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Abstract 

Emotionally-charged stimuli have been reported as efficient distractors during 

visual search (e.g., Eastwood, Smilek, Merikle, 2001; Hansen & Hansen, 1988; Öhman, 

2002; Öhman, Flykt, & Esteves, 2001; Öhman & Soares, 1993). The extensiveness and 

specificity of the influence of such distractions for attention and performance beyond the 

context of their presentation were currently investigated. Of interest was whether prior 

experiences of distraction from such stimuli influence spatial attention during a 

subsequent visual event. General and location-specific bases of such effects and the role 

of memory in modulating these were investigated. 

Over a series of trials, participants performed a target localization task during a 

prime event involving exposure to an emotionally-charged distractor, or only neutral 

distractors. Subsequently, performance at the same task was measured when only neutral 

distractors were presented during a probe event. During each event, one of four shapes 

had to be identified and responded to as a target. Distractor images were presented within 

each shape outline. Whether or not the shapes were the same or different across the prime 

and probe event of a trial was manipulated as a test of the role of memory in modulating 

effects across the events of a trial. 

Earlier findings of immediate impairments to attention based on exposure to 

emotionally-charged stimuli were replicated. The current study also revealed the 

occurrence of robust performance impairments during the probe event subsequent to the 

disruption of attention during the prime event. Evidence was limited in suggesting that 

the impairments depended on which location the emotional stimulus occupied during the 
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prime event. Strong evidence, however, was observed for global impairments on attention 

across visual events, conditional on task demands being similar during both. 

An account of the findings which incorporates memory was suggested, whereby 

retrieval processes engaged during the probe event support access to the interaction 

history with emotionally-charged stimuli during the prime event. Whereas consistent 

experience with emotional stimuli requiring no response produced a prominent cognitive 

refraction period at the time of the probe event, requiring that attention be re-centered to 

the task, less consistent experiences produced a briefer refractory period. 
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EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 1 

CHAPTER I: INTRODUCTION 

Attention to observer goal-relevant and goal-irrelevant information 

Although the human visual system encounters countless stimuli on a moment to 

moment basis, the processing of all information is not equal and may not occur on the 

same bases. Visual information may in some circumstances be actively sought out and 

carefully attended to so that a specific short-term goal may be accomplished. For 

instance, a parent seeking to locate their strayed child in a large crowd might attentively 

scan the crowd for individuals wearing yellow pieces of clothing, if their child was 

wearing yellow. In other circumstances, visual information may be processed without 

further attention or exploration. Such is the case of the unexciting landmarks and features 

which line the familiar route taken by a commuter on their way to work. At times, 

however, visual information which may be less relevant to one’s current goals (or at least 

appear to be less relevant) may nevertheless gain the focus of attention which would 

otherwise be actively directed to goal-relevant information. For instance, an orange sand 

bucket set on the shore of a deserted beach may easily catch the eye of an observer 

scanning the sand for seashells. In this manner, both goal-relevant and goal-irrelevant 

stimuli may be processed. A key factor which appears to determine whether attention is 

directed to each type of visual information, however, is whether processing of that 

information is deliberate or not. Whereas attention appears to be allocated purposefully to 

key sources of information in the observers’ visual environment as a function of their 

goals, attention may also be momentarily attracted to certain sources of information 

which may not be directly relevant to an observer’s goals. A distinguishing factor 

between these two cases is that, in the first case, processing of visual information would 
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appear to take place as a function of voluntary and intentional allocation of attention. In 

the second case, attention to visual information may result from processes which are 

engaged with minimal effort, as a result of either a process of automatization of 

previously deliberate and effortful processes or by virtue of the low cognitive demands 

required to perform the task (see Neisser, 1967), irrespective of an observer’s intentions 

and goal-related distribution of attention. In accordance with this distinction, processing 

of visual information that is not otherwise already under the focus of attention may occur 

on the basis of relatively automatic processes, at a relatively small cost to attentional 

resources (see Kahneman, 1973; Spelke, Hirst, & Neisser, 1976), though, potentially 

disruptive to the performance of a goal-relevant task which requires deliberate focus of 

attention on other sources of information). In contrast, processing of visual information 

that an observer views as relevant in their deliberate pursuit of a goal would seem to 

involve controlled processes and these would be expected to place greater demands on 

attentional resources (see Kahneman, 1973; Spelke et al., 1976). 

Despite the efforts of an observer to deliberately direct their attention to goal-

relevant sources of information, and perhaps as part of this very process, it has been 

reported that all information is evaluated (Hermans, De Houwer, & Eelen, 1994; and see 

Merikle, Smilek, & Eastwood, 2001, for a discussion). The implication is that processing 

of goal-irrelevant or unattended information may be ongoing, albeit to a different extent 

than the processing of attended information (see MacLean et al., 2009, and Müller & 

Rabbit, 1989, for a discussion on the interplay between reflexive and voluntary influences 

on orienting attention). In the current study, one of my key interests was to investigate 

how visual information that is irrelevant to current goals may not only have a direct 
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influence on attention during current processing of the visual environment, but also how 

such information may influence processing subsequently, despite changes in the visual 

environment and an observer having had the chance to discount the information as goal-

irrelevant. It would seem reasonable to expect disruptions to processing goal-relevant 

information in the immediate context of the presentation of goal-irrelevant information 

which gains the attention of an observer. Some such examples exist and are outlined in 

the sections which follow. Up to now, there has been little research aimed at determining 

whether any such disruptions are durable beyond completion of the present task and after 

the source of interfering information is no longer present. In the presence of distracting 

information, one would assume that an observer may redirect their attention to goal-

relevant information with little difficulty. However, do deliberate attempts to ignore 

salient distracting information necessarily prevent the processing of such information and 

any carry-over of disruption to attention on subsequent processing? The current study is 

aimed in such a direction of inquiry. 

The visual system is generally recognized as being receptive to and capable of 

processing basic features of the environment (see Treisman, 1986) with the objective of 

conducting a general survey and evaluation of its contents. In support of this assumption, 

numerous reports indicate the highly specific nature of ganglion cells in the retina of 

vertebrates, although other researchers have also observed variability across these 

species. For instance, ganglion cells of the retina which show selective excitation for 

patterns of illumination (Lettvin, Maturana, McCulloch, & Pitts, 1959), and for the 

direction of motion of a stimulus (Barlow, Hill, & Levick, 1964; Hubel, 1959; Hubel & 

Wiesel 1959, 1962; Hubel & Wiesel 1963; 1968, and see Ratcliff, 1974, for a thorough 
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review and exceptions) have been identified, among other features present in the visual 

field. Such processing is proposed to occur irrespective of intent (Hermans, De Houwer, 

& Eelen, 1994) or conscious awareness (Murphy & Zajonc, 1993), and is thought to 

underlie a readiness to further process aspects of one’s visual environment as need arises 

(e.g., MacLean et al., 2009; Öhman, Flykt, & Esteves, 2001). 

In some circumstances, the efficiency in deliberately processing sources of 

information of relevance to an observer’s goals may be affected (e.g., Müller & Rabbit, 

1989). For instance, when looking at a painting in an art gallery, an observer might 

extract basic visual information, such as themes in colour, linear patterns, and contours. 

