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It has been argued that elevated anxiety is characterized by an attentional bias for threaten-
ing stimuli in the environment. That is, anxious individuals allocate attentional processing 
resources disproportionately toward threat material, such as angry faces. However, so far 
there is no agreement on the exact mechanisms of attention, responsible for such bias. Re-
search regarding the time course of attentional processes has raised a debate, whether anxi-
ety is associated with threat-related biases in initial shifting of attention, or with subsequent 
difficulties in disengaging attention. Recent experimental evidence suggests a role for disen-
gagement difficulties in anxious individuals, manifested in increased dwell time on threaten-
ing stimuli. 
 
The present study sought to replicate and extend the finding that the disengagement compo-
nent of visual attention is biased in anxious individuals. The spatial cueing paradigm, with 
angry, happy, and neutral schematic faces as attentional cues, was administered to high and 
low trait anxious groups (n=25 and 24, respectively). In this task, the participants were re-
quired to detect peripherally presented targets, which were preceded by cues. The cues in the 
present study were non-informative, i.e., they did not predict the location where the target 
would appear. As a novel feature, four stimulus-onset-asynchrony (SOA) conditions were 
employed to enable a more detailed analysis of the time course of attentional processing. 
 
At the shortest SOA of 200 ms, the basic pattern of facilitation with valid cues was found 
only with happy faces. All other SOAs resulted in significant inhibition of return (IOR), as 
expected. However, the anxiety groups did not differ in their reaction times (RTs) as a func-
tion of cue valence. Thus, the present study did not reveal any meaningful group differences 
in the processing of threatening stimuli. Possible reasons for the absence of facilitation and 
meaningful group differences include forward masking, direction of the contrast polarity of 
the display, state anxiety levels of the participants, and the threat value of the angry faces. 
 
 
Keywords: anxiety; visual attention; attentional bias; facial expressions; spatial cueing para-
digm 
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1. INTRODUCTION 

 

Attentional processes in the aetiology and maintenance of anxiety disorders have received a 

growing research interest in the past two decades (Derryberry & Tucker, 1994; Mathews & 

Mackintosh, 1998; Mogg & Bradley, 1998, 2004). Most of the research has been devoted to 

processes of visual attention. It has been argued that elevated anxiety is characterized by an 

attentional bias for threatening stimuli in the environment (e.g., MacLeod, Mathews, & 

Tata, 1986). Threatening stimuli can be, for example, angry facial expressions, pictures of 

blood or spiders, or words related to the personal concerns of an anxious person. In cognitive 

theories of anxiety, the exact mechanisms behind this bias have been modelled in different 

ways (see Mathews & Mackintosh, 1998; Mogg & Bradley, 1998, 2004; Williams, Watts, 

MacLeod, & Mathews, 1988; Öhman, 2000, for reviews). In common these theories share 

the assumption that anxious people allocate a disproportional amount of attentional process-

ing resources toward threatening stimuli (e.g., Mathews & Mackintosh, 1998). 

 

The study of attentional factors seems to be particularly relevant in the case of anxiety disor-

ders, compared to other emotional disorders, such as depression. Earlier models (e.g., 

Bower, 1981) predicted that both anxiety and depression are associated with emotion-

congruent biases in multiple information processing stages, such as attention, memory, and 

reasoning. However, subsequent research has made important corrections to this account. 

Studies employing the methods from cognitive psychology have mostly failed to find atten-

tional biases associated with depression (Bradley, Mogg, Millar, & White, 1995a; MacLeod 

et al., 1986; McCabe & Gotlib, 1995) and explicit memory biases in anxiety (Bradley, 

Mogg, & Williams, 1995b; Coles & Heimberg, 2002; Mogg, Mathews, & Weinman, 1987). 

 

The knowledge accumulated from the research on information processing in anxiety could 

also improve our understanding of the interaction between attention and emotion. A wealth 

of research has been devoted to the study of how animals and humans process fear-related 

information (e.g., LeDoux, 1996; Öhman & Mineka, 2001). There is evidence that fear-

relevant and negatively valenced stimuli, such as angry faces, are able to capture attention 

more strongly than stimuli with other emotional content, also in participants not pre-selected 

by anxiety (Eastwood, Smilek, & Merikle, 2003; Fox et al., 2000; Pratto & John, 1991; Öh-
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man, Lundqvist, & Esteves, 2001). For example, Eastwood et al. (2003) asked their partici-

pants to count the number of features (e.g., downward-curved arcs), which were embedded 

in displays of negative, positive, or neutral schematic faces. The results demonstrated that it 

took longer to count the features embedded in negative faces, compared to positive and neu-

tral faces. The authors (Eastwood et al., 2003) took this as evidence of the attention-

capturing power of negative facial expressions. Early event-related potentials (ERPs), re-

corded to facial stimuli, have also been shown to be particularly sensitive to threatening ex-

pressions: Schupp et al. (2004) reported that, compared to friendly and neutral expressions, 

viewing threatening faces resulted in an enlarged early posterior negativity. The viewing of 

threatening faces resulted also in augmented late positive potentials (LPPs) relative to other 

expressions, which indicates a more elaborate perceptual processing of threatening stimuli 

(Schupp et al., 2004). Based on the findings that anxious people allocate attention dispropor-

tionately to threatening stimuli, it has been suggested that the study of anxious individuals 

“provides a good opportunity to observe highly sensitized attentional processes” (Fox, 

Russo, Bowles, & Dutton, 2001, p. 682). 

 

 

1.1. State and trait anxiety 

 

A distinction between the concepts of state and trait anxiety is often made. Trait anxiety 

refers to a relatively stable personality disposition, which includes a “propensity to experi-

ence anxiety, and tendencies to perceive stressful situations as threatening” (Bieling, An-

tony, & Swinson, 1998, p. 780). State anxiety is conceptualized as a more fluctuating level 

of situational anxious mood (e.g., Öhman, 2000). A widely used tool for measuring state and 

trait anxiety is the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, 

Vagg, & Jacobs, 1977). The STAI is a relatively short self-report questionnaire, which con-

tains 40 items, with equal number of items measuring state and trait anxiety. 

 

Apart from methodological considerations, the distinction between state and trait anxiety is 

meaningful also theoretically. An earlier cognitive model by Williams et al. (1988) predicted 

that the level of trait anxiety determines the direction of attentional biases for threatening 

stimuli. That is, high trait anxious individuals tend to orient their attention preferentially 
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toward threat, whereas individuals with low levels of trait anxiety have a tendency to orient 

their attention away from threat. Stressful situations (i.e., elevated state anxiety) intensify 

these directional biases, hence making low trait anxious individuals more avoidant of threat, 

and having high trait anxious individuals become even more vigilant for threatening stimuli. 

From an evolutionary view, consideration of this interaction hypothesis (Williams et al., 

1988) raises a problem: Would it be wise for low trait anxious individuals to orient their at-

tention away from threatening stimuli more strongly when they become more (state) anx-

ious? Intuitively, one would conclude that such a strategy would prevent a low trait anxious 

individual from recognizing actual dangers in the environment when in a threatening situa-

tion (see also Mathews, 1990). 

