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Abstract 

 

Although cognitive models of emotion propose that elevated trait anxiety may be associated 

with a memory bias for threatening information, evidence for such an anxiety-linked memory 

bias has been highly inconsistent. Given the crucial role of anxiety in preparing individuals to 

deal with impending danger, we hypothesized that an anxiety-linked memory bias may be 

restricted to cues that signal danger which can be controlled. High and low trait anxious 

participants performed a memory task in which three sets of neutral words were presented. 

These words acted as either controllable threat cues (signalled a loud noise burst that could be 

avoided through a secondary task), uncontrollable threat cues (signalled an unavoidable noise 

burst), or non-threat cues (did not signal a noise bursts). As hypothesised, high anxious 

participants showed better recognition of controllable threat cues as compared to non-threat 

cues, whereas no memory bias for uncontrollable threat cues was observed. No memory bias 

for either type of threat cue was observed in low anxious participants. Future research 

directions into the relationship between anxiety-linked memory bias and danger 

controllability are discussed.   
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It’s all about control: Memory bias in anxiety is restricted to threat cues that signal 

controllable danger. 

Elevated trait anxiety is associated with heightened processing of threat across a range 

of cognitive domains (Amir, Beard, & Bower, 2005; Barlow 2002; MacLeod & Mathews, 

2012). While in some circumstances it is adaptive to experience fear and a heightened state of 

arousal in response to threat, heightened anxiety appears to be characterised by a 

disproportionate preoccupation with future danger (Friedman, Thayer, & Borkovec, 2001).  

This preoccupation with threat is apparent in several anxiety-linked cognitive biases. 

For example, high trait anxious and clinically anxious people display an attentional bias to 

threat cues, meaning they preferentially allocate attention to threatening information (Bar-

Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van Ijzendoorn, 2007).  High anxious 

people are also more inclined to resolve emotionally ambiguous information in favour of 

threatening rather than benign meanings, highlighting an anxiety-linked interpretation bias 

favouring threat (Amir et al., 2005; MacLeod & Cohen, 1993; Mathews, Richards, & 

Eysenck, 1989; Van Bockstaele et al., 2014). Research involving the direct modification of 

these biases has suggested that they causally contribute to heightened anxiety vulnerability 

(Clarke, Notebaert, & MacLeod, 2014; MacLeod, Rutherford, Campbell, Ebsworthy, & 

Holker, 2002; Mathews & Mackintosh, 2000), with early clinical work suggesting potential 

promise for the bias modification techniques in the reduction of pathological anxiety, if the 

modification of the targeted bias is achieved (Bar-Haim, 2010; Hakamata et al., 2010; 

MacLeod & Clarke, 2015; Khalili-Torghabeh et al., 2014). Clearly, therefore, enhanced 

understanding of the processing biases underlying heightened anxiety has both important 

clinical and theoretical implications. 
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In addition to selective attention and interpretation, researchers have also proposed 

that increased processing of threat in anxiety could be manifested by selective memory for 

threatening information (Mathews, Mogg, May, & Eysenck, 1989). Such an anxiety-linked 

memory bias could arise as a consequence of the observed anxiety-linked attentional bias for 

threat, since stimuli that are attended to are remembered better (Christianson, 1992). More 

generally, several theoretical models of emotion would predict an anxiety-linked memory 

bias as a function of selective encoding or retrieval of threatening rather than neutral or 

positive information (for an extensive overview see Mitte, 2008). For example, in Mogg and 

Bradley’s (1998) cognitive-motivational model of anxiety, the detection of threat in the 

environment is thought to cause people to go into “danger mode”, by which cognitive 

resources are allocated to further processing of the threat to enable preventative or protective 

action to be taken. According to the model, danger mode is not required for low levels of 

threat and is only activated as the severity of the threat increases to a moderate level and 

beyond. Then as the threat level rises, cognitive resources are increasingly drawn upon until 

such point that all cognitive resources are recruited in order to avoid harm. While this system 

can be adaptive, anxiety is thought to deregulate the operation of this system, causing a high 

trait anxious individual to operate in danger mode for lower levels of threat and thus more 

often (Mogg & Bradley, 1998). Mitte (2008) suggests that this model could also explain the 

origin and functionality of an anxiety-linked memory bias. When individuals go into danger 

mode, the selective allocation of cognitive resources to the encoding and retrieval of threat-

related information may result in an enhanced memory bias for threatening information. 