The observer may be investing effort into detecting an ambiguous silhouette that was 

incorporated subtly into the image. Aspects of the painting which are eye-catching, such 

as brush strokes of bright colours, may momentarily divert attention away from other 

aspects of the painting that the observer is inspecting more deliberately. It is instrumental 

to consider, even if momentarily, the eye-catching brushstrokes. A momentary evaluation 

of these may reveal them to be irrelevant to the main object of the artwork. In which case, 

the importance of such a source of information may be discounted, and attention 

withdrawn and redistributed to more important information. Alternatively, the same brush 

strokes may be appraised as contributing relevant information to the identification of the 

object of the artwork. In this way, small disruptions to an otherwise dedicated application 

of attention and cognitive resources to goal-relevant information may result in small time 

costs or access to information which would contribute to the achievement of that goal. 

There have been a number of reported demonstrations in the literature on how 

unattended information may be processed without intent, resulting in that information 
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being further processed and evaluated as a result. For instance, early investigations 

performed in the area of auditory cognition have shown this to be the case of to-be-

ignored auditory information during divided attention tasks (Cherry, 1953; Treisman, 

1960; Moray, 1959; Nielson & Sarason, 1981; and see Wu, Weissman, Roberts, & 

Woldorff, 2007). In the visual domain, specifically, similar demonstrations exist whereby 

attention is drawn from attended information to a source of to-be-ignored information. 

This has been found to occur, for instance, during visual search for a target among 

distractors sharing physical attributes with the target (Treisman, 1986),  and as a function 

of similarity between a target and the distractors among which it is presented (for 

instance, see Duncan & Humphreys, 1992). Stimuli which appear with an abrupt onset 

also easily gain the focus of attention (Jonides & Yantis, 1988; Yantis, 1993), as do 

stimuli which are physically salient (Yantis & Egeth, 1999) or distinctive from other 

stimuli presented in an array of items (known as a pop-out effect, Treisman & Gelade, 

1980; Treisman, 1988). In life, there are abundant instances in which information that is 

not the focus of attention may come to rapidly attract attention. As an example, a driver 

may have his focus briefly drawn away from the road ahead by a flashy billboard 

advertisement. In such cases, goal-irrelevant information gains the attention of an 

observer, albeit temporarily. These distracting events may well have consequences for a 

person’s immediate and subsequent success in processing and responding effectively to 

goal-relevant information. 

As a result of the combined influence of processing information on the basis of 

observer goals and the sensitivities of the visual system to characteristics of the visual 

field, competition for the focus of attention may be ongoing. The processing bias driven 
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by attention may at times support the processing of goal-relevant information, and at 

other times support the exploration of the visual environment in conflict with goal-

relevant processing (see Kim & Cave, 1999; Lamy, Tsal, & Egeth, 2003). The theme of 

competition between such knowledge-based or thought-based (top-down) initiated 

processes and stimulus-based (bottom-up) initiated processes is a common one in the 

literature on attention (see Desimone & Duncan, 1995, for a comprehensive description 

of their Competition Model of Attention, and Goldberg, Bisley, Powell, & Gottlieb, 2006, 

for a discussion of underlying neural mechanisms in primates).   

One way that attention might be drawn to goal-irrelevant visual information is if 

information is relevant or important enough to an observer that processing that 

information is a higher priority than focusing on goal-relevant information. The specific 

forms of information that may attain that level of importance will tend to vary across 

individuals, according to what they most value from their personal experience and 

because of their unique preferences. Even so, members of a species may generally share 

biases to process stimuli that are evolutionarily relevant, pertaining to biological or 

reproductive value, for instance (e.g., Rattenborg, Lima, & Amlaner, 1999). These 

evolved tendencies will support faster and more extensive processing of certain types of 

information over others in order to support treating such evolutionarily-relevant 

information as a high priority for preparing and executing behavioural responses (Öhman, 

Flykt, & Esteves, 2001). For instance, through a process of establishing associations 

between stimuli with negative implications for survival (e.g., venomous snakes, weapons, 

hostile behaviours) and the experience of fear, a greater preparedness for noting the 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 7 

presence of such stimuli and generating a response to these types of stimuli (e.g., fleeing 

or fighting) could result (Öhman & Mineka, 2001). 

Through similar mechanisms, sources of information which are not particularly 

salient to the visual system and do not hold direct survival-related implications may tend 

to draw the attention of an observer. Acquired experience with stimuli, and cognitive 

evaluation and appraisal of these, may elect certain stimuli to a status of high importance, 

with the potential result of such stimuli being processed in an automated manner (Eder, 

Hommel, & De Houwer, 2007). Stimuli that have acquired special importance in the 

experience of an observer will also tend to compel more vigilance (for a review 

Kanwisher & Wojciulik, 2000) and a heightened capacity to generate a quick response 

(Mackworth, 1954; Müller & Rabbitt, 1989). For instance, an experienced tennis player 

will detect and respond to a minor change in movement and directionality in an opponent 

more rapidly than might a novice player or a spectator who is attending to some other 

aspect of the opposition. 

In summary, information in the visual field may be processed deliberately on the 

basis of its instrumental function to an observer’s goals, or it may be processed 

involuntarily as a function of the capacity of the visual system to chronically survey the 

visual field for important events, albeit irrelevant to an observer’s short-term goals. The 

contributions of both exogenous and endogenous influences in determining which 

sources of information may be attended in the visual environment is not a straightforward 

distinction to make, as factors such as available sources of visual information, conscious 

use of perceptual information, and capacity or readiness to detect visual information may 

interact and are unique to each visual environment. Nevertheless, whereas many aspects 
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of the environment may remain outside of conscious awareness, attention may be drawn 

to goal-irrelevant sources of information, resulting in disruptions to perceptual processes 

and behavioural responses to information that is central to performance of a current task. 

 

Overview of the current study 

In the present study, I first investigated whether exposure to a source of 

distracting visual information, namely an emotionally-charged distractor stimulus, would 

succeed in disrupting performance of a visual search task. Second, my goal was to test 

whether this disruption would influence subsequent visual search performance even after 

removal of the emotionally-charged distractor from the visual field. A central question 

that my studies are aimed at addressing is whether the presentation of a salient distractor 

at a location in visual space will impair subsequent localization of a neutral stimulus at 

that same location? That is, will the distraction generated by an emotionally-charged 

stimulus be location-specific? As an alternative to this possibility, it is conceivable that 

the disruption caused by an emotionally-charged distractor will not be location-specific, 

but will cause a deficit to subsequent visual search performance regardless of the 

subsequent location of a visual search target.  

Distinguishing between these two possibilities will be both theoretically and 

practically informative. For cognitive scientists, it will be useful to know whether or not 

the future consequences of exposure to a potent source of distraction stays bound to the 

spatial location in which the distractor occurred. In practical terms, it will be useful to 

know whether cognitive performance will be generally impaired by exposure to an 

emotionally-charged source of distraction or will be only locally impaired, harming 
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efficiency of processing mainly at the location in which that stimulus appeared. 

Considering once again the driving example provided above, it is possible that the 

involuntarily capture of attention to a provocative billboard will discourage or encourage 

future orienting of attention to that specific location. A response to the threat to driving 

performance arising from attention being drawn away from that task might be to 

discourage processing of billboards presented on that side of the freeway. In contrast, a 

driver’s attention getting drawn away from the road by a billboard may generally impair 

their performance of driving for some period of time afterwards. That is, perhaps the 

effect of distraction from an emotionally-charged stimulus generates performance costs 

for reasons that are similar to the origin of performance costs observed in the context of 

task-switching. By now, there is a substantive literature (for a review, see Monsell, 2003) 

revealing that the need to switch between two tasks result in both slowed performance 

and a tendency for participants to make more errors. An emotionally-charged stimulus 

may succeed in disrupting a person from their present task, effectively causing a task 

switch. There may then be a general cost to performance that persists beyond that 

distracting event when that person must re-engage their primary task. 