 

With the aforementioned considerations in mind, Mogg and Bradley (1998) introduced a 

cognitive-motivational view of attentional biases in anxiety (see Figure 1; see also Mathews 

& Mackintosh, 1998, for a similar model). In their model, a key factor in modulating the 

direction of attentional biases is the threat value of the stimulus (high vs. low threat). When a 

stimulus is appraised as highly threatening, an individual will react with increased atten-

tional orienting towards that stimulus. Conversely, when a stimulus is perceived to be rela-

tively harmless (low threat value), individuals will ignore it or orient their attention away 

from it. The level of trait anxiety has an influence on whether a high or low threat status is 

assigned to a particular stimulus. That is, individuals high in trait anxiety assign high subjec-

tive threat value to such negative stimuli, which others would view as trivial. This results in 

high trait anxious individuals orienting their attention towards such stimuli more strongly 

than is the case for low trait anxious individuals. 

 

An important correction to the model of Williams et al. (1988) in these more recent models 

(Mathews & Mackintosh, 1998; Mogg & Bradley, 1998) is that individuals low in trait anxi-

ety will also, in some circumstances, assign high threat value to stimuli and orient their at-

tention to threat (see Figure 1). This can occur, for example, when state anxiety increases to 

a sufficient level (resulting in milder aversive stimuli appraised as having a high threat 

value), or when a particular stimulus genuinely has a high threat value (an actual danger). 

Experimental evidence for these views (Mathews & Mackintosh, 1998; Mogg & Bradley, 

1998) has been found with pictorial scenes (Mogg et al., 2000a; Yiend & Mathews, 2001), 
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and emotional faces (Wilson & MacLeod, 2003), with the threat levels of the stimuli sys-

tematically varied in these experiments. 

Valence
Evaluation
System

High
threat

No threat

Goal Engagement System

Interrupt current goals
Orient to threat

Pursue current goals
Ignore minor threatening
stimuli

Stimulus input

Situational context

State anxiety

Prior learning

Biological preparedness

Trait anxiety reflects reactivity of
Valence Evaluation System to aversive stimuli

Figure 1. Cognitive-motivational model of attentional biases in anxiety. 
Adapted from Mogg and Bradley (1998).

 
 

1.2. Components of visuospatial attention 

 

As most of the research on attentional biases in anxiety has been conducted in the field of 

visual attention, it is appropriate to describe the basic mechanisms of attentional orienting in 

visual space. It is assumed that the general function of visual attention is to facilitate the 

processing of relevant stimuli in the environment, relative to other stimuli (Posner & 

Dehaene, 1994). Related to this view, visuospatial attention has been described as a “spot-

light” (Posner, Snyder, & Davidson, 1980). In such models, the spotlight is an area in the 

visual field that one currently attends to, and which serves to facilitate the detection and 

processing of stimuli within the area covered by the spotlight (see Cave & Bichot, 1999, for 

a review). The orienting of the spotlight has also been shown to be independent of eye 

movements, i.e., the focus of one’s attention is not necessarily related to the direction of 

one’s foveal vision (Posner et al., 1980). 

 10 



1.2.1. Attentional networks 

 

According to the highly influential model of Posner and his colleagues (Posner & Dehaene, 

1994; Posner & Petersen, 1990; Posner & Raichle, 1994), attention can be divided into dif-

ferent subsystems that serve different functions and that can be anatomically dissociated 

(Posner & Petersen, 1990). For the purposes of the present study, the functions of the poste-

rior and anterior attentional networks will be described. 

 

The posterior network – located at the areas of superior parietal cortex, pulvinar and superior 

colliculus – is thought to be involved in relatively involuntary and covert (independent of 

eye movements) orienting to sensory stimuli, i.e., this network automatically orients the 

attentional spotlight from one location to another in visual space (Posner & Petersen, 1990). 

When a new abrupt stimulus appears in the visual field, the posterior network undergoes a 

chain of different cognitive operations: first, attention is disengaged from its current focus, 

then the attentional focus is shifted to the location of the novel stimulus, and finally, atten-

tion is engaged in the new location (Posner & Petersen, 1990; Posner & Raichle, 1994). 

Such automatic covert orienting “appears to function as a way of guiding the eye to an ap-

propriate area of the visual field” (Posner & Petersen, 1990, p. 27). 

 

The anterior attentional network – covering the anterior cingulate gyrus and basal ganglia – 

is a more conscious and voluntary system that serves an executive function (Posner & 

Dehaene, 1994). It has the ability to regulate the direction of attentional focus by exercising 

control over the posterior network, and to inhibit automatic response tendencies (Posner & 

Raichle, 1994). When there is no need or specific instructions given to control the direction 

of visual orienting, the anterior network does not actively control the posterior network 

(Posner & Petersen, 1990). In complex cognitive tasks, the anterior network is able to main-

tain attention to relevant information (Posner & Raichle, 1994). As such, the operations of 

the anterior attentional network resemble the functions of the central executive system, as 

described by Cowan (1995). 
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1.2.2. Facilitation and inhibition 

 

One of the most commonly used experimental tasks to study the components of visuospatial 

attention is the spatial cueing paradigm introduced by Posner (1980). In the original task, 

subjects are instructed to give a manual response every time a target (e.g., a small asterisk) 

appears in one of two different peripheral locations, which are usually designated as a rec-

tangle on the left and right side of a central fixation point. The appearance of the target is on 

the majority of trials preceded by a cue in one of the two peripheral rectangles. The cue has 

typically been a brightening of one of the rectangles for a short period, e.g., 150 milliseconds 

(ms). Trials can be valid, i.e., the target appears in the same location as the preceding cue, or 

invalid, when the target appears in the contralateral side of the cue. On neutral control trials 

the target is not preceded by a cue. Catch trials, in which the cue is not followed by a target, 

and the subject has to withhold from responding, are also included. 

 

The peripheral visual cues serve to guide attention reflexively to their location (Posner & 

Cohen, 1984). The cues can be informative (the cue predicts the location where the target 

will appear on majority of the trials, e.g., with an 80/20 probability), or non-informative (the 

cue does not predict the target location, i.e., a 50/50 probability). Recent results (e.g., Rosen 

et al., 1999) are in line with the suggestion that when the cues are informative, the anterior 

network will exert more powerful control over the orienting functions of the posterior net-

work. That is, with informative cues, the anterior network acts to maintain attention on the 

most probable target locations (e.g., Ávila & Parcet, 2002). 

 

Usual findings in the spatial cueing tasks with peripheral cues are as follows. Reaction times 

(RTs) are typically faster on valid trials, compared to neutral and invalid trials (e.g., Posner, 

1980). This facilitation (also known as a cue validity effect) is found with the cues being 

informative (e.g., Riggio & Kirsner, 1997), non-informative (e.g., Berger, Dori, & Henik, 

1999), or even when the probability of the trials being valid is only 0.1 (Posner & Cohen, 

1984). Facilitation reflects automatic and involuntary capturing of attention by the cue, 

which results in facilitation of perceptual processing at the cued location (Müller & Hum-

phreys, 1991; Posner & Cohen, 1984). On invalid trials, attention has to be first disengaged 

from the cued location, and this process of shifting attention to the uncued location delays 

responding on invalid trials (Posner & Raichle, 1994). 
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Extensive research into the time course of attentional processes in the spatial cueing task has 

produced another well-documented attentional phenomenon. When the temporal distance 

between the onset of the cue and the onset of the target (stimulus-onset-asynchrony; SOA) is 

sufficiently long (over 300 ms in the original task), responses to invalid trials become faster 

(Posner & Cohen, 1984). This inhibition of return (IOR; see Klein, 2000, for a review) has 

been demonstrated in non-informative peripheral cueing experiments in which the subject’s 

task has been to detect targets by pressing a single response key (Posner & Cohen, 1984), to 

discriminate between two targets (Lupiánez, Milliken, Solano, Weaver, & Tipper, 2001), or 

to indicate whether the target occurs on the left or right rectangle (Pratt, Kingstone, & Khoe, 

1997). It has been shown that inhibition can be also related to objects, and not only to spatial 

locations, i.e., when attention is disengaged from an object, and the same object is subse-

quently moved to a new location, an inhibition effect has been shown to move with the ob-

ject (e.g., Gibson & Egeth, 1994) 

 

It is assumed that IOR reflects the operation of a posterior network-related mechanism that 

“serves to prevent attention from returning to the previously disengaged location” (Ávila & 

Parcet, 2002, pp. 716-717), thereby increasing the efficiency of visual search (Klein, 2000). 