However, despite sound theoretical reasons to expect the existence of an anxiety-linked 

memory bias, the findings regarding the presence of such a memory bias have been highly 

inconsistent (Mitte, 2008).  
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The majority of research examining anxiety-linked memory bias has involved tasks 

that present participants with threat-related and neutral words (e.g. failure, attack, and 

elbows, clothes; MacLeod & McLaughlin, 1995) during an initial encoding stage, after which 

memory for these words is assessed through recognition, cued or free recall. For example, 

Becker, Roth, Andrich, and Margraf (1999) compared memory for self-relevant threat-related 

words and non-threat words between people diagnosed with generalised anxiety disorder 

(GAD), people diagnosed with social phobia, and non-anxious individuals. Results showed 

no evidence that people in the clinical groups remembered threat-related words better than 

non-threat words. However, these findings are contrasted by those of a similar study. Coles, 

Turk, and Heimberg (2007) had people diagnosed with GAD and non-anxious individuals 

perform the same learning task and free recall test as in the Becker et al. (1999) study. The 

results showed that, as compared to the non-anxious participants, participants with GAD 

remembered threat-relevant words better than non-threat words, suggesting the presence of an 

anxiety-linked memory bias.  

Such inconsistency of findings is characteristic of research in this area, with some 

studies  showing evidence of enhanced memory for threatening over neutral material in 

anxious participants (see for example Cloitre, Shear, Cancienne, & Zeitlin, 1994; Reidy, 

2004; Reidy & Richards, 1997a, 1997b) and others finding little or no support for a bias of 

this nature (see for example Bielak, & Moscovitch  2012; Bradley, Mogg, & Williams, 1995; 

Mathews & MacLeod, 1985; Mogg, Mathews, & Weinman, 1989; Nugent & Mineka, 1994). 

A meta-analysis on anxiety and memory bias showed a large discrepancy in the effect sizes 

and even the directionality of the findings in recognition-based studies (between group effect 

sizes for hit rates ranged between g = -1.28 and g = 1.27; Mitte, 2008). On the basis of such 

inconsistency it was suggested that the apparent absence of evidence for an anxiety-linked 

recognition memory bias should not be seen as evidence of absence, but rather warrants 
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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 

exclusively focused on memory concerning negative events and/or information that have 

been encountered in the past, and do not necessarily have a bearing on the future. However, 

anxiety is very much considered to be a future oriented emotion which physically and 

cognitively prepares individuals for impending danger, so that actions can be undertaken to 

avoid this danger or minimise its negative consequences (Beck, Emery, & Greenberg, 2005; 

Eysenck, 1992; MacLeod, Tata, Kentish, & Jacobsen, 1997). Therefore, of pivotal 

importance for information processing in anxiety is whether the danger signalled by a threat 

that can be controlled.  Previous research has shown that danger controllability indeed can 

have a profound impact on selective information processing. Control over danger has been 

shown to increase attention toward threat cues predicting this danger, fuelling hyper-vigilance 

towards these threat cues (Notebaert, Crombez, Vogt, Van Damme, & Theeuwes, 2011). 

Although this has been investigated in the domain of attention, danger controllability is also 

highly relevant in memory processes. 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). Danger 

controllability is heavily implicated in the planning component of memory, as a perceived 

opportunity to affect an outcome is necessary for future planning. Indeed, Mitte (2008) has 

suggested that a selective memory bias for threat could be adaptive in that it allows for future 

planning to cope with potential threats. As heightened anxiety is thought to amplify such 

otherwise adaptive cognitive processes (Mogg & Bradley, 1998), we hypothesized that 

anxiety-linked selective memory of threat cues may be especially apparent for or even 

restricted to threatening information signalling a danger which may be controlled. 
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In light of this, it is possible that the inconsistent findings in previous memory bias 

literature reflect inconsistencies in the degree to which the participants across different 

studies may have associated the threatening stimuli with a future danger that could be 

controlled. For example, words like emergency (as used in Coles et al., 2007) might highlight 

for some participants their ability to provide assistance to another person if they were faced 

with a medical emergency. On the other hand, other participants may not have associated the 

word emergency with opportunities to control such an impending threat. If the ability to 

control threat is indeed a moderating variable in anxiety-linked memory bias effects, then 

such variability in the associations made with regards to danger controllability in past 

memory bias research could help explain the inconsistent pattern of findings.  

Therefore, the aim of the current study was to examine whether the ability to control 

future danger is a moderator of memory bias in anxiety. To this end, individuals with high 

(HTA) and low (LTA) levels of trait anxiety participated in a memory task in which they 

were presented with neutral words, a subset of which were rendered threat cues because they 

predicted the delivery of an aversive noise burst. A task manipulation ensured that half of 

these threat cues signalled a controllable danger, as the noise burst they predicted could be 

avoided in an intermediate task. The other half of the threat cues signalled an uncontrollable 

danger, as the noise bursts they predicted could not be avoided. This manipulation provided 

the platform to investigate whether a memory advantage for threat cues in HTA compared to 

LTA individuals is especially apparent for or restricted to threat cues which signal a danger 

that can be controlled. If this is the case, then it is expected that HTA participants in 

comparison to LTA participants will show a greater memory advantage for controllable threat 

cues as compared to non-threat cues, than for uncontrollable threat cues as compared to non-

threat cues. 