In addition to addressing these questions regarding the downstream effect of 

exposure to an emotionally-charged distractor, I adopt a framework for understanding my 

results that places particular emphasis on memory processes and their interaction with 

processes of attention, perception, and response selection. In the next few chapters, 

however, I will first provide a more comprehensive review of the research literature 

relevant to the processing of emotionally-charged and neutral stimuli and their effects on 

the key cognitive processes of attention and memory. 
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CHAPTER II: DEFINING EMOTIONALLY-CHARGED STIMULI 

Generally, most stimuli which are relevant to the self or to survival-goals may be 

considered as belonging to the category emotionally-charged stimuli, in so much as they 

may be associated to emotion (complex pattern of physiological, expressive, and 

behavioural changes) and affect, or the conscious experience of feeling (Russel, 2003). 

However, it is critical to consider the variability in the response that stimuli falling within 

that category may elicit. Three main contributing factors stand out in determining 

whether a response is elicited from an observer and the intensity of any such response: a) 

individual differences, b) whether or not an emotionally-charged stimulus has inherent 

non-emotional characteristics which may draw the attention of an observer independently 

of any emotional properties of that stimulus, and c) the location that a stimulus occupies 

along each of the dimensions of valence and arousal. Below, I describe in greater detail 

how exposure to emotionally-charged stimuli can influence observers’ visual attention. 

First, the emotional charge of a stimulus (if any), is, to some extent, subjectively 

determined. In part, this subjectivity arises from the variation that exists in individuals’ 

past experience, but it is also reflective of personal dispositions. In combination, these 

factors may lead to variations in how and the extent to which observers cognitively react 

to stimuli. That is, the emotional quality that is associated with a stimulus is largely a 

function of top-down evaluative cognitive processes (Eder, Hommel, & De Houwer, 

2007). By implication, some individuals may react strongly to the emotional quality of a 

stimulus, whereas others may not react at all. For instance, high-anxiety individuals, 

relative to normal controls, appear to have a lesser ability to practice attentional control, 
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which can translate into difficulty in disengaging attention from negative stimuli 

(Derryberry & Reed, 2002). 

Second, emotionally-charged stimuli may rapidly gain a person’s attention and 

provoke more vigorous responses than non-emotional stimuli on some basis other than 

their emotional quality. Instead, variability in responding to such items may occur as a 

function of the context in which they are encountered. The general properties that a 

stimulus can take on in the context of a particular task or paradigm may partly underlie 

what appears to be automatic processing of emotionally-charged stimuli (Eder, Hommel, 

& De Houwer, 2007). Seemingly automatic responses more often associated with 

processing emotionally-charged stimuli can also be observed for non-emotional stimuli. 

For instance, whereas the presentation of a target in a repeated location of a visual display 

can impair its detection, change in the spatial location of a target in a visual display can 

promote its rapid detection (the phenomenon of Inhibition of Return, see Klein, 2000, for 

a review). Also, novel and unexpected stimuli seem to be rapidly detectable from an array 

of familiar items (see Eder et al., 2007, for a review). In both cases, the stimuli are not 

inherently emotionally stimulating, yet they attract preferential processing because of 

their relation to the context in which they appear. Research which reports effects of the 

presentation of emotionally-charged stimuli on performance as preattentive, that is prior 

to an observer gaining conscious awareness of its presentation, nevertheless attests to the 

robust influence that exposure to emotionally-charged stimuli can have on attention (e.g., 

Hamann, Ely, Grafton, & Kilts, 1999) on its own. 

Another presumed contributor to variability in how emotionally charged stimuli 

are responded to is the actual bases by which they draw attention. There are two general 
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approaches in explaining how emotionally charged stimuli influence attention (see 

Anderson, 2005 for a discussion). One popular view is that emotionally-charged stimuli 

produce attentional capture (e.g., Matthews & McLeod, 1985). By this view, the 

reorientation of attention changes over from processing other sources of input in support 

of further processing of emotionally-charged stimuli. As an alternative view to the idea 

that attention shifts focus from one source to another, exposure to emotionally-charged 

stimuli may influence attention through competition for attention (e.g., Öhman, Flykt, 

Esteves, 2001; Öhman, Lundqvist, & Esteves, 2001). By this view, emotionally-charged 

stimuli tend to be processed automatically and with limited attentional resources. Such 

processing would in turn occur at the expense of processing other sources of information 

which require greater attentional resources. Various examples of how exposure to 

emotionally-charged stimuli disrupts attention to neutral stimuli are provided in Chapter 

4. Regardless of the view that is adopted in interpreting such effects, two key factors 

appear to play an important role in shaping how emotionally-charged stimuli may affect 

attention, namely, the valence of a stimulus (whether it is positive, negative, or neutral), 

and the level of arousal with which it is associated. Although arousal and valence are 

thought to be orthogonal dimensions of a stimulus, the two are often related with one 

another (Anderson, 2005). Given their presumed importance for determining the 

attentional consequences of exposure to emotional stimuli, I will describe the difference 

between the arousal and valence dimensions of stimuli below. 
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Valence of emotional stimuli 

Visual stimuli may be experienced as pleasant, as a function of these having been 

associated with positive outcomes (e.g., a baby rabbit may be associated with a favored 

childhood story or delicious chocolate eggs). Other stimuli may instead be associated 

with unpleasant, aversive or threatening outcomes (e.g., the taste of cherries may have 

become associated with cough medicine and the experience of being sick). In this sense, 

many sources of information in the visual environment will come to acquire a positive or 

negative emotional valence or a “direction of behavioral activation associated with 

emotion, either toward (appetitive motivation, pleasant emotion) or away from (aversive 

motivation, unpleasant emotion) a stimulus” (Lane, Chua, & Dolan, 1999, p. 990). There 

is an ongoing debate regarding the extent to which an observer processes visual 

information as a function of its emotional valence. Yet there is some evidence that 

valenced emotional stimuli result in qualitatively different processing than emotionally 

neutral stimuli. For instance, the presentation of images with either negative and positive 

valence for a duration of 6 seconds and under conscious awareness of an observer have 

been associated with greater activation in the amygdala relative to when neutral images 

were presented (Garavan, Pendergrass, Ross, Stein, & Risinger, 2001, and see also 

Pessoa, Kastner, & Ungerleider, 2002). It has also been reported that both negatively- and 

positively-valenced stimuli may be processed within as little as 15 ms of exposure 

(Rotterveel, de Groot, Geutskens, & Phaf, 2001) and that such stimuli are more likely to 

receive encoding priority, relative to neutral stimuli, during the preattentive stages of 

processing (for example, see Hamann, Ely, Grafton, & Kilts, 1999). 
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It appears, however, that relative to non-threatening stimuli of either positive or 

neutral valence, pre-attentive processing appears to be triggered more reliably by 

threatening stimuli (Eastwood, Smilek, & Merikle, 2001) or stimuli characterized by 

negative valence (McKenna & Sharma, 1995; Tipples & Sharma, 2000). Imminently 

threatening stimuli have been reported as highly efficient in their capacity to draw 

attention (Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2004; Mogg & 

Bradley, 2002; Öhman, Flykt, Esteves, 2001; Öhman, Lundqvist, & Esteves, 2001). 