In other words, if the target does not appear at the cued location immediately after the cue, a 

beneficial strategy is to explore other locations and to inhibit attention from returning to the 

cued location. The time course of IOR in the spatial cueing task depends on the nature of the 

task. In target detection tasks, IOR is evident within 300 ms after the cue onset (Posner & 

Cohen, 1984). When the attentional demands of the task increase, the onset of IOR is de-

layed: Lupiánez et al. (2001) found that IOR was evident in detection task at a SOA of 400 

ms, but a target discrimination task still produced facilitation at the same SOA. With longer 

intervals (700 and 1000 ms) both detection and discrimination tasks produced IOR (Lu-

piánez et al., 2001). According to Klein (2000), both facilitation and inhibition begin imme-

diately after the cue onset. He suggested that inhibition remains fairly constant over time, 

whereas facilitation decreases quite briefly, thereby obscuring inhibition for a short period. 
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1.3. Experimental evidence for attentional biases in anxiety 

 

In the sections below, currently available evidence for attentional biases in anxiety will be 

reviewed. Focus is on how the findings have been – or could have been – explained in refer-

ence to the framework of attention outlined in the sections above. In addition to the methods 

described here, visual attentional processes in anxiety have also been investigated with other 

well-known paradigms, such as the visual search task (e.g., Gilboa-Schechtman, Foa, & 

Amir, 1999). It will also be noticed whether the results have been explored in reference to 

state or trait anxiety, an interaction of both, or a clinical anxiety disorder, such as general-

ized anxiety disorder (GAD). 

 

 

1.3.1. The emotional Stroop task 

 

In the original Stroop experiment, participant’s task was to name as fast as possible the col-

our of a word presented on a card or on a computer screen (see MacLeod, 1991, for a re-

view). The stimulus could be congruent (e.g., the word “blue” printed in blue), or incongru-

ent (“blue” printed in green). A robust finding in such a task is that when the semantic con-

tent of the word is in conflict with the actual colour of the word, interference occurs, i.e., 

responses to incongruent trials are significantly slower (MacLeod, 1991). This interference 

can be thought to reflect the stronger activation of the anterior attention network (most nota-

bly the anterior cingulate gyrus) during incongruent trials in order to inhibit automatic re-

sponse tendencies activated by the word’s semantic content (Posner & Raichle, 1994). 

 

There are several modified versions of the Stroop task, but for the present study, the most 

relevant is the emotional Stroop task (Mathews & MacLeod, 1985). In this colour-naming 

task, the emotional content of the stimulus words could be negative, positive, or neutral. 

Anxiety is commonly associated with greater interference (i.e., longer colour-naming la-

tency) on threatening stimulus words, and specifically on words related to the personal con-

cerns of the participants (see Williams, Mathews, & MacLeod, 1996, for a review). For ex-

ample, Mogg, Bradley, Williams, and Mathews (1993a) presented anxiety-related negative, 

depression-related negative, positive, categorized neutral, and uncategorized neutral stimulus 
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words to groups of anxious, depressed, and control participants. A half of the words was 

presented subliminally [i.e., very rapidly (only for 14 ms), and then masked by a random 

letter string], and the other half was supraliminally presented (i.e., long enough to allow con-

scious registration of the word meaning). Anxious participants, compared to depressed and 

control participants, had relatively slower responses to both subliminal and supraliminal 

negative words (both types of negative words). In a study of non-clinical participants by 

Mogg, Kentish, and Bradley (1993b), the level of trait anxiety was most strongly related to 

the magnitude of Stroop interference. However, Egloff and Hock (2001) found evidence also 

for the interaction hypothesis in their study of non-clinical students, as their results showed 

that only for individuals high in trait anxiety was state anxiety positively related to Stroop 

interference. 

 

Different accounts of such anxiety-related Stroop interference have been put forward. Most 

accounts share the assumption that emotional Stroop interference to threatening words re-

flects a stronger capturing of attention by threatening stimuli in anxious participants (see 

Williams et al., 1996, for a review). Specifically, because of the evidence of Stroop interfer-

ence to subliminally presented stimuli, Mogg et al. (1993a), suggested that, in anxious indi-

viduals, attention is automatically – and independently of conscious awareness – drawn to-

ward threatening stimuli. Thus, the anxiety-related Stroop interference occurs temporally at 

the initial orienting stage of attention. Pratto and John (1991) came to similar conclusions 

after having found that also participants not pre-selected by anxiety showed interference to 

negative trait adjectives. When fitted in Posner’s model of visual attention (Posner & Peter-

sen, 1990), this capturing of attention by threatening words can be seen to reflect the shift 

component of attentional orienting. 

 

Some criticism towards common interpretations of the emotional Stroop interference has, 

however, been raised. Fox et al. (2001) noted that it is virtually impossible to determine 

whether the threatening words affect the shift component or the disengage component of 

visual attention. They suggested that the emotional Stroop interference could also reflect 

delayed attentional disengagement from the processing of threatening word content (Fox et 

al., 2001). Because the words are presented centrally, within foveal vision, they are always 

attended to some level. Thus, the emotional Stroop task is a fairly indirect measure of the 

allocation of attention toward threatening stimuli (cf. MacLeod et al., 1986). 
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1.3.2. The attentional probe task 

 

In order to examine more directly whether anxiety is indeed characterized by enhanced ini-

tial orienting towards threatening stimuli (i.e., the shift component of attention), MacLeod et 

al. (1986) introduced the attentional probe task (also called the dot probe task). In this task, a 

pair of stimuli is presented simultaneously on the screen, usually for 500 ms (MacLeod et 

al., 1986). The stimuli are aligned either horizontally (e.g., Mogg et al., 2000a) or vertically 

(e.g., MacLeod et al., 1986). On critical trials, one of the stimuli is threatening, and the other 

emotionally neutral. Originally, the attentional probe task employed words as stimuli 

(MacLeod et al., 1986), but subsequently, emotional pictorial scenes (Mogg et al., 2000a), 

and emotional facial expressions (e.g., Bradley, Mogg, Falla, & Hamilton, 1998) have also 

served as stimuli. On critical trials, immediately after the offset of the stimulus pair, a small 

dot appears in the location of one of the stimuli, and the participant’s task is to press a button 

as soon as he or she detects the dot (MacLeod et al., 1986). In some studies, participants’ 

task has been to discriminate between two targets (Bradley et al., 1998), or to indicate the 

location of the target (Mogg et al., 2000a). 

 

The logic behind the attentional probe task is that differences in reaction times (RTs) indi-

cate where the participant has shifted his or her spatial attention, because manual responses 

to attended targets are usually faster (cf. Posner et al., 1980). A typical finding in the atten-

tional probe task is that anxious participants are faster in responding to targets replacing 

threat stimuli, compared to targets replacing neutral stimuli (e.g., Bradley et al., 1998; 

MacLeod et al., 1986; Mogg et al., 2000a). This bias for threat locations in the attentional 

probe task has been found in high trait anxiety (e.g., Bradley et al., 1998), high state anxiety 

(Mogg, Bradley, de Bono, & Painter, 1997), GAD (MacLeod et al., 1986), and social phobia 

(Mogg, Philippot, & Bradley, 2004). 