Method 
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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. We sought to recruit participants that 

were high and low in trait anxiety. As such, candidate participants (n = 1134) were screened 

on trait anxiety with the trait version of the State-Trait Anxiety Inventory (STAI-T; 

Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), with students who scored in the 

highest 30% and lowest 30% being invited to participate. Participants included in the study 

were the first to volunteer. As intended, this screening procedure resulted in a bi-modal 

distribution of STAI-T scores at the time of testing. Participants were allocated to HTA and 

LTA groups based on a median split of their STAI-T scores administered at the time of 

testing. The cut-off score was 40. Mean age in the LTA group (6 male) was 22.3, SD = 10.0. 

Mean age in the HTA group (3 male) was 19.8, SD = 6.6. The two groups did not differ 

significantly in terms of age and gender, both p > .1. Informed consent was gained from all 

participants prior to participation. The study was approved by The Ethical Committee of The 

University of Western Australia. 

Materials and Apparatus  

 Anxiety measures. The Spielberger State Trait Anxiety Inventory (STAI; 

Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) was used to assess trait anxiety in 

candidate participants during screening and at the time of testing. A state anxiety measure 

was also included to allow for analyses investigating whether differences in memory bias 

were more related to state or trait anxiety. The STAI is a self-report questionnaire consisting 

of 40 questions. It measures both trait anxiety (dispositional anxiety), and state anxiety 

(current anxious mood). For each scale, scores range from 20 to 80 and high scores indicate 

higher levels of anxiety. Both the trait and state scales of the STAI are commonly used 
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measures with well-established internal consistency, test-retest reliability and validity across 

a variety of population groups, including undergraduate students (Barnes, Harp, & Jung, 

2002; Spielberger et al., 1983). In the current study, Cronbach’s alpha was .96 for the state 

scale, and .95 for the trait scale. 

Neutral word generation. All words used in the memory task were emotionally 

neutral. To generate words with a neutral valence and ensure that groups of these words could 

be matched for length and word frequency, experimenters selected 350 words from word 

frequency databases. Seventeen independent naïve judges rated this list of 350 words on a 

scale from +5 (very positive) to 0 (neutral) to -5 (very negative). Words that were used in the 

current study were chosen from those that received a rating between 1 and -1 by all judges. 

The final set of 288 words (see Appendix A) was divided into 18 sets of 8 words (for 

encoding) and 6 sets of 24 words (for recognition), to be used as different cues in the memory 

task. Each set was equivalent in terms of average number of letters and word frequency 

(Thorndike & Lorge, 1944). Allocation of the different sets to the three word types (explained 

below), and to the different blocks was counterbalanced across participants. 

 Memory task. The computer-based memory task was programmed using E-Prime 

(Psychology Software tools Inc, Sharpsburg, PA, USA) and was made up of six blocks, each 

consisting of an encoding, neutralising and recognition phase (see Figure 1). The purpose of 

the encoding phase was for participants to encode three different sets of words, two sets of 

which were rendered threat cues as they were predictive of a danger (loud noise burst) to be 

presented during the subsequent recognition test. The purpose of the neutralising phase was 

to manipulate the controllability of this noise burst. For one set of words, the presentation of 

the noise burst could be avoided through performance in the neutralising phase, whereas for 

the other set of threat cues, the presentation of the noise burst could not be avoided. More 

detail on each of these phases is described below. 



10 
 

In each encoding phase, participants were presented with 24 to-be-remembered, 

neutral words. These words consisted of three sets, with each set displayed in one of three 

colours (green, yellow, or blue). Two sets of words were rendered threat cues, as they 

predicted that a noise burst would be delivered in the adjoining recognition phase. This noise 

burst was 500ms white noise burst delivered through headphones at 100db. One of these sets 

of threat cues (presented in the first colour) were deemed controllable threat cues as they 

were associated with noise bursts that could be avoided through performance in the 

neutralising phase. There was no opportunity to avoid the noise burst associated with the 

other set of threat cues (presented in the second colour) and so this set was referred to as 

uncontrollable threat cues. The third set of words (presented in the third colour) was not 

predictive of the noise burst and was thus labelled non-threat cues. The words were presented 

one at a time in the centre of the computer screen for 2s with a 500ms interval. The order in 

which the words were presented was determined at random and the assignment of colours to 

the three different word types was counterbalanced across participants. 