One possibility in accounting for the valence-based processing asymmetry (see 

Anderson, 2005, for a discussion) is that stimuli with negative valence may be a much 

less subjective category (i.e., stimuli serving as signals for illness, death, and danger) than 

are stimuli with positive valence. That is, there may be greater variability in what 

individuals recognize as positive and the extent to which they find different stimuli 

arousing than there is for negatively-valenced stimuli. As a result, it may be difficult to 

identify robust effects of stimuli with positive valence in drawing attention in general. 

Further to such a possibility, it would seem logical that the likelihood of attending to and 

potentially responding to a stimulus would be greater for negatively- than for positively-

valenced stimuli. A loss of a potential benefit to the organism may generally be less 

costly than failure to respond quickly to the emergence of a threat, an observation which, 

in general, is corroborated by research on anti-predatory responses in various animals 

(e.g., for reviews, see Lima & Dill, 1990; Stankowich & Blumstein, 2005). In turn, 

exposure to negatively-valenced stimuli may be associated with greater arousal than 

exposure to positively-valenced stimuli (Hamann, Ely, Grafton, & Kilts, 1999, and see 

Anderson, 2005, for a discussion). 
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Arousal in response to emotional stimuli 

One aspect of processing emotionally-charged information which differs from the 

processing of emotionally neutral information is the physiological response that it tends 

to provoke. A variety of biological measurements have been used to quantify differences 

in arousal in processing emotionally-charged and more neutral stimuli, revealing 

differences in how the organism appraises emotionally-charged stimuli relative to more 

neutral stimuli (see Moors, 2009, for a review of theories on the causation of the 

experience of emotion). For instance, greater skin conductance has been found in 

response to exposure to emotionally-charged than to more neutral stimuli (see Lane, 

Chua, & Dolan, 1999). The arousing or excitatory property of a stimulus might be 

considered to correspond to the “intensity of the emotional activation, ranging from 

excited to calm” that arises from exposure to it (Lane, Chua, & Dolan, 1999, p. 990). This 

arousal is a factor that ultimately determines whether emotional information is of 

sufficient relevance to automatically draw the attention of an observer, though it is 

presumably not separate from the influence of the appetitive or aversive motivation 

which can be associated with that stimulus (Lane et al., 1999). Presumably, however, 

arousing visual information may appear to motivate an appetitive approach, even if only 

in the form of prioritized processing, regardless of whether it is associated with negative 

or positive affective valence. 

Qualitative differences in the processing of stimuli that are emotionally-charged, 

either by virtue of valence or arousal characteristics, or both, are also apparent in terms of 

differences in the neural responses they evoke, relative to more neutral stimuli. For 

instance, Kensinger and Corkin (2004) required participants to encode neutral words, 
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non-arousing negative words (for instance, sad) and arousing negative words (for 

instance, murder) for 2 seconds each. During a subsequent memory test, participants 

were presented items from the encoding phase and foils, and were asked to judge each 

item as remembered, known, or new. Overall, a memory advantage was observed for 

arousing negative items and non-arousing items over neutral items. Further, Magnetic 

Resonance Imaging (MRI) measurements revealed differential patterns of neural activity 

during both encoding and memory phases of the study in response to arousing and non-

arousing negative items relative to neutral items. Encoding of both arousing and non-

arousing negative words was associated with greater activation in the left hemisphere, 

hippocampi, amygdala, and the inferior parietal lobe, than were more neutral items. 

Arousing negative words in particular were also associated with greater activation of the 

left inferior prefrontal cortex and left dorsolateral prefrontal cortex, areas involved in 

elaborative processing. During the memory test, correctly remembered arousing and non-

arousing negative words were both associated with neural activity which differed from 

that observed for more neutral words. Specifically, arousing negative words were 

associated with greater activity in the left amygdala and left hippocampus relative to 

other word types. Non-arousing negative words were instead found to be associated with 

greater activity in the left inferior prefrontal cortex and left hippocampus. These findings 

suggest that differentiated neural responses to emotionally-charged stimuli occur as a 

function of both the valence and arousal qualities of a stimulus. In particular, responses to 

remembered non-arousing negative items were supported by activity of the prefrontal-

hippocampal network associated with controlled and evaluative processes. Responses to 

arousing negative items instead appeared to rely on an amygdalar-hippocampal network, 
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associated with automatic cognitive processes (Kensinger & Corkin, 2004). A global 

implication of such findings is that the set of neural resources involved in processing 

emotionally-charged stimuli appears to differ from those involved in processing more 

neutral stimuli. A further implication from this study is that emotionally-charged stimuli 

that are arousing may be more likely to recruit the involvement of the amygdalar-

hippocampal network. In turn, relatively automatic processing of such stimuli may occur, 

increasing the likelihood that it could modulate the attention of an observer, in spite of 

competing sources of goal-relevant information. 

 Further to the influence that emotionally-charged stimuli may have on attention as 

a function of the valence and the arousing value it possesses, the consequences that 

emotionally-charged stimuli may have on attention may vary depending on the duration 

for which an observer is exposed to such stimuli. A stimulus which is characterized by 

positive or negative valence, but which is not arousing, generally appears to have the 

least impact during the earliest stages of processing. It is more likely to be distracting, 

however, during later stages of processing, owing to longer durations of exposure. Such a 

relatively delayed influence on attention would take the form of increased demands on 

attention. In contrast, emotionally-charged stimuli with arousing properties (and of either 

positive or negative valence) appear to have a greater impact on attention when these are 

presented early in the processing stream, prior to conscious awareness and evaluation, as 

these will tend to involve amygdalar activity (see Kensinger & Corkin, 2004). 

A related factor that is critical in determining how visual information is treated by 

the visual system and how it is responded to is whether an observer has conscious access 

to the emotional stimuli. In particular, unconsciously perceived emotional stimuli are 
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found to have a different impact than those that are consciously perceived (Compton, 

2003), with the impact of emotionally-charged stimuli being relatively greater when an 

observer is unconsciously exposed to it, relative to when they are consciously aware of 

such information (Rotterveel, de Groot, Geutskens, & Phaf, 2001; Rotterveel & Phaf 

1994; see also MacLeod & Hagan, 1992, and MacLeod & Rutherford, 1992). In addition, 

longer exposure durations to emotionally-charged primes in affective priming studies has 

been found to reduce or eliminate the effect on judgments made about a probe (see 

Murphy & Zajonc, 1993, for a review), as greater conscious awareness and evaluation of 

emotionally-charged stimuli may result in altered responses, owing to the top-down 

reasoning and control that longer exposure time affords an observer. The influence of 

conscious awareness and evaluation of emotionally-charged stimuli, however, may also 

vary widely depending on the context in which such information is presented and the role 

it plays in the experimental context in which it is presented, in addition to the valence and 

arousal value of such stimuli.   

In summary, not all emotionally-charged visual stimuli are equal in the response 

they afford from the visual and cognitive system. Individual differences in terms of 

sensitivity to different emotional stimuli and the non-emotional properties of a stimulus 

can influence the reaction of the visual and cognitive systems. Further, the emotional 

properties of a stimulus, its valence, and arousal value, are also important determinants of 

how an observer will respond to such information. Peoples’ visual attention appears to be 

highly sensitive to certain classes of stimuli compared to others, namely those which are 

negative and threatening, more so than positively-valenced stimuli, owing largely to the 

greater arousal which tends to be associated with these. The term emotionally-charged 
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stimuli, then, is currently used in reference to stimuli that are associated to elevated levels 

of arousal relative to other stimuli, and which have properties that appear to warrant 

greater attention from an observer, relative to neutral stimuli, given a particular context. 