 

Authors have commonly explained the attentional probe results as indicating faster initial 

shifting of attention to threat in anxiety (e.g., Mogg & Bradley, 1998; Williams et al., 1988). 

Counterarguments for these explanations include the notion that the usual presentation time 

of 500 ms for the stimulus pair might allow for more than one shift of attention between the 
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stimuli, hence the results would not necessarily indicate a tendency to initially orient atten-

tion to threat (Mogg & Bradley, 1998). Mogg and her colleagues (Mogg et al., 1997) inves-

tigated this possibility by presenting the word probes for 100, 500, or 1500 ms in their study. 

High state anxious participants were significantly faster in responding to targets replacing 

threat words already in the 100 ms exposure condition, and the results revealed similar non-

significant trends in the 500 and 1500 ms conditions, too. 

 

Moreover, recently Mogg and Bradley (2002) even found faster responding to subliminally 

presented angry faces in social anxiety. The authors (Bradley et al., 1998; Mogg & Bradley, 

1998, 2002; Mogg et al., 1997, 2004) have taken such results as compelling evidence for the 

view that anxiety is associated with faster initial orienting towards threatening, compared to 

neutral, stimuli. Furthermore, they argue that this initial bias is not necessarily followed by 

subsequent active avoidance of threat-related material, as is suggested by some theories (i.e., 

the vigilance-avoidance hypothesis; e.g., Mathews, 1990). The initial orienting view is sup-

ported also by studies reporting faster initial eye movements toward threatening faces in 

anxiety (e.g., Mogg, Millar, & Bradley, 2000b). 

 

Recently, the abovementioned explanations for the attentional probe task findings have at-

tracted new criticism, which concerns the possible role of disengagement processes in pro-

ducing the typical findings (Derryberry & Reed, 2002; Fox et al., 2001; Fox, Russo, & Dut-

ton, 2002; Koster, Crombez, Verschuere, & De Houwer, 2004b). The attentional probe stud-

ies have without exceptions analyzed data only from trials including a threat-neutral (T-N) 

stimulus pair (e.g., Bradley et al., 1998; MacLeod et al., 1986; Mogg & Bradley; 2002; 

Mogg et al., 1997, 2000a). When neutral-neutral (N-N) stimulus pairs have been employed 

(e.g., MacLeod et al., 1986; Mogg et al., 1997, 2000a), they have acted as filler trials and 

have not been included in the data analysis. Thus, RTs have only been compared within the 

T-N stimulus pair, i.e., between trials when the probe replaces the threat stimulus and trials 

when the probe replaces the neutral stimulus. Derryberry and Reed (2002) suggested that 

“the bias favouring threatening locations may often arise from slow reactions to neutral loca-

tions due to delays in disengaging from the threatening locations” (p. 226). 

 

Koster and his colleagues (2004b) went on to experimentally examine this possibility. They 

analyzed the RT data from T-N and N-N stimulus pairs which were presented to a sample of 
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students. As predicted, on T-N stimulus pairs, responses were clearly faster when the probe 

replaced the threatening stimulus, and this effect was stronger in high trait anxious partici-

pants. However, when the RTs on T-N trials were compared to the mean RT of N-N trials 

(i.e., a neutral baseline), it turned out that participants were not faster in responding to 

probes replacing threat stimuli on T-N trials. On the contrary, responses to probes replacing 

neutral stimuli on T-N trials were significantly slower than the mean RT of N-N trials. On 

the basis of their results, they (Koster et al., 2004b) argued that the “data from previous dot 

probe studies cannot unambiguously be interpreted as vigilance for threat” (p. 8). Amir and 

Elias (cited in Amir, Elias, Klumpp, & Przeworski, 2003) came to similar results with so-

cially phobic participants. Thus, the findings from attentional probe studies might indicate 

that anxiety is associated with a difficulty in disengaging attention from threatening stimuli, 

and it remains uncertain whether anxiety is also associated with a bias in the initial shifting 

of attention. 

 

 

1.3.3. The spatial cueing paradigm 

 

Ávila and his colleagues have examined attentional processing in anxiety with the basic ver-

sion of the spatial cueing task (Ávila, 1995; Poy, Eixarch, & Ávila, 2004). Ávila (1995) 

compared the performance of participants high or low in self-reported anxiety, and found no 

group differences in reaction times at a SOA of 150 ms. However, Poy et al. (2004) found 

that higher self-reported anxiety was associated with greater costs (RT difference between 

neutral and invalid trials) at a SOA of 100 ms with peripheral cues. This result indicated an 

anxiety-related difficulty in disengaging attention from a peripheral cue that signals a prob-

able target location (the cues were informative in this study). They (Poy et al., 2004) inter-

preted this finding to be in line with theories suggesting greater distractibility by neutral and 

aversive peripheral stimuli associated with anxiety. 

 

Stormark, Nordby, and Hugdahl (1995) were the first to introduce an “emotional” version of 

the spatial cueing task, which is also applied on the present study. In this modified version, 

instead of brightening of the peripheral rectangles, an emotional word (e.g., Ávila & Parcet, 

2002), emotional facial expression (Fox et al., 2002), or an affective picture (Yiend & 
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Mathews, 2001) is presented briefly as a peripheral cue. The emotional version has produced 

facilitation (i.e., faster responding on valid trials with a short SOA) in a way similar to the 

original task version (Amir et al., 2003; Ávila & Parcet, 2002; Derryberry & Reed, 2002; 

Fox et al., 2001, 2002; but see Stormark et al., 1995, and Yiend & Mathews, 2001, for ex-

ceptions). 

 

Fox et al. (2001, exp. 3) presented schematic faces with happy, angry, or neutral expressions 

as peripheral cues for 250 ms. This was followed by a blank interval of 50 ms (producing a 

SOA of 300 ms), after which the target appeared in the same location (valid trials), or in the 

opposite side of the display (invalid trials). The participants’ task was to localize the side of 

the screen on which the target appeared. The results revealed that high state anxious partici-

pants were slower to respond to targets after an invalid angry face cue, compared to happy 

and neutral invalid cues (for which the RTs did not differ from each other). The low state 

anxious group did not exhibit differences between different face cues on invalid trials. As 

the authors concluded, this result indicated that anxious participants were slower in disen-

gaging their attention from angry faces. Valid angry face cues did not result in faster re-

sponding in either group. Interestingly, responses to happy valid cues were faster than re-

sponses to valid angry cues in the high state anxious group, suggesting an influence on the 

shift component of attention by happy faces in anxious participants. However, the authors 

considered this result spurious, since it did not occur in other experiments. 

 

The main finding of anxiety-related delayed disengagement from threatening cues has been 

replicated in a growing number of experiments. Fox et al. (2001, exp. 4) employed a target 

detection task with a 300-ms SOA, and had real photographs of emotional faces as cues. 

This resulted, again, in high state anxious group displaying slower responding after invalid 

angry cues. RTs were similar to all invalid cues in the low state anxious group. In addition, 

no expression-related differences on valid trials occurred. When threatening words have 

served as cues, delayed disengagement has been documented in clinical social phobia with a 

SOA of 600 ms (Amir et al., 2003). Ávila and Parcet (2002) reported a greater validity effect 

(RT difference between valid and invalid trials) for threat words in anxious participants with 

a SOA of 100 ms. Although they did not report whether the larger effect was due to faster 

shifting or slower disengagement, inspection of their results suggests that slower disengage-

ment from threat words caused the effect. Their interpretation of the result was that the aver-
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sive (threat) cues activated the anterior network more strongly in anxious subjects, thereby 

interfering the orienting functions of the posterior network, and resulting in a larger validity 

effect (Ávila & Parcet, 2002). 