In the neutralising phase, all 24 words from the encoding phase and 24 new neutral 

words (foil words) were presented in white all at once on the computer screen, evenly spread 

over the screen in grey boxes. The foil words were added to prevent further encoding of the 

targets words but not foil words to impact on word recognition in the subsequent recognition 

phase. As such, both the target words and the foil words presented during the recognition 

phase were presented in the neutralising phase. This maximises the likelihood that 

performance n the recognition task was driven by differential encoding of the previously 

presented neutral words during the encoding rather than the neutralising phase. After 30 

seconds of inspection time the computer mouse cursor was activated (displayed) and a 

message appeared in the middle of the screen to indicate that participants could start clicking 

words. This inspection time was included to ensure participants had equal opportunity to 
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prepare their neutralising responses. Participants then had 20 seconds to click on the words. 

The grey boxes containing the words were highlighted once they had been clicked on. 

Because of the 20 second time limit, it was possible to click on several but not all words that 

appeared on the screen, which was designed to encourage participants to be selective in 

which words they clicked. Participants were instructed that if they clicked on words 

previously presented in the colour indicating that the noise burst could be avoided, this would 

neutralise these words and the noise burst would not be delivered upon presentation of this 

word in the subsequent recognition phase. Participants were also instructed that there was no 

penalty for clicking on words of the other word types, other than a loss of time. 

In the recognition phase, recognition for the different words was tested through the 

presentation of all the words from the encoding phase and an equivalent number of foil words 

(the same as in the neutralising phase). Each word was 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. To 

reinforce the association between the colours and the noise bursts, after the recognition 

response was entered, the colour of the word changed to the colour it was presented in during 

the encoding phase, or it remained white if it was a new word. Noise bursts associated with 

both types of threat cues 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 

all threat cues were followed by a noise burst. This partial reinforcement was implemented to 

increase the unpredictability of, and reduce habituation to the noise burst. However, 

controllable threat cues were only followed by a noise burst if they had not been clicked in 

the neutralising phase. If controllable threat cues had been clicked, the word neutralised was 

displayed (1000ms) below the word after the recognition response was made, and no noise 

burst was delivered.  
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Procedure  

The experimenter was blind as to whether participants originated from the lowest or 

highest 30% of trait anxiety scores at screening. Participants were seated in front of a 

computer approximately 60cm away from the screen and were given information about the 

study. Three sample noise bursts were played to the participants before written consent to 

participate in the study was obtained. Participants 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 (uncontrollable 

threat cues) there was a 50% chance of receiving the noise burst. For words presented in 

yellow (controllable threat cues) there was a 50% chance of receiving the noise burst which 

could be avoided if these words were successfully acted on in a neutralising task. For words 

presented in blue (non-threat cues) there was no chance of receiving the noise burst.  

The encoding phase was delivered first, after which participants completed the 

neutralising phase, followed by the recognition phase. After the completion of a recognition 

phase participants then began the next block of encoding, neutralising and recognition. 

Participants completed the six blocks of the memory task, with a summary of the instructions 

repeated before each component began in each block. After participants had completed all six 

blocks they were asked to rate the noise burst to assess whether the noise burst was 

considered aversive. Four questions were administered asking how aversive, uncomfortable 

and unpleasant the noise burst was, and how afraid the participant was of the noise (e.g. How 

aversive did you think the noise was?). Responses were given on a 9-point scale (0 not at all 

to 9 extremely). To assess whether this negative stimulus was considered equally aversive 
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across participants in all conditions, a composite score of all questions was made for each 

participant by averaging responses to the four items (Cronbach’s alpha .92). 

Results 

Participant Characteristics and Questionnaires 

 In line with the aim of our participant recruitment method, HTA participants had 

significantly higher scores (MHTA = 51.67, SD = 7.62) as compared to LTA participants (MLTA 

= 32.83, SD = 4.91) on the trait anxiety measure administered at the time of testing, F(1,46) = 

103.67, p < .001. In addition, HTA participants had significantly higher levels of state anxiety 

(MHTA = 43.33, SD = 13.04), as compared to LTA participants (MLTA = 28.29, SD = 5.74), 

F(1,46) = 26.76, p < .001. 

   Results from the noise burst ratings were assessed to confirm whether the noise burst 

was experienced as aversive. The mean score was 5.77 (SD = 2.24), indicating the noise burst 

was experienced as moderately aversive. There was no significant difference between HTA 

participants’ (MHTA = 6.12, SD = 1.90) and LTA participants’ (MLTA = 5.43, SD = 2.52) 

experience of the noise burst, F(1,46) = 1.14, p = .292.  