For the purposes of the current study, however, the focus will be on the capacity of a 

class of stimuli to serve functionally as a source of distracting information which may be 

used to efficiently disrupt the performance of a task to which an observer is otherwise 

required to direct attention. I will now review evidence demonstrating that emotionally-

charged stimuli are subject to qualitatively different processing than neutral stimuli, 

validating their use as distracting information in the context of the current study. I will 

first discuss sources of physiological evidence, followed by a discussion of the 

behavioural demonstrations of the efficiency with which such stimuli are processed. 

 

CHAPTER III: EMOTIONALLY-CHARGED STIMULI AS EFFECTIVE 

DISTRACTORS 

Evidence of physiological differences in processing 

Studies which involve measures of psychophysiological responses such as 

changes in Event Related Potentials (ERPs), electrical changes measured on the scalp 

(EEG), changes in facial muscle tone with facial electromyography (EMGs), and changes 

in cerebral blood flow, as measured by functional magnetic resonance imaging 

techniques (fMRI), have generated convincing evidence that there are revealing 

differences in the physical reactions associated with exposure to emotionally-charged 

stimuli relative to exposure to neutral stimuli. 
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In one such study, for instance, measures of participants’ ERPs during trials in 

which an emotional stimulus was presented (e.g., a disagreeable face) were found to be 

differentiable from those for trials during which a neutral stimulus was presented (e.g., a 

neutral face) as early on as 80 ms after stimulus onset (Pizzagelli, Regard, & Lehmann, 

1999). Generally, emotionally-charged stimuli are reported as evoking ERPs as early as 

100 ms after stimulus onset and as late as 300 ms after stimulus onset (see Compton, 

2003, for a review). Since differences in neurophysiological response to emotional and 

neutral information occur at a relatively early stage in processing, some authors have 

proposed that affective information unconsciously attracts attention (e.g., Tamietto et al., 

2009). For instance, Schupp, Junghöfer, Weike, and Hamm (2003b, see also Schupp, 

Junghöfer, Weike, & Hamm, 2003a) proposed that “sensory encoding of affective stimuli 

is facilitated implicitly by natural selective attention” (p. 7).  Further, techniques such as 

positron emission tomography (PET) and functional magnetic resonance imaging (fMRI) 

have revealed differences in cerebral blood flow in response to the visual presentation of 

pleasant and unpleasant pictures compared to neutral pictures (see Schupp, Junghöfer, 

Weike, & Hamm, 2003b, for a review). Such findings support the notion that perception 

of emotionally-charged and neutral visual information can be distinguished.  

In yet another demonstration, Rotterveel, de Groot, Geutskens, and Phaf (2001) 

measured participants’ changes to muscle tonus via facial electromyography (EMG) in 

response to a recent exposure to images of a smiling face and images depicting an angry 

face. On each of a series of trials, the face stimuli were presented for either brief 

durations permitting unconscious perception (14 ms) or relatively longer durations 

permitting conscious awareness (1,000 ms) prior to onset of a Chinese ideograph. The 
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use of EMG measures allowed for the tracking of changes to muscle tonus corresponding 

to smiles (musculus zygomaticus major) and frowns (musculus corrugator supercilii), in 

response to the stimuli. Such measures are considered to be a reliable tool by which to 

measure valenced physiological states (see Rotterveel et al., 2001, for discussion). 

Through such measures, participants demonstrated significantly greater tonus of facial 

muscles corresponding to smiles and frowns following exposure to smiling and angry 

faces, respectively.  

In summary, responses to exposure to various forms of emotionally-charged 

stimuli, relative to more neutral stimuli stimuli, appear to be qualitatively different in 

terms of the neurological and physiological responses they evoke (e.g., event related 

potentials, cerebral blood flow, and facial electromyography). In concert, the findings 

suggest an early differentiation between the neurophysiological responses associated with 

emotionally-charged and relatively more neutral stimuli, whether or not the observer is 

consciously aware of that information. There is also evidence that differences in 

neurological reactions to emotional and non-emotional stimulation represents priority 

treatment of emotional stimuli by attentional mechanisms. In the next section, I will 

review some of the evidence in support of the idea that emotional inputs receive 

preferential cognitive processing.  

 

Evidence for attentional priority to emotionally-charged stimuli 

Is emotionally-charged information more likely to draw the focus of attention than 

relatively more neutral stimuli? In answering this question, I will first consider the 

underlying basis of affective-based shifts of attention, followed by a brief review of 
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studies that illustrate the potent capacity of emotionally-charged stimuli to recruit 

attentional resources. 

One might presume that allocation of attention to emotionally-charged visual 

stimuli can occur very rapidly and regardless of the attentional requirements of ongoing 

tasks. In particular, some studies have revealed that emotional content can attract 

processing resources away from one’s primary task, even when that task requires 

maintaining a large number of items in working memory (for example, see Pecchinenda 

& Heil, 2007; Wolford & Morrison, 1980). Such an immediate and disruptive effect on 

attention, however, may be relatively short-lived or may even be absent altogether. Given 

a sufficiently heavy working memory load, some researchers have demonstrated that 

participants can show very brief or no attentional capture when presented with their own 

names or highly emotional words (Harris, Pashler, & Coburn, 2004). In such cases, it 

seems as though the weak influence of emotional stimuli in drawing attention away from 

a primary task reflects observers’ habituation to the emotional stimuli. For instance, 

Harris and colleagues reported that attentional capture occurred only as a function of 

initial presentations of a participant’s own name or of the other emotional words used in 

their study. Attentional capture either occurred only mildly or not at all as a function of 

repeated exposure to such stimuli as during later stages of their experimental session. 

Whereas the initial presentation of such stimuli may be provocative (see Harris & 

Pashler, 2004, and Experiment 8 of Harris, Pashler, & Coburn, 2004), subsequent 

exposures will tend to reduce how compelling those stimuli are as competition for 

attentional resources. An implication of this set of findings is that the appearance of 

emotionally-charged stimuli may only disrupt allocation of attention to a primary task 
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when that information is relatively unexpected and novel within the context of an 

experimental session. 

Keeping under consideration the importance of processes of habituation, 

emotionally-charged stimuli nevertheless tend to represent a stronger source of 

competition for attentional resources than more neutral stimuli (Desimone & Duncan, 

1995). As a result, such items are more likely to produce a shift of attention away from an 

ongoing task. Such stimuli are thought to gain their competitive advantage through a 

process of Emotional Modulation (Pessoa, Kastner, & Ungerleider, 2002) or what has 

similarly been described as Affective Modulation (Anderson, 2005) of attention. A key 

cortical structure involved in this process consists of the amygdala. The rapid detection of 

emotionally-charged stimuli, and particularly stimuli that rank high on negative affective 

and arousing dimensions, tend to generate heightened activity in that limbic structure (see 

Anderson, 2005, for a discussion). This amygdala response to emotionally-charged 

stimuli occurs even when participants are not consciously aware of the presence of an 

emotional stimulus (Morris, Öhman, & Dolan, 1999). Some investigators have further 

suggested that heightened amygdala response to the presence of emotional stimuli 

promotes “stronger levels of activation in visual processing regions” (Pessoa et al., 2002, 

p. 40), which might help account for the effectiveness of emotional stimuli at capturing 

visual attention. 