 

Fox et al. (2002, exp. 1) – in an attempt to replicate and extend the main findings of their 

previous study (Fox et al., 2001) – employed a target discrimination task, and grouped their 

participants by trait anxiety. They (Fox et al., 2002, exp. 1) surprisingly found that high trait 

anxious participants showed delayed disengagement from both angry and happy invalid face 

cues (cf. Fox et al., 2001), suggesting of a general emotionality effect. Again, no other sig-

nificant differences emerged. This result is interesting and requires further investigation, 

since other studies, which have included positively valenced peripheral cues, have produced 

mixed results. Amir et al. (2003) found no evidence of a social phobia-related attentional 

bias for positive word cues with a SOA of 600 ms, whereas Derryberry and Reed (2002) did 

found that high trait anxiety resulted in delayed disengagement from positive symbolic cues 

with 500-ms SOA. 

 

In addition to the research by Fox and her colleagues (2001, 2002), only Pollak and Tolley-

Schell (2003) have so far applied the spatial cueing paradigm with faces as cues, but they 

studied physically abused children, who did not differ from control children in self-reported 

anxiety. Emotional pictorial scenes have so far been used in only one study. Yiend and 

Mathews (2001) presented threatening and neutral pictures as peripheral cues for 500 ms, 

and then the participants had to discriminate between two different targets. The low anxious 

group displayed the typical, albeit quantitatively small, pattern of facilitation by valid cues, 

which was not affected by cue type (threat or non-threat). The high anxious group, however, 

showed this validity effect only with trials involving threatening cues. This effect was 

caused by relative slowing on invalid threatening trials. The RTs for valid and invalid non-

threat trials did not differ from each other in the high anxious group. 

 

Authors have also employed the spatial cueing paradigm to investigate the influence of anxi-

ety and emotional stimuli on the time course of attentional processes. Ávila (1995) presented 

the basic non-emotional spatial cueing task to students with differing anxiety levels. With a 

SOA of 1000 ms, anxious subjects demonstrated a larger inhibition of return (IOR) effect. 

His (Ávila, 1995) interpretation of the result was that the anxious participants displayed a 
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greater difficulties in shifting attention away from the most probable target locations (i.e., 

from the uncued side when the target did not appear in the cued side), and engaging attention 

in previously revised locations. 

 

Fox et al. (2002) examined whether emotional cues and anxiety have any effects on IOR. 

They hypothesized that if attentional disengagement from angry faces takes longer in anx-

ious individuals, then the magnitude of IOR should be reduced when angry faces serve as 

cues. They (Fox et al., 2002, exp. 2) employed a target localization task with a SOA of 960 

ms, and found neither IOR nor facilitation with angry face cues, but significant IOR effects 

with happy and neutral cues. Furthermore, the results were similar with all participants re-

gardless of trait anxiety levels, supporting the view of a general attention-capturing power of 

angry faces and threatening stimuli (cf. Eastwood et al., 2003; Öhman et al., 2001). In a rep-

lication, Fox et al. (2002, exp. 3) added a mood induction procedure in order to elevate the 

state anxiety levels, and replaced the happy faces with scrambled faces, which contained the 

features of an angry face. Now, the low anxious participants displayed a similar IOR to all 

faces, whereas the high anxiety group still showed no IOR or facilitation with angry faces. 

 

Two other studies have so far examined whether the delayed disengagement from threaten-

ing stimuli has an effect on IOR. Yiend and Mathews (2001) used a discrimination task with 

pictorial cues and 2000-ms SOA. Similar to Fox et al. (2002, exp. 2), they found significant 

IOR only with non-threatening pictures, but not with threatening pictures, and the results 

were similar in high and low trait anxiety groups. Ávila and Parcet (2002) employed a detec-

tion task with word cues and SOAs of 100 ms and 500 ms. All participants displayed a sig-

nificant IOR effect at the 500 ms SOA, which was not affected by cue valence or anxiety 

level. 

 

Thus, with short SOAs, studies employing the spatial cueing task have produced fairly con-

vincing evidence for anxiety-related difficulties in disengaging attention from threatening 

stimuli. However, research concerning attentional disengagement at longer time durations 

has produced quite variable results. Some proportion of this variability could be due to dif-

ferent response requirements in these studies (localization in Fox et al., 2002; discrimination 

in Yiend & Mathews, 2001; detection in Ávila & Parcet, 2002). As noted earlier, IOR typi-

cally occurs sooner in detection tasks (Lupiánez et al., 2001). This might explain why Ávila 
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and Parcet (2002) obtained IOR at 500-ms SOA, but Amir et al. (2003), using a localization 

task, still obtained facilitation at 600-ms SOA. The threat level of the stimuli is also known 

to be of importance (Mogg & Bradley, 1998). When milder threat stimuli, such as words, are 

used as cues, it might be easier to disengage attention from them, and thus the possible dif-

ferences in the magnitude of IOR would be diminished (cf. Ávila & Parcet, 2002). With 

more threatening cues, such as angry faces or pictorial scenes, there might exist a general 

difficulty in disengaging attention completely from such stimuli (Fox et al., 2002, exp. 2; 

Yiend & Mathews, 2001). 
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2. THE PRESENT STUDY 

 

The present study sought to replicate and extend the existing findings gathered so far with 

the spatial cueing task. An emotional version of the spatial cueing task, with schematic an-

gry, happy, and neutral faces as peripheral cues, was administered to two groups differing in 

trait anxiety levels. A replication of this task with face cues is of importance, since so far 

only one group has used such cues (Fox et al., 2001, 2002). Furthermore, the results of Fox 

and her colleagues have been somewhat variable. When the cue was presented for only 100 

ms, all participants displayed a larger validity effect (i.e., delayed disengagement) with an-

gry faces, compared to happy and neutral faces (Fox et al., 2001, exp. 2). Additionally, in 

experiment 3, valid happy faces resulted in speeded detection in the high state anxious 

group. Fox et al. (2002) found anxiety-related delayed disengagement from both angry and 

happy faces (exp. 1). As discussed earlier, the existing data concerning the effects of anxiety 

and emotional cues on inhibition of return are also far from unequivocal. 

 

A novel feature of the present study is the inclusion of multiple SOAs at equally long time 

intervals. The shortest SOA of 200 ms is expected to yield – in addition to the basic facilita-

tion after valid cues – delayed target detection after an invalid angry face cue. This effect 

should be especially apparent in high trait anxious participants. The longest SOA of 950 ms 

is expected to result in significant inhibition of return. How much this inhibition is affected 

by anxiety level, or different facial expression cues, is difficult to predict in light of the pre-

vious findings. Additionally, two intermediate SOAs of 450 ms and 700 ms were included in 

order to explore more accurately if there are differences in the time scale of attentional dis-

engagement as a function of anxiety level or the emotional valence of the cue. 

 

In regard to the debate whether anxiety is associated with threat-related biases in shifting 

attention (Mogg & Bradley, 1998), or with subsequent disengagement difficulties (e.g., Amir 

et al., 2003; Fox et al., 2001, 2002), it is acknowledged that the present study can not give a 

conclusive answer to this question. Peripheral cues produce reflexive shifts of attention to 

their location, which result in very fast RTs on valid trials with short SOAs (Posner, 1980). 