Memory Test Performance 

To analyse performance on the memory test, each participant’s averaged d’ scores for 

each word type was calculated based on responses during the recognition phase, according to 

the formula of Brophy (1986). Hit and false alarm rates of 0 and 1 were corrected to 0.010 

and 0.990, respectively ((1-)1/(2*48), Macmillan & Kaplan, 1985). This d’ score reflects an 

individual’s ability to discriminate old and new items while correcting for response bias. 

These scores were subjected to a Word Type (controllable threat cues, uncontrollable threat 

cues, non-threat cues) by Anxiety Group (HTA, LTA) mixed methods ANOVA. If sphericity 
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assumptions were violated, Greenhouse-Geisser corrected p values are reported. A memory 

bias for cues predicting controllable danger would be evident through enhanced recognition 

memory performance for controllable threat cues as compared to non-threat cues. Similarly, a 

memory bias for cues predicting uncontrollable danger would be evident through enhanced 

recognition memory performance for uncontrollable threat cues as compared to non-threat 

cues. Based on the current hypothesis stating that the anxiety-linked memory bias may be 

especially apparent for cues predicting controllable danger, it was predicted that there would 

be a 2-way interaction, reflecting that HTA participants more than LTA participants would 

show better memory specifically for controllable threat cues as compared to non-threat cues. 

Results showed that there was indeed a significant interaction between Anxiety Group 

and Word Type, F(2,92) = 8.392, p < .005, ηp
2 = .154 (see Figure 2). To test the proposed 

hypothesis, we analysed whether HTA and LTA participants showed a memory advantage for 

controllable threat cues and for uncontrollable threat cues, as compared to non-threat cues. In 

LTA participants, paired sample t-tests showed no significant difference in recognition 

memory for controllable threat cues as compared to non-threat cues, t(23) = 1.71, p = .100, 

Cohen’s d = 0.39, or for uncontrollable threat cues as compared to non-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 controllable threat cues as compared to non-threat cues, t(23) =5.85, p < 

.001, Cohen’s d = 1.16. There was no significant difference between memory for 

uncontrollable threat cues and non-threat cues, t < 1. Thus, high trait anxious participants 

showed a memory bias for threat cues that signalled danger that could be controlled, but not 

for threat cues signalling an uncontrollable danger. This memory advantage for controllable 

threat cues relative to non-threat cues in HTA participants was significantly greater than the 

difference between these two word types in LTA participants, t(46) = 3.23, p = .002, Cohen’s 
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d = 0.93. In addition, the memory bias for controllable threat cues in HTA participants was 

significantly different from zero, t(23) = 6.38, p < .001, whereas this was not the case in LTA 

participants, t(23) = 1.41, p = .172. 

There was no overall difference in performance between the two groups, as the main 

effect of Anxiety was not significant, F(1,46) = 1.08, p = .303. The main effect of Word Type 

was significant, F(2,92) = 29.10, p < .001, ηp
2 = .38, indicating that overall, sensitivity was 

higher for controllable threat cues (M = 1.52, SD = .75.) than for uncontrollable threat cues 

(M = 1.01, SD = 0.68), t(47) = 4.92, p < .001, Cohen’s d = .73  and non-threat cues (M = 

1.05, SD = 0.72), t(47) = 5.46, p < .001, Cohen’s d = .65. Recognition for uncontrollable 

threat cues and non-threat cues did not differ significantly, t < 1. 

Contributions of Trait and State Anxiety 

 To examine the relative contributions of state and trait anxiety, two memory bias 

indices were calculated. A memory bias index for cues predicting controllable danger was 

calculated by subtracting d’ scores for non-threat cues from d’ scores for controllable threat 

cues. A memory bias index for cues predicting uncontrollable danger was calculated by 

subtracting d’ scores for non-threat cues from d’ scores for uncontrollable threat cues. For 

both indices, a higher score therefore indicates better recognition for the respective threat 

cues as compared to non-threat cues, and thus a bigger memory bias for these threat cues. 

Consistent with the result from the ANOVA reported above, the memory bias index for cues 

predicting controllable danger was significantly positively correlated with trait anxiety when 

partialling out state anxiety, indicating that those with higher levels of trait anxiety showed a 

bigger memory bias for cues predicting controllable danger, r(45) = .31, p = .033. In contrast, 

the correlation between this index and state anxiety while partialling out trait anxiety was not 

significant, r(45) = -.061, p = .685. Furthermore, the memory bias index for cues predicting 



16 
 

uncontrollable danger did not correlate significantly with either trait, r(45) = .037, p = .807, 

or state anxiety, r(45) = -.005, p = .971, when partialling out the alternative anxiety measure.  

These results suggest that the anxiety-linked memory bias for cues predicting controllable 

danger was more closely associated with trait anxiety and not participants’ current mood state 

at the time of testing. 