Further evidence that neural responses to emotionally-charged stimuli may occur 

outside of the conscious awareness of such stimuli has been reported by Tamietto and 

colleagues (see Tamietto & de Gelder, 2010 for a review). For instance, in one study, 

Tamietto, Geminiani, Genero, & de Gelder (2007) presented emotionally-charged stimuli 
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(e.g., images depicting a body expressing either neutral, fearful, or happy body language) 

to either the left or right visual field, or both of participants with hemispatial neglect 

resulting from damage to the right parietal region of the brain. Participants in the study 

thus lacked conscious awareness for the contents of their left visual field, and 

demonstrated a marked bias for detecting stimuli presented to their right visual field over 

that presented to their left visual field (visual extinction) when presented with a stimulus 

in each visual field simultaneously. Despite a lack of conscious awareness of the left 

visual field, participants were most likely to report the presence of the stimuli when it 

consisted of an image of a body expressing fearful body language presented to their left 

visual field over the image of a body expressing a neutral body language simultaneously 

presented to their right visual field. Similar evidence comes from a study conducted with 

participants with unilateral damage of the occipital visual cortex who were thus 

consciously unaware (phenomenally blind) to one visual field (Tamietto et al., 2009). 

Images of facial and bodily expressions of fear or happiness were presented in blocks to 

either the right or left visual field of the participant for 2 seconds. Electromyographical 

measurements and categorization responses recorded in response to the presentation of 

the emotionally-charged images revealed signs of emotional contagion which matched 

the fearful or happy expressions, which were undifferentiated whether the images were 

presented to one side of the visual field or the other. In particular, greater magnitude of 

pupil dilatation and greater activity of facial muscles relevant to frowning (musculus 

corrugator supercilii) occurred in response to fearful expressions when such images were 

presented to the visual field contralateral to the hemisphere with damage of the occipital 

visual cortex, relative to when happy expressions were presented. In contrast, a lesser 
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magnitude of pupil dilatation and greater facial muscle activity in muscles associated 

with smiling were observed in response happy expressions (musculus zygomaticus 

major) relative to when fearful expressions were presented. 

In contrast, there is evidence to suggest that the amygdalar activity generated by 

emotionally-charged stimuli may also be influenced by prior top-down evaluative 

processes involving those stimuli. A positive or negative evaluation of stimuli by an 

observer might in turn lead to enhanced future perception of that stimulus (see Anderson 

& Phelps, 2001). To the extent that the evaluative process results in the association of 

arousal to a stimulus, enhanced perception of that stimulus may be more likely. In 

support of this view, Kensinger and Corkin (2004) provide evidence that processing and 

memory for arousing stimuli are supported by a rapid and direct amygdalar-hippocampal 

neural network. In contrast, processing and memory for non-arousing (albeit negative) 

stimuli appear to depend on a slower, evaluative-based prefrontal-hippocampal network 

(Kensinger & Corkin). In turn, the processing of arousing stimuli via a fast-tracked neural 

route would be most likely to result in an attentional shift to the arousing stimuli upon 

subsequent perception. As a result, shifts of attention to arousing stimuli may interfere 

with the allocation of attentional resources to the performance of a primary task involving 

neutral stimuli. 

Arousal, however, is presumably experienced along a gradient. Consider, for 

instance, the intensity of the physiological arousal one experiences in response to an 

alarm clock radio compared to that experienced during a fire evacuation. Further, arousal 

is not likely to be experienced invariably by different individuals in response to the same 

stimuli (e.g., a comparison of the accounts of any two individuals having undergone the 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 26 

same medical procedure may demonstrate this). By implication, the arousal that is 

associated with a given stimulus may not, for a given individual, render it sufficient for 

that stimulus to be processed via the fast-tracked amygdalar-hippocampal network. Thus, 

the likelihood that emotionally-charged stimuli receive attentional priority relative to 

other sources of information may also depend on whether stimuli satisfy a threshold of 

sorts (see Mathews & Mackintosh, 1998; Mogg & Bradley, 1998), possibly one of 

sufficient arousal (Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2004). 

In spite of the complexities contributing to whether emotionally-charged stimuli 

receive priority processing, numerous demonstrations attest to the capacity of these 

stimuli to effectively recruit attentional resources. First, there is a robust tendency in 

humans to attend to emotional information which is peripheral to an ongoing task (Harris, 

Pashler, & Coburn, 2004, Experiment 6; Pecchinenda & Heil, 2007; Vuilleumier, 

Armony, Driver & Dolan, 2001). Furthermore, various researchers have reported that 

emotional information, such as fear-related stimuli, are effective at capturing attention in 

the context of visual search tasks (Fox, Lester, Russo, Bowles, Pitchler, & Dutton, 2000, 

Öhman, Flykt, & Esteves, 2001; Öhman, Lundqvist, & Esteves, 2001; Tipples, Atkinson, 

& Young, 2002; Tipples, Young, Quinlan, Broks, & Ellis, 2002).  

Similarly, studies that employ an attentional blink paradigm (Raymond, Shapiro, 

& Arnell, 1992) have revealed a strong capacity of emotionally-charged stimuli to attract 

attention. In these studies, the general procedure involves a rapid serial visual 

presentation (RSVP) of distractor items (for example, words or images) among which 

two target items are embedded. The participants’ task is to identify each target. The 

targets are typically presented in close temporal proximity of one another, separated by 
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approximately 200 - 500 ms. In general, the more closely in time the two targets are 

presented, the more difficult it becomes to identify the second target in the sequence, 

resulting in reduced accuracy at responding to the second target than to the first (Chun & 

Potter, 1995; Raymond, Shapiro, & Arnell, 1992). Typically, participants’ impaired 

capacity to identify the second target in the sequence is presumed to reflect the 

engagement of attentional suppression triggered by the presentation of non-target stimuli 

following the first target or else, a reduction of attentional resources resulting from the 

need to direct those resources toward processing the first target (Chun & Potter, 1995). 

In one study involving a variant of the attentional blink task, Anderson and Phelps 

(2001) presented aversive words as the second target in an RSVP sequence. Under those 

conditions, rather than demonstrating impairment in responding to the second target, 

participants’ performance provided evidence of facilitation. In the case of participants 

with a bilaterally damaged amygdala, however, there was no such facilitation. Such 

findings provide further evidence for priority attentional processing of emotional stimuli 

and further emphasize the role of the amygdala in such processing. As previously 

discussed, greater amygdalar activity tends to be generated in response to emotionally-

charged stimuli than to neutral stimuli. Anderson and Phelps’ observation of an 

elimination of a facilitation effect in response to the second target for aversive words as a 

function of amygdalar damage confirms the critical role of amygdalar activity in guiding 

attention and supporting priority processing of emotionally-charged stimuli. 

An effect highly like that of attentional blink has also been produced as a function 

of the presentation of an emotionally-charged stimulus. In this procedure, an RSVP 

sequence of items that involves a single target item is presented. On a portion of trials, an 
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emotionally-charged item is presented as a to-be-ignored distractor which occurs prior to 

the target in the sequence. In general, greater errors in target identification are produced 

on such trials, relative to when only more neutral stimuli are presented as distractors. 

Effects of this type have been reported to occur with RSVPs of words in which the 

critical distractor item is an arousing sexual word (Arnell, Killman, & Fijavz, 2007), with 

RSVPs of images containing a negative image as the critical distractor (Most, Chun, 

Widders, & Zald, 2005), and RSVPs of images during which an aversively-conditioned 

image is presented as an emotionally-charged distractor (Smith, Most, Newsome, & Zald, 

2006). Such results further demonstrate that priority processing of emotionally-charged 

stimuli occurs at a cost of processing stimuli that is relatively more neutral. 