Thus, as also Fox et al. (2001) noted, it may not be realistic to expect further speeding of 

RTs by angry valid cues in anxious participants. 
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The present study has also some methodological alterations compared to the studies re-

viewed above. First, throughout the experiment, all cues were non-informative, i.e., the cues 

predicted the target location on a 50/50 basis. In other relevant studies, the majority of the 

cues have been valid (Amir et al., 2003; Ávila & Parcet, 2002; Derryberry & Reed, 2002; 

Fox et al., 2001, 2002; Yiend & Mathews, 2001). As IOR (Klein, 2000), and facilitation 

(Berger et al., 1999) typically occur with non-informative cues, it was decided to use a 50/50 

probability throughout the experiment to keep all SOAs comparable. Second, neutral trials 

(where no cue is presented before the target) were not included. Instead, RTs after angry and 

happy cues were compared to RTs after face cues with neutral expressions. Some previous 

studies have included a neutral no-cue condition (Amir et al., 2003; Stormark et al., 1995; 

Yiend & Mathews, 2001), whereas others have not (Ávila & Parcet, 2002; Derryberry & 

Reed, 2002; Fox et al., 2001, 2002). Third, simple target detection was used as a response 

requirement, in order to avoid the possible confounding influence of stimulus-response com-

patibility effects, which might be evident in localization tasks (cf. Fox et al., 2001). 

 

Thus, the aims of the present study are as follows: 

 

1. The shortest SOA of 200 ms is expected to result in faster RTs to validly cued trials in all 

participants. 

2. Additionally, based on previous findings (Fox et al., 2001, 2002), it is hypothesized that 

the high trait anxiety group displays delayed disengagement from angry faces (longer RTs 

after invalid angry cues, compared to invalid happy and neutral cues) at the 200-ms SOA. 

3. For the longer SOAs, the aim of the present study is to describe more accurately the time 

course of IOR. Due to the inconsistencies in the currently existing data (cf. Ávila & Par-

cet, 2002; Fox et al., 2001, 2002; Yiend & Mathews, 2001), straightforward hypotheses 

about the influences of anxiety and emotional cues on IOR are not made. Because a de-

tection task is used, all the SOAs of 450, 700, and 950 ms are expected to result in sig-

nificant IOR. Should the logic of Fox et al. (2002, exp. 3) prove to be correct, all partici-

pants should display attenuated IOR for angry faces at the 450-ms SOA. For the low trait 

anxiety group, this attenuation might disappear with the 700-ms and 950-ms SOAs, 

whereas the high anxiety group should still display attenuated IOR for angry faces at the 

700-ms and 950-ms SOAs. 

 24 



3. METHOD 
 

3.1. Participants 

 

The trait version of the State-Trait Anxiety Inventory (STAI-Trait; Spielberger et al., 1977) 

was first administered to a pool of local upper secondary school students and introductory 

psychology students (n=224) approximately one week before the experimental session. Me-

an STAI-Trait score for the whole sample was 37.9 with a standard deviation (SD) of 8.2. 

Two groups representing high and low trait anxiety were formed on the basis of the STAI 

scores, and they were invited to the experimental session. Participants with scores lying near 

the median were not invited. Mean STAI-Trait scores were 52.3 (SD=6.5) and 28.6 

(SD=3.3) for the high (n=25) and low (n=24) trait anxious groups, respectively. All partici-

pants younger than 18 years had written consent from their parents. 

 

 

3.2. Stimuli and apparatus 

 

The target to be detected was a small asterisk (*), measuring 0.4º of visual angle. Cues and 

the target were presented inside two black-edged rectangles, which were flanked 3.9º left 

and right of a central 0.4º fixation point (+). The rectangles subtended 4.7º horizontally and 

5.2º vertically. Cues were schematically drawn faces displaying angry, happy, or emotion-

ally neutral expressions, and they were similar to faces used in previous experiments (e.g., 

Hietanen & Leppänen, 2003; Öhman et al., 2001). The faces measured 3.2º and 3.6º of hori-

zontal and vertical visual angle, respectively. All stimuli were black, and they were pre-

sented against a white background on a 17-inch computer monitor (1024 x 768 pixels, 75 

Hz). E-Prime software (Schneider, Eschman, & Zuccolotto, 2002) controlled the stimulus 

presentation and data collection, and was run on a 2,40 GHz Pentium PC. The participants 

gave manual responses by pushing the middle button of an E-Prime button box. 
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3.3. Procedure 

 

Between one and four participants took part in the computerized experiment at the same 

time. After arriving to the laboratory, the participants first completed the state version of the 

STAI (STAI-State). They were then asked to sit in front of a computer, in which the experi-

ment was ready to get started. A head-rest was used in order to maintain the participant’s 

viewing angle and viewing distance from the monitor (57 cm) steady throughout the experi-

ment. 

 

The participant’s task was to detect the target (*) every time it appeared in one of the two 

rectangles. The participant was instructed to press the response key with her or his dominant 

hand’s index finger as quickly as possible after detecting the target. On catch trials (13% of 

all trials), no target appeared on the screen, and the participant had to withhold her or his 

response. The target was always preceded by a face cue presented in the upper half of either 

the left or right rectangle. The target then appeared, after a fixed time interval, in the lower 

half of the rectangle. This procedure was chosen to prevent any forward masking of the tar-

get by the cue, and it has been applied in previous studies (cf. Fox et al., 2001, 2002). 

 

The precise sequence of events on each trial was as follows (see Figure 2): A central fixation 

point (+) and two peripheral empty rectangles were presented at the screen, at eye level, for 

750 ms. Participants were instructed to fixate their eyes on the fixation point throughout 

each trial. A face cue was then presented in the left or right rectangle for 100 ms. After this, 

the face disappeared, and only the fixation point and two empty rectangles remained on the 

screen. Then, after a fixed time interval of 100, 350, 600, or 850 ms, the target appeared in 

the left or right rectangle, and remained visible until response, or for 2000 ms, if the partici-

pant did not respond. After this, the rectangles and the fixation point disappeared from the 

screen, and the screen was blank for a 1000-ms inter-trial interval. 
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Figure 2. Sequence of events on an invalid trial with an angry face as a cue. The figure does 
not depict the actual size of the stimuli. 
 

 

Four different stimulus-onset-asynchronies (SOAs) were thus employed: 200, 450, 700, and 

950 ms. All SOAs were presented in separate blocks. The order of the block presentation 

was counterbalanced between the participants. The experiment started with a practice block 

of 15 trials, including three catch trials. Then it was assured that the participants had under-

stood the instructions correctly. After this, the participants completed all the 552 experimen-

tal trials, which included 72 catch trials. The trials were distributed in four blocks, each 

block employing one SOA. The probability of valid and invalid trials was equal. Thus, one 

block included 60 valid trials (20 for each facial expression), 60 invalid trials, and 18 catch 

trials (three for each expression appearing in the left and right rectangle), giving a total of 

138 trials presented in random order within a block. The probability of the cues and the tar-

get appearing in the left- or right-side rectangles was also equal. Participants were encour-

aged to rest as long as they wished between the blocks, and they could start the next block 

by pressing the response key. The duration of completing all the four blocks was approxi-

mately 30 minutes. Reaction time data were analyzed from all valid and invalid experimental 

trials. These 480 trials included an equal number (160) of angry, happy, and neutral face 

cues. 
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3.4. Design 

 

A 2 × 2 × 3 × 4 ANOVA mixed design was used to analyze the reaction time data. Group 

(high or low trait anxiety) served as a between-subjects factor, while Validity (valid or inva-

lid trials), Valence (angry, happy, or neutral cues), and SOA (200, 450, 700, or 950 ms) were 

within-subjects factors. 
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4. RESULTS 

 

4.1. Data reduction 

 

First, the practice trials were excluded. Then, the button-press data were filtered by first dis-

carding the catch trials from the data. At this point, the data from five participants were re-

moved from further analysis due to an excessive number of catch trial errors (i.e., more than 

10% of all catch trials). This resulted in a loss of two and three participants from the high 

and low trait anxiety groups, respectively. For the remaining participants, on average, 3.3% 

of catch trial errors were made. After this, anticipatory responses, i.e., when the participant 

had responded between the cue and the target, were removed. On average, participants com-

mitted these anticipatory responses on 0.2% of the trials. From the remaining valid and inva-

lid trial RT data, responses with RTs shorter than 100 ms and longer than 1000 ms were first 

excluded. This resulted in 0.6% of the trials being discarded. Next, individual mean RT was 

calculated for each participant. RTs exceeding the time-window of individual mean RT plus 

or minus two standard deviations were discarded. This filtering resulted in a further loss of 

3.6% trials on average. 