Neutralising Responses 

Participants’ clicks during the neutralising task were examined to determine whether 

HTA and LTA participants were differently proficient at avoiding the noise burst. There was 

no significant difference between the two groups in the total number of clicks, F < 1 (MHTA = 

54.29, SD = 36.12; MLTA = 57.29, SD = 21.39). To gain further insight into the neutralising 

responses, the pattern of clicks in the two groups was further analysed. Similar to the 

recognition test, click sensitivity d’ scores were created by considering the proportion of 

clicks on words of each word types and by treating clicks on not previously presented words 

as false alarms. These scores were subjected to a Word Type (controllable threat cues, 

uncontrollable threat cues, non-threat cues) by Anxiety Group (HTA, LTA) mixed methods 

ANOVA. The main effect of Anxiety group was not significant, F < 1, however there was a 

significant main effect of Word Type, F(2,92) = 44.694, p < .001, ηp
2 = .49. Follow-up t-test 

indicated that as expected, click sensitivity was higher for controllable threat cues (M = 1.62, 

SD = .16.) than for uncontrollable threat cues (M = 0.50, SD = 0.09), t(47) = 6.45, p < .001, 

Cohen’s d = 1.22  and non-threat cues (M = 0.55, SD = 0.09), t(47) = 6.11, p < .001, Cohen’s 

d = 1.15. Click sensitivity for uncontrollable threat cues and non-threat cues did not differ 

significantly, t < 1. 

Interestingly, there was a significant interaction between Word Type and Anxiety 

Group, F(2,92) = 9.97, p =.002, ηp
2 =.18, see Figure 3. Follow-up analyses revealed that 
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HTA participants had a higher click sensitivity score than LTA participants for controllable 

threat cues, t(46) =2.30, p =.026, Cohen’s d = 0.66, whereas there was no significant 

difference between the groups for uncontrollable threat cues, t(46) =1.72, p =.092, or non-

threat cues, t(46) =1.75, p =.086. 

Discussion 

The aim of the current study was to test the hypothesis that anxiety-linked memory 

bias may be especially apparent for or specific to threat cues that signal a controllable danger. 

The results supported this hypothesis, as they indicated the presence of memory bias only in 

high trait anxious participants for controllable threat cues but not for uncontrollable threat 

cues. This restriction of anxiety-linked memory bias to cues signalling controllable danger 

could potentially explain past inconsistency in memory bias research. The inconsistent and 

contradictory findings in previous studies have posed a considerable challenge for research 

on memory bias in anxiety. The current findings therefore highlight a potentially important 

new direction of investigation which may contribute significantly to our understanding of 

selective processing in anxiety. 

The restriction of an anxiety-linked memory bias to cues signalling controllable 

danger in the current study is consistent with the notion that the primary function of anxiety is 

in the preparation for the future. Throughout the stages of information processing, from 

meaning analysis through to the preparation and execution of a coping response, the influence 

of memory is highly evident (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 
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typically been concerned with the storage and retrieval of negative information, while 

neglecting how this information contributes to future planning. Danger controllability 

critically taps into this planning component of memory, as information about whether or not 

an upcoming danger is controllable is important to guide future action, and may therefore 

affect the manner in which this threatening information is stored or retrieved. 

The extension of the cognitive-motivational model of anxiety to memory (Mogg & 

Bradley, 1998, as adapted by Mitte, 2008) might explain why an anxiety-linked memory bias 

for threat cues signalling controllable danger would arise. As it is thought to be adaptive for 

individuals to go into danger mode and allocate cognitive resources toward avoiding danger, 

it is not surprising that a general memory advantage for controllable threat cues was found. 

Indeed, this memory advantage would be adaptive if the controllability of danger additionally 

determines when individuals go into danger mode. As such, when danger is controllable, 

individuals should more quickly go into danger mode as compared to when danger is not 

controllable. This should lead to enhanced processing of threats signalling controllable 

danger in all individuals. In the current study, such a main effect was indeed observed. In 

addition, as anxiety is characterised by a profound sense of lack of control (Barlow, 2002), 

high anxious individuals may be hypersensitive to opportunities for controlling threat. As a 

result, they may go into danger mode at a lower level of threat signalling controllable danger 

than low anxious individuals. Alternatively, high and low anxious individuals may be equally 

likely to go into danger mode when the danger signalled by the threat is controllable, but high 

anxious individuals may allocate more cognitive resources to threats signalling controllable 

danger than their low anxious counterparts. If the former hypothesis is true, manipulation of 

the threat intensity of a threat signalling controllable danger should reveal a point where high 

and low anxious individuals both show the same bias. In contrast, if the latter hypothesis is 

true, there will always be a bigger bias in high anxious as compared to low anxious 
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individuals no matter what the level of the threat is. In any case, as there was no significant 

difference between HTA and LTA individuals’ experience of the noise burst, the current 

results do not suggest that cognitive biases in HTA individuals are the result of HTA 

individuals perceiving threatening stimuli as more threatening, and therefore go into danger 

mode more quickly. Clearly, although the influence of danger controllability is typically not 

featured in cognitive models of selective information processing, results from the current 

study suggest that this may be a crucial factor in our understanding of anxiety-linked memory 

bias for threat.  