In summary, exposure to emotionally-charged stimuli may require an observer’s 

attention, for however brief a duration of time, presumably to the ends of allowing the 

observer to evaluate and respond to any such stimuli as appropriate. The mechanism by 

which attention might become focused on emotionally-charged stimuli would appear to 

occur in a relatively effortless manner, irrespective of the availability of attentional 

resources, potentially on the basis of the signal value or competitive strength of the 

stimuli against other visual information in the environment. Findings across visual search 

studies, attentional blink studies, and variations thereof involving the presentation of 

emotionally-charged distractor stimuli provide support that these stimuli easily gain 

priority attentional processing and are not subject to the same interference as are neutral 

stimuli. In the next section, I will discuss implications of the tendency for people to 

prioritize processing of emotional stimuli for processing of other stimuli and for the 

performance of central tasks. 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 29 

CHAPTER IV: EFFECTS OF PROCESSING EMOTIONALLY-CHARGED STIMULI 

Various studies report impairments in the performance of cognitive tasks in the 

presence of an irrelevant emotional stimulus (see Compton, 2003, for a review). Research 

on emotion and affect has largely been carried out in recent decades using experimental 

paradigms developed by cognitive psychologists, such as variants of the colour-word 

Stroop task, visual search tasks, and memory recall and recognition tasks, to name a few 

(see Eder, Hommel, & De Houwer, 2007, for specific examples). Despite the diversity 

among these paradigms, common findings emerge across the studies which have used 

them. One such finding is that the presentation of emotionally-charged stimuli may 

influence the way in which a person processes neutral stimuli. Another common finding 

is that emotionally-charged stimuli appear to impair or interfere with the performance of 

a central task. I will now discuss in more detail some of the laboratory evidence that 

illustrate each of these types of effects. 

 

Biases in the interpretation of neutral stimuli 

Affective priming studies provide strong demonstrations of how emotionally-

charged stimuli may influence the processing of neutral information. In particular, they 

demonstrate that neutral stimuli may be interpreted as a function of the positive or 

negative valence of a recently presented emotionally-charged stimulus. Affective Priming 

is a procedure that generally involves presenting participants with a series of trials, 

consisting of a very briefly presented prime stimulus followed by presentation of a 

neutral target stimulus that participants must make some judgment about. For instance, 

participants might be required to make a lexical decision (“Was the item a word or not a 
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word?”) or a pleasantness rating (“Was the word positive or negative?”) about the target. 

Across trials, the initial, briefly presented item consisting of either an emotionally-

valenced (positive or negative) or neutral stimulus. This procedure provides a measure of 

the influence of valence of the initial prime stimulus on participants’ response to the 

target stimulus. Often, there is a difference between the speed and/or accuracy of 

responses to targets preceded by an emotionally-valenced prime and targets preceded by 

a neutral prime. 

For example, in a study by Murphy & Zajonc (1993, Experiment 1) participants 

completed a series of trials in which they were presented with a prime for a duration of 4 

ms. This prime consisted of either a face exhibiting an emotional expression (anger or 

happiness) or an emotion-neutral polygon (a multi-faceted shape). Next, participants 

viewed an affectively neutral Chinese ideograph as a target. Their task was to rate their 

preference for each ideograph on a five-point scale (1 = not liked, 5 = very liked). 

Although participants were not consciously aware of the primes, their ratings of the 

Chinese ideographs depended on whether the preceding prime had been an emotional 

face or a polygon. Specifically, ratings of liking for ideographs were significantly higher 

on trials involving a happy face prime, and significantly lower on trials involving an 

angry face prime, relative to trials containing polygon primes. In a second experiment, 

when the primes were presented for a longer duration of 1,000 ms, and were thus 

consciously perceived by participants, ratings of the target ideographs no longer 

depended on the nature of the primes. These findings suggest that the unconscious 

exposure to an emotionally-charged stimulus is sufficient to influence the way an 

observer perceives an unrelated, neutral stimulus. 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 31 

In a study based on that of Murphy and Zajonc (1993), Rotterveel, de Groot, 

Geutskens, and Phaf (2001) required participants to rate the valence of a Chinese 

ideograph on each of a series of trials, following the presentation of an image of either an 

angry or a smiling face. In their Experiment 1, these emotionally-charged stimuli were 

presented for either 10 ms or 1,000 ms. Rotterveel et al.’s (2001) results replicated those 

of Murphy and Zajonc in that participants rated Chinese ideographs that followed an 

angry face as more negative than those that followed a smiling face. The magnitude of 

this effect was greater in the 10 ms prime presentation condition than in the 1,000 ms 

prime presentation condition, suggesting that affective priming effects are stronger when 

participants are not consciously aware of a prime’s identity. 

In their Experiment 2, Rotterveel et al., (2001) again had participants rate the 

valence of Chinese ideographs following the presentation of angry or smiling faces, but 

also measured the facial expressions of participants in response to these ideographs using 

facial electromyography to index the extent that participants expressed frowns and smiles 

in response to each trial. As in their Experiment 1, primes were presented for either 15 ms 

or 1,000 ms. The outcome was that liking ratings of ideographs were lower on trials 

consisting of angry face primes than on trials consisting of smiling face primes, though 

this effect did not depend on the duration for which the primes were presented (15 ms vs. 

1,000 ms). However, in their measure of facial EMG, the difference in EMG patter was 

greater for the 15 ms prime condition than for the 1,000 ms prime condition. Together, 

Rotterveel et al.’s findings provide another demonstration that an observer need not be 

conscious of the presentation of emotionally-charged stimuli for that information to be 
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processed, nor for it to influence subsequent judgments about an unrelated stimulus (see 

also Rotterveel & Phaf, 1994). 

 

Impairments in the performance of a primary task 

 Among the many paradigms used to study emotion and attention, some also 

provide clear demonstrations that the presentation of emotionally-charged stimuli can 

interfere with other ongoing processes, such as the performance of a primary task. One 

such procedure is the attentional blink paradigm, which I discussed in the preceding 

chapter. Not only has this procedure been used to demonstrate that emotionally-charged 

stimuli capture attention, it has been instrumental in illustrating how exposure to 

emotionally-charged stimuli influence the performance of a primary task. 

 For instance, in a variation of the attentional blink task, Most, Chun, Widders, and 

Zald (2005, Experiment 1) presented an emotionally-charged distractor item instead of a 

first target. More specifically, their procedure consisted of presenting participants a 

RSVP of images at a rate of 100 ms per item. The images consisted of landscapes or 

architectural scenes in which a single target was embedded. The target was a landscape or 

architectural scene that was either rotated to the right or the left, and participants’ task 

was to indicate which direction the image was rotated. In each sequence, the distractor 

that was presented either two or eight positions prior to the target (lag 2 versus lag 8) 

consisted of either a scrambled image of an affectively negative scene, an unscrambled 

image depicting an affectively negative scene, or an unscrambled image depicting a 

neutral scene. The result was that participants’ accuracy in judging the rotation of the 

target was impaired on trials for which an unscrambled negative image preceded 
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presentation of the target by two positions in the sequence. Presentation of a negative 

target at lag 8 prior to appearance of the target did not result in impaired rotation 

judgments. Most, et al. (2005) referred to this finding as an “emotional blink effect”, 

since the emotionally-charged stimulus was presented as a task-irrelevant distractor, and 

not as a target in the sequence.  