 

 

4.2. Group characteristics 

 

As can be seen in Table 1, the low trait anxious (LTA) and high trait anxious (HTA) groups 

differed in their trait and state anxiety scores. Importantly, no differences were noted be-

tween the groups in the data reduction procedure (Table 1). The groups were also matched 

by sex and handedness (both ps > .3) 
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Table 1. Group characteristics as mean percentages. Standard deviations in parentheses. 
 

Group 
  

Measure HTA LTA t df 

n 23 21   
Age 22.3 (6.5) 20.2 (4.3) 1.2 42 
Trait anxiety 52.6 (6.7) 28.7 (3.2)      14.9** 42 
State anxiety 38.7 (8.6) 28.1 (3.3)     5.3** 42 
Catch 2.9 (2.4) 3.8 (2.7) 1.1 42 
AR 0.2 (0.3) 0.3 (0.4) 0.7 42 
100/1000 0.4 (0.5) 0.8 (0.8) 1.9 42 
RT ±2 SD 3.6 (1.0) 3.5 (0.9) 0.3 42 

Note. HTA = high trait anxious; LTA = low trait anxious; Catch = mean percentage of catch 
trial errors; AR = mean percentage of anticipatory responses; 100/1000 = mean percentage 
of responses under 100 ms and over 1000 ms; RT ±2 SD = mean percentage of responses 
exceeding the individual mean RT ±2 standard deviations. 
** p < .001. 
 

 

4.3. Reaction time data 

 

Mean RTs are displayed graphically in Figure 2. The RT data were subjected to a 2 (Group: 

high and low trait anxiety) × 2 (Validity: valid and invalid) × 3 (Valence: angry, happy, and 

neutral) × 4 (SOA: 200, 450, 700, and 950 ms) ANOVA. The analysis revealed main effects 

for Valence, F(2, 84) = 4.8, p ≤ .01, and Validity, F(1, 42) = 173.0, p ≤ .001. The main effect 

of Valence arose from shorter overall RTs to trials with happy cues, compared to angry 

[t(43) = 2.8, p ≤ .008], and neutral [t(43) = 2.4, p ≤ .02] cues. Responses to angry and neutral 

cues did not differ from each other. There was also a significant two-way interaction be-

tween Validity and SOA, F(3, 126) = 74.6, p ≤ .001. Inspection of Figure 3 suggests that this 

interaction is due to IOR effects at all longer SOAs, but not at the 200-ms SOA. This inter-

action will be analyzed in more detail below. Valence × Validity × Group interaction ap-

proached significance, F(2, 84) = 2.9, p = .058. All other interactions failed to reach statisti-

cal significance (all ps > .1), and thus, no theoretically interesting group differences 

emerged. 
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Figure 3. Mean reaction times in milliseconds (ms) for low and high trait anxious groups as 
a function of Validity, Valence, and SOA. 
 

 

The data were further analyzed separately for each SOA to examine the patterns of facilita-

tion and inhibition in a more detailed manner. However, it is acknowledged that this proce-

dure is not fully justified, given that the four-way Valence × Validity × SOA × Group inter-

action did not reach significance. 

 

A 2 × 2 × 3 ANOVA for the data with the 200-ms SOA yielded no significant main effects 

(both ps > .2). The Valence × Validity interaction was significant, F(2, 84) = 4.1, p ≤ .02, 

while the Validity × Group interaction approached significance, F(1, 42) = 3.5, p = .07. 

Thus, facilitation occurred only with happy cues, t(43) = 2.4, p ≤ .02. Inspection of Figure 3 

suggests that such facilitation was apparent only in the LTA group. However, the Valence × 

Validity × Group interaction only approached significance, F(2, 84) = 2.5, p = .09. 

 

Analyses for the longer SOAs (450, 700, and 950 ms) yielded main effects for Validity (all 

ps ≤ .001), thus revealing significant IOR effects, as can be seen also from Figure 3. The 
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450-ms SOA gave a near-significant main effect also for Valence, F(2, 84) = 3.0, p = .06. 

Despite a nearly significant Valence × Group interaction in the 950-ms SOA [F(2, 84) = 2.9, 

p = .06], all other main effects and interactions were non-significant (all ps > .4, and .1, re-

spectively). 
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5. DISCUSSION 

 

The present study sought to replicate and extend the finding that the disengagement compo-

nent of visual attention is biased in anxious individuals, manifested in increased dwell time 

on threatening stimuli. To date, only Fox and her colleagues (Fox et al., 2001, 2002) have 

administered the spatial cueing task with face cues to groups differing in anxiety levels. 

Other authors have used words (Amir et al., 2003; Ávila & Parcet, 2002), affective pictures 

(Yiend & Mathews, 2001), symbolic cues with positive or negative value (Derryberry & 

Reed, 2002), and aversively conditioned stimuli (Koster, Crombez, Van Damme, Ver-

schuere, & De Houwer, 2004a) as cues. Fox et al. (2001, 2002) have found evidence for 

anxiety-related difficulties in disengaging attention from angry faces at a SOA of 300 ms. 

Investigating the relationship of IOR with anxiety and emotional cues, they (Fox et al., 

2002) got mixed results: in exp. 1, none of the participants displayed IOR with angry faces 

(with a SOA of 960 ms). However, in a replication (exp. 3), the low anxious participants 

displayed significant IOR with all faces, whereas the high anxiety group still showed neither 

facilitation nor IOR with angry faces. In addition to conducting a needed replication of the 

IOR study, the present study added two intermediate SOAs of 450 and 700 ms to explore 

more accurately the time course of attentional processing in the two groups studied. 

 

The results of the present study did not replicate the findings of Fox et al. (2001, 2002). 

Meaningful differences as a function of anxiety or cue valence were not found. That is, both 

groups’ responses were essentially the same throughout the experiment. As expected, the 

experiment produced IOR successfully for all SOAs other than the 200-ms SOA. However, 

no notable differences in the magnitude of IOR between the groups (or as a function of facial 

expressions) were found. Thus, there was not any attenuation in IOR for angry faces in the 

HTA group, as could have been expected on the basis of the results by Fox et al. (2002). The 

absence of IOR differences between groups in the present study bears similarity to the find-

ings of Ávila and Parcet (2002). The RT data at the 200-ms SOA, on the other hand, raises a 

problem, as facilitation was only noted with happy faces. Inspection of Figure 3 suggests 

that such facilitation was apparent only in the LTA group. However, this assumption is not 

fully verified by statistical analyses, and, therefore, it is obvious that the basic pattern of fa-
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cilitation with a short cue-target interval was not reliably achieved with all valid cues in the 

present experiment. 