Although not the focus of the current study, these findings elicit questions about the 

origin of the anxiety-linked memory bias. Indeed, research has shown that stimuli that are 

attended to are memorised better (Christianson, 1992), and models of memory bias have 

suggested that these effects may be either the result of selective retrieval or selective 

attending at encoding. Our results suggest that the anxiety-linked enhanced sensitivity for 

controllable threat cues was already present prior to retrieval, as the effects were already 

observed in the neutralising stage. However, of course identifying the controllable threat cues 

in the neutralising stage can also be seen as a form of retrieval, therefore the current 

experimental design could be adapted to specifically investigate whether the origin of the 

observed effects lie in the encoding, or retrieval stage. First, the neutralising phase could be 

presented after the retrieval phase, such that differential processes operating at this 

neutralising stage cannot influence retrieval. Second, if the observed effects operate at the 

retrieval stage of memory processes, the design could be altered such that in each block 

participants are only instructed about which color represents which word type after the 

encoding phase, ensuring participants cannot differentially attend to the different word types 

at encoding. If the anxiety-linked enhanced sensitivity for controllable threat cues is still 

observed, this would suggest that this effect is a function of retrieval processes rather than 
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processes operating at encoding. In contrast, if the observed effects are the product of 

processes operating at encoding, the anxiety-linked memory bias should disappear. This 

would suggest that at encoding, threat cues signalling controllable danger are encoded more 

strongly, possibly as a result of an anxiety-linked attentional bias favouring the processing of 

controllable threat cues. This would be in line with the combined cognitive bias hypothesis, 

which suggests that rather than working in isolation, cognitive biases can influence each other 

to maintain a disorder (Hirsch, Clark & Mathews, 2005).  

Whilst the current findings can potentially help to shape the theoretical understanding 

of the cognitive biases underlying anxiety, it is important to note the limitation of the design 

of the memory task used. The delivery of the noise bursts during the recognition phase meant 

that recognition performance was assessed under the threat of the aversive event. As such one 

might argue that the observed anxiety-linked memory bias for cues signalling controllable 

danger was a function of state anxiety rather than trait anxiety.  However, the magnitude of 

this bias correlated significantly with trait anxiety and not with state anxiety. Therefore, we 

are confident that the observed effects were a function of individual differences in trait 

anxiety rather than state anxiety.  

The current study aimed to investigate the role of danger controllability in anxiety-

linked memory bias for threatening material. Future research could illuminate the precise 

nature of this bias in several ways. Firstly, an important theoretical question with 

considerable applied implications concerns the causal status of this memory bias for cues 

signalling controllable danger 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 shown that these biases make a causal contribution to 

anxiety vulnerability (Gierveld & Tilburg, 2006; MacLeod & Clarke, 2013; Mogoase, David, 
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& 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 

memory bias for controllable versus uncontrollable danger. To encourage a memory bias for 

information signalling a controllable danger, a disproportionate number of trials could be 

presented with cues which predict the threatening event with a controllable outcome. In 

contrast, to encourage a memory bias for information signalling an uncontrollable danger, a 

disproportionate number of trials could be presented with cues which predict the threatening 

event which cannot be controlled. Afterwards, anxiety increases in response to a lab-based 

stressor can be assessed to investigate whether this differential training causally contributes to 

anxiety vulnerability (e.g. Notebaert, Clarke, Grafton, and MacLeod, 2015). If selective 

memory for controllable threatening information causally contributes to anxiety vulnerability, 

a bigger anxiety response would be expected in the condition that encourages memory for 

information signalling a controllable danger, as compared to the condition that encourages 

memory for cues signalling uncontrollable dangers. 

