 

response for that word. Non-threat cues were never followed by a noise burst. Fifty percent of the 

threat cues were followed by a noise burst. Prospective threat cues were only followed by a noise 

burst if they had not been clicked in the neutralising phase.  

Procedure 

Participants first completed demographic questions and the STAI questionnaire. Following this, 

instructions for the memory task were displayed on the screen. Participants were told that they 

would be seeing a set of words, presented in three different colours which were indicative of what 

chance they would have of receiving the noise burst when recognition was tested for that word 

during the adjoining recognition phase. For example, participants were instructed that for words 

presented in green (non-prospective threat cues) there was a 50% chance of receiving the noise 

burst. For words presented in yellow (prospective threat cues) there was a 50% chance of receiving 

the noise burst which could be avoided if these words were successfully neutralised in a neutralising 

task. For words presented in blue (non-threat cues) there was no chance of receiving the noise burst. 

Participants next completed the six blocks of the memory task, with a summary of the instructions 

repeated before each component in each block. 
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Appendix E  

Detailed method and procedure for Study 2.4 

EXPERIMENT 1 

Method 

Experimental Stimuli 

Emotional Word Pairs: The same set of 96 word pairs used by MacLeod et al (2002) was 

employed in the present study. One member of each word pair had a negative emotional valence, 

while the other member had a neutral emotional valence.  

Anagram Task Letter Strings: We employed the same 40 letter strings used by MacLeod et al. 

(2002) in their anagram stress task. 20 of these letter strings were soluble anagrams, in that the 

letters could be rearranged to form a legitimate English word, though these anagrams had been 

rated as very difficult to solve. The remaining 20 letter strings were ‘insoluble’ anagrams, as the 

letters could not be rearranged to form any legitimate English word. 

Questionnaire Instruments 

State-Trait Anxiety Inventory: The trait scale of the Spielberger State-Trait Anxiety Inventory 

(STAI; Spielberger et al., 1983) was employed to assess dispositional anxiety.  

Visual Analogue Mood Scale: To measure levels of anxious mood state before and after 

completion of the anagram stressor task, an analogue mood scale required participants to record 

their anxiety level on a 30 point scale, anchored ‘relaxed’ and ‘anxious’.  

Experimental Tasks 

Attentional Bias Modification Task 

The dot probe task (MacLeod et al., 1986) was used to modify attentional bias to negative 

information. On each trial a fixation cross was presented for 1000ms, after which a negative and a 

neutral word were presented for 500 ms. Next one (.) or two (..) red dots appeared. Participants 

were asked to indicate whether one or two dots were presented by mouse click. The inter trial 

interval was 500ms. For participants in the avoid negative condition, the dots always appeared in the 

screen location where the neutral word had just been presented, while for participants in the attend 

negative condition, the dots always appeared in the screen location where the negative word had 
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just been presented. In total, 576 trials were presented across the attentional bias modification task.

  Attentional Bias Assessment Tasks 

The temporal and physical characteristics of the trials in the attentional assessment task 

were equivalent to those in the attentional training task, except that probes now appeared in the 

location of the previously presented neutral word, and the location of the previously presented 

negative word, with equal frequency, for all participants. In total, 96 trials were presented across 

this attentional assessment task.  

The index of attentional bias to negative information was the degree to which participants 

were faster to respond to probes when they were in the locus of negative word compared to when 

the probes appeared in the locus of the neutral word. To determine whether the induced attentional 

bias generalized to the new stimulus material, we computed this index of attentional bias to 

negative information separately for trials that presented  word pairs previously used in the bias 

modification trials (i.e. “old” word pairs), and for trials that present words not previously exposed in 

these modification trials (i.e. “new” word pairs).  

Anagram Stress Task 

We employed the same anagram stress task used by MacLeod et al. (2002). Participants 

were informed that the anagram task was part of ongoing research into the relationship between 

performance on cognitive tasks and academic achievement. They were told that they would be 

video-taped during task performance, and that their video might be used for teaching purposes in 

forthcoming psychology tutorials, if they scored in the lower or upper 10th percentile of task 

performance. However, unknown to participants, the video camera did not actually record during 

task performance. Participants were given 3 minutes to solve as many as possible. Once the 3 

minute time period had expired, a message was displayed on the screen stating that the 

participant’s performance was in the lower 10th percentile, and that their video would be used for 

later demonstration purposes. Anxious mood state was assessed on the visual analogue anxiety 

scale immediately before and immediately after the anagram task.  

Procedure 

A brief practice task was delivered before the attentional bias modification procedure. The 

participant was told to discriminate the probe identity as quickly as possible, without compromising 

accuracy. Both the attentional bias modification task and the attentional bias assessment task were 

delivered sequentially, without the participant being informed of the transition between these two 
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tasks. Following completion of the attentional assessment task, the participant was provided with 

instructions concerning completion of the anagram task.  

EXPERIMENT 2 

Method 

All materials used in this second study were identical to those used in the first experiment.  

Procedure 

The procedure was identical to Experiment 1. With the sole exception that in this second 

study participants were informed in advance of the training contingency.  Specifically, participants 

were told that a word pair would be presented on each trial, and that one member would have a 

negative emotional tone, while the other would have a neutral emotional tone. Those assigned to 

the avoid-negative condition were informed that probes would generally appear in the locus of the 

neutral word in each pair, and were instructed that they should always quickly shift their attention 

away from the negative word and towards this neutral word, on each trial. Instructions were the 

other way around for participants in the attend-negative condition. Participants were informed that 

the purpose of the experiment was to investigate how the anticipation of probe location, by 

attending to the required word in line with the attentional instruction, would impact on their ability 

to identify the probe quickly and accurately. Participants were told nothing about our interest in the 

emotional consequences of this attentional manipulation. 

 

 