 

Important methodological aspects need to be considered when discussing the present results. 

First, because facilitation did not occur with all types of valid cues, it seems possible that, 

despite careful pilot-experimentation, and the placing of the stimuli (cf. Fox et al., 2001), the 

200-ms SOA might still have suffered from forward masking. There is a possibility that this 

could be due to the direction of the contrast polarity in the task (i.e., black stimuli on a white 

background). In the basic version of the spatial cueing paradigm, the attentional cue has been 

a brightening of a white or grey rectangle on a black or grey background (e.g., Berger et al., 

1999; Lupianez et al., 2001; Posner & Cohen, 1984). Authors using the emotional version of 

the task have also used a black (Amir et al., 2003; Ávila & Parcet, 2002; Fox et al., 2001, 

2002; Pollak & Tolley-Schell, 2003) or grey background (Derryberry & Reed, 2002). There 

seems to be no published reports on the influences of the direction of the contrast polarity on 

forward masking or on other parameters of the spatial cueing task. 

 

Second, the schematic face stimuli of the present study were more complex than the stimuli 

of Fox et al. (2001; 2002). In previous studies (Hietanen & Leppänen, 2003; Öhman et al., 

2001), the same schematic faces have been suggested to be effective in signalling the proto-

typical expressions of anger, happiness, and emotional neutrality. However, considering the 

brief presentation time of the cues (100 ms) in the present study, perhaps the participants 

were unable to sufficiently extract the emotional information from the peripherally presented 

faces, which could partly explain the absence of valence effects. Another interesting ques-

tion is, whether the contrast polarity of the display could also affect the power of different 

faces in drawing attention to them, possibly by diminishing the perceptual clarity and dis-

criminability of the facial feature configuration. 

 

On a theoretical level, authors (Mathews & Mackintosh, 1998; Mogg & Bradley, 2004) have 

suggested different reasons why anxiety-related attentional biases may sometimes be sup-

pressed, or even reversed. One possibility is that, although high trait anxious individuals 

have a tendency to assign high subjective threat value to fairly innocuous stimuli (Mogg & 

Bradley, 1998), the threat value provided by the faces might not have been sufficiently high 

in the present study. Furthermore, Mathews and Mackintosh (1998) argued that when high 
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trait anxiety is not coupled with high state anxiety or chronic stress, and the threat cues are 

relatively weak, attentional biases are not necessarily elicited. In the present study, the HTA 

group scored significantly higher also on the State-scale of the STAI. However, the overall 

state anxiety was fairly low in the present sample (39 and 28 for the HTA and LTA groups, 

respectively). Thus, it could be that a mood induction procedure, or cues with higher actual 

threat value, might have had the effect of eliciting attentional biases in anxious participants. 

One way to attach higher and imminent threat value to the cues could be achieved by em-

ploying an aversive-conditioning procedure (Koster et al., 2004a). 

 

Another possibility is that by directing controlled effort to the detection of targets, anxious 

participants might have been able to counter the emotional reactions elicited by threatening 

faces. This assumption follows the logic of Mathews and Mackintosh (1998), who described 

such ‘override’-mechanism in explaining the absence and suppression of interference ef-

fects, which are occasionally found in the emotional Stroop task with anxious or phobic sub-

jects (e.g., Mathews & Sebastian, 1993). However, it is impossible to determine, whether 

these top-down control processes were operating in the present study. Williams et al. (1996) 

suggested that, in the Stroop task, such controlled effort should lead to faster responses, 

which was in fact evident in the Mathews and Sebastian (1993) study. However, in the pre-

sent study, no differences were found between groups in the overall response latency. 

 

Levels of depression were not measured in the present study. According to Mogg and Brad-

ley’s (1998, 2004) cognitive-motivational model, attentional biases for threat may be absent 

in comorbid anxiety and depression, at least when the disorders are manifested in their clini-

cal forms. This is due to the view that whereas anxiety and depression are both associated 

with a negatively oriented Valence Evaluation System (see Figure 1), depression is charac-

terized by reduced engagement in external stimuli, thus suppressing the vigilance for exter-

nal threat prompted by anxiety (Mogg & Bradley, 1998). However, it should be noted that 

when depression has been measured in the spatial cueing experiments (e.g., Amir et al., 

2003; Fox et al., 2001; Yiend & Mathews, 2001), high trait anxious participants have had 

higher scores on depression measures, but the attentional biases associated with anxiety 

have, nevertheless, been evident. 
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Thus, from all published reports, the present results mirror only the results of Ávila and Par-

cet (2002), who also did not obtain any IOR differences as a function of cue valence or anxi-

ety, although they did observe facilitation and a greater validity effect (RT difference be-

tween valid and invalid trials) for threat words in anxious participants with a SOA of 100 

ms. Nevertheless, further research in the field of anxiety and attention is needed to clarify 

several unresolved issues, which include: the exact nature of underlying attentional mecha-

nisms (e.g., shift vs. disengagement); the interplay between state and trait variables; underly-

ing brain mechanisms; distinctive features of attentional processing in different anxiety dis-

orders; and the specificity of attentional biases (anxiety-specific vs. general motivational 

processes). Regarding the specificity of the biases, there are some interesting recent studies 

suggesting similar attentional biases in motivational states, such as drug dependence (Lub-

man, Peters, Mogg, Bradley, & Deakin, 2000), and even hunger (Mogg, Bradley, Hyare, & 

Lee, 1998). Such findings led Mogg and Bradley (2004) to question whether attentional bi-

ases could be mediated by a general motivational mechanism, which causes attention to be 

captured and possibly also maintained by appetitive and aversive stimuli. Considering the 

brain basis of attentional biases, Mathews, Yiend, and Lawrence (2004) found that the same 

mechanisms that are involved in freezing behaviour in animals (e.g., hippocampal and 

periaqueductal grey activation), were also differentially activated in anxiety-prone individu-

als when viewing fear-related pictures. They (Mathews et al., 2004) suggested that the dis-

engagement difficulties seen in anxiety could be due to a similar mechanism (cf. Fox et al., 

2001). 

 

Even though the debate concerning the underlying mechanisms (i.e., shift vs. disengage-

ment) possibly remains unresolved, the investigation of the exact attentional processes con-

tinues to be of importance, as recent studies have shed light on the possible causality of at-

tentional processes in anxiety disorders. Compton (2000) demonstrated that participants who 

were slowest in disengaging attention in an orienting task, also showed more pronounced 

increases in self-reported distress in response to an affect-inducing film. Recently, it has 

been shown (MacLeod, Rutherford, Campbell, Ebsworthy, & Holker, 2002; Mathews & 

MacLeod, 2002) that training non-anxious volunteers to repeatedly attend to threatening 

locations in an attentional probe task resulted in faster detection of targets replacing threat-

ening stimuli in a non-contingent test phase. Importantly, although the attentional training 

did not produce immediate increases in state anxiety, the trained participants got signifi-
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cantly more anxious, when encountered with a stressful situation. The authors’ (MacLeod et 

al., 2002; Mathews & MacLeod, 2002) interpretation was that the acquired attentional biases 

causally mediated emotional vulnerability. Such results will, in the future, be integral in the 

development of therapeutic interventions aimed directly to correct biased attentional proc-

essing. Preliminary support for such goals already exist, as MacLeod, Campbell, Rutherford, 

and Wilson (2004) reported the beneficial effects of training anxious participants to correct 

their style of processing threatening material. 
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