Future research could also investigate whether anxiety-linked memory bias is 

restricted to controllability of threatening material, or whether it is observed for emotionally 

valenced material in general (Cohen, 1988; Grafton, Ang, & MacLeod, 2012). In order to 

investigate this, the memory task used in the current study could be adapted so that the cues 

predict a controllable negative event (e.g. loss of money) and a controllable positive event 
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(e.g. gain of money). Following on from this, a further adaptation could then be made to 

usefully investigate the extent to which memory bias for controllable threat is unique to 

anxiety as compared to other emotional dimensions like depression. The adapted memory 

task would instead directly compare anxious and depressed individuals’ memory for a 

positive and a negative controllable event. Although anxiety and depression are both 

underpinned by a perceived lack of control, there is a distinct difference in the way this 

perception manifests itself in each disorder. Depressed individuals typically perceive 

themselves to have a diminished capacity to cause a positive outcome (Weisz, Weiss, 

Wasserman, & Rintoul, 1987) whilst anxious individuals’ perceived lack of control only 

extends to control over negative events (Gallagher, Bentley, & Barlow, 2014). In line with 

this, evidence has shown that prospective negative and positive cognitions are differentially 

related to depression and anxiety, such that depression is associated with a deficit in the 

generation of future positive expectancies whereas anxiety is associated with an increase in 

the generation of future negative expectancies (MacLeod et al., 1997). Given these patterns of 

future expectancies, it may be that anxious individuals would show a memory advantage for 

information relating to a controllable negative event, whereas depressed individuals would 

exhibit a deficit in memory relating to information predictive of a controllable positive event. 

Such research may help to qualify the nature of the anxiety-linked memory bias observed in 

the current study, and may assist with deepening the understanding of the similarities and 

differences between anxiety and depression. 

In conclusion, our results suggest that anxiety-linked memory bias may be especially 

restricted to threat cues signalling dangers that people could control through appropriate 

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 
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the cognitive basis of anxiety vulnerability, but also may contribute to our understanding of, 

and capacity to remediate anxiety dysfunction.  
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Appendix A 

Set of 288 Neutrally Valanced Words Used in the Memory Task 

Sleeve Brace Ancestral Comma Booth Agency Chapter 
Spoon Aground Clad Scale Prairie Wooden Bicycle 
Tailor Actor Dietary Await Canal Ounce Binder 

Terrace Coach Thrift Bathroom Designer Outline Blink 
Towel Whistle Westward Blank  Channel Refer Torch 
Tuck Stool Duplicate Blend Chart Respond Passage 

Typical Hammer Structure Brand Climber Review Booklet 
Visible Mug Cask Bulb Clothe Route Lamplight 
Wade Drawer Angle Movable Clove Shortly Region 
Wheat Edit Assistant Writing Cluster Somehow Battery 
Actual Electrician Bundle Cable Coating Spoken File 
Area Emphasis Button Carpet Require Spray Imitate 

Basket Enfold Peck Ceiling Platform Trunk Archway 
Project Elbow Tribe Chew Cycle Upward Compartment 
Quote Sundown Thread Clasp Dealt Weekly Bedding 
Rail Portray Midst Closet Decade Wrist Pine 

Display Differ Batch Code Signal Painter Orbit 
Schedule Wayward Landscape Column Domain Patron Porter 
Session Omission Medium Rang Dresser Phase Deposit 
View Acrobat Connect Reference Edition Pillar Chalk 

Uniform Modernize Consist Copper Entail Postage Desk 
Furniture Navy Abreast Creek Fillet Railway Paste 
Ability Folk Absolute Crumb Flick Receipt Graphic 
Bound Background Accommodate Dough Forum Reverse Permanent 

Combine Pocket Account Elevator Foyer Rider Apron 
Blow Molecule Bait Equip Genre Risen Chauffeur 
Daily Doorway Palm Fabric Gotten Sample Cutlery 
Aback Spire Basement Gallery Hairpin Saying Porter 

Academy Bucket Basic Proportion Halve Script Accustom 
Access Pitch Panel Footstep Holder Seeing Nominal 
Adjoin Inflate Behalf Highway Imprint Seller Noted 
Aerial Forehead Median Upheld Index Shuffle Numeral 

Secretary Jacket Blouse Mileage Lease Speck Oblong 
Amongst Kettle Permanent Abbey Lever Stack Onset 
Angler Candid Notion Abide Locker Stall Onward 
Apparel Click Obvious Identify Margin Steer Textile 
Phrase Aboard Profile Brisk Marker Stripe Thereby 
Recall Prime Cargo Canary Blanket Suburb Timber 
Basic Opener Cart Shelf Metric Suite Whiten 

Addition Pencil Pupil Decimal Midway Sweater Weave 
Brass Adjust Bonnet Cerebral Mixer Symbol Vowel 
Verbal             
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Figure 1. The encoding, neutralising and recognition phase within each block of the memory 

task. Different colours during encoding are represented by different font styles. 
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Figure 2. Recognition memory d’ scores for high and low anxious participants for each type 

of word cue. Error bars represent standard errors of the mean. 
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Figure 3. Neutralising responses d’ scores for high and low anxious participants for each type 

of word cue. Error bars represent standard errors of the mean. 
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