In a similar study by Arnell, Killman, & Fijavz (2007), participants searched for a 

single neutral target word printed in black font (e.g., BROWN) presented among an 

RSVP of distractor words. The task was to name the colour designated by the target 

word. On trials in which an emotionally-charged word (e.g., a sexual taboo word) 

appeared as a distractor that preceded the target (called the critical distractor), 

participants were less accurate at correctly naming the colour word than when the critical 

distractor was either a positive, negative, threatening or neutral word. Based on arousal 

ratings taken for the different items that could be presented as critical distractors, the 

college-aged group of participants only found sexual words to be more arousing than 

neutral words. Therefore, it seems only those words were sufficiently potent competitors 

for attention to disrupt participants’ ability to attend to and generate a response based on 

the target word. Others have reported similar impairments when the critical distractor 

presented prior to a target in the RSVP sequence consisted of images invoking disgust 

(Most, Chun, Widders, & Zald, 2005), erotic images (Most, Smith, Cooter, Levy, & Zald, 

2007), aversively-conditioned stimuli (Smith, Most, Newsome, & Zald, 2006), and when 

the first of two targets presented in an RSVP consists of a taboo or sexual word, rather 

than a positive, negative, or neutral word (Mathewson, Arnell, & Mansfield, 2008). 

Combined, these studies establish that emotionally-charged stimuli are sufficiently 
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distracting to impair performance of a focalized task and on a more global scale, that the 

arousal value which characterizes a stimulus, more so than the valence associated with it, 

is a key determinant of whether exposure to it will affect performance on a primary task.  

 Research involving variants of the classic Stroop colour naming task (1935; see 

MacLeod, 1991, for a review) provides further evidence of the disruptive influence that 

exposure to emotionally-charged stimuli can have on performance of a primary task. In 

typical investigations involving the Stroop task, participants are quicker to name the 

colour of coloured rectangles or other neutral stimuli than the colour of a colour word for 

which the colour is in conflict with the word’s identity. Also, people tend to be much 

faster to name the font colour of a word when the font colour and the word’s meaning are 

congruent (for instance, the word BLUE in blue font) than when they are incongruent (for 

instance, the word BLUE in yellow font). It seems that the relatively automatic processes 

involved in word reading interfere with the primary task of naming the colour of the font 

in which the item was printed. 

In an emotional variant of this task, called the Clinical Stroop Task (Matthews & 

McLeod, 1985), patients with specific phobias named the colour of words that were 

relevant to the object of their phobia more slowly than did non-phobic controls. 

Similarly, Richards & Blanchette (2004) found that high-anxiety individuals were slower 

than low-anxiety individuals at naming the colour of non-words conditioned to negative 

images during an initial phase of the experiment. Effects of this type have been observed 

in various clinical and subclinical populations for a variety of disorders and phobias, 

providing numerous demonstrations of how clinical populations can possess attentional 
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biases for affect-relevant materials which can influence their success in processing 

concurrent neutral stimuli (see Williams, Mathews & MacLeod, 1996, for a review). 

Other variants of the Stroop task illustrate the existence of the same attentional 

bias in the general population. For instance, in studies of the Taboo Stroop task, 

participants must name the colour of either neutral or taboo words. In general, the 

outcome is that participants are slower at naming the colour of taboo words than neutral 

words (Siegrist, 1995). For instance, during Experiment 1 of a study reported by 

MacKay, Shafto, Taylor, Marian, Abrams, & Dyer (2004), participants named the colours 

of either taboo words (e.g., WHORE) or neutral words (e.g., PASTA). Taboo words were 

rated more negatively than were neutral words, and were also found to elicit enhanced 

skin conductance, an index of arousal. Further, colour naming responses for taboo words 

were, on average, 63 ms slower than for neutral words. 

 In general, in the context of Emotional Stroop tasks, participants are typically 

slower at naming the colour of a word when the word is emotionally-charged than when 

it is neutral (Experiments 1 to 3 of McKenna & Sharma, 1995). However, such effects 

appear to be more consistent and robust when the emotionally-charged word is of 

negative valence than when it is of positive valence (Experiment 4, McKenna & Sharma, 

see also Sharma & McKenna, 2001). 

 The broader implication of such findings is that an attentional bias effect appears 

to occur on the basis of emotional stimuli being either, a) of elevated personal relevance, 

as in the case of stimuli related to a phobia in a clinical population (e.g., Williams, 

Mathews, & MacLeod, 1996), or, b) generally arousing (e.g., Arnell, Killman, & Fijavz, 

2007), and, c) negative in valence (e.g., McKenna & Sharma, 1995). That emotionally-
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charged stimuli characterized by such qualities may be more effectively distracting than 

regular words suggests that emotional information will frequently be processed in a way 

that may be disruptive to performance of a current task. 

Further evidence suggesting that processing of emotionally-charged stimuli is 

prioritized over other visual information comes from research by Pecchinenda and Heil 

(2007). In their study, participants were presented with a set of to-be-remembered 

numbers on each of a series of trials. The numbers were either presented in numerical 

order (e.g., 0 1 2 3 4) or in a random order (e.g., 0 3 2 4 1). Whereas numbers presented 

in numerical order were remembered with relative ease, participants had greater difficulty 

remembering numbers presented in random order. As a result, which series participants 

were required to remember constituted a manipulation of working memory load. 

Following the rapid presentation (1500 ms) of the set of numbers, participants 

were then briefly (500 ms) presented with either a positive or negative target word. 

Participants were required to make a valence judgment in response to that word, 

identifying it as either affectively positive or negative. Presentation of each target word 

was superimposed over a distractor image of a face displaying either a neutral, happy, or 

angry facial expression. Subsequent to having made their valence judgment, a target digit 

appeared from the set of numbers that preceded presentation of the target word. In 

response, participants identified the number that had previously followed that number in 

the sequence. Pecchinenda and Heil (2007) observed that the working memory load 

manipulation did not influence participants’ judgments about the target word. However, 

participants were slower to identify which digit followed the target digit in the higher 

working memory load condition. More interesting, though, was their observation that the 
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type of face presented as a distractor for the target word contributed to the speed of 

participants’ valence judgments. Whereas the presentation of a distractor face which was 

congruent with the word presented led to facilitated responding to the target word (e.g., a 

happy face presented with a positive target word), RTs to targets words were significantly 

slower on trials in which the distractor face was incongruent with the target word (e.g., a 

positive word paired with an angry face). Thus, the emotional distractors were processed 

regardless of working memory load and affected the speed of participants’ responses to 

the target words. Findings such as these suggest that the task-irrelevant emotionally-

charged stimuli were processed unintentionally, and that processing such stimuli can 

become integrated with processing of task-relevant stimuli in a way that either facilitates 

or hinders performance of a current task. 

Finally, a great deal of research has been conducted on the influence of distraction 

to performance of simulated driving tasks. Research on the contribution of emotionally-

charged information to performance of such simulated tasks, in particular, illustrates how 

readily priority attentional processing of such stimuli may impair performance in 

everyday tasks. For instance, when participants encounter emotional words, as compared 

to neutral words, on a billboard at the side of the road during a driving simulation, they 

are more likely to alter their driving speeds and fail to respond appropriately to signage 

(Chan & Singhal, 2013). This research suggests that both positive and negative words can 

impair driving performance to some degree. Negatively-valenced and neutral words 

resulted in overall slower driving speeds relative to positively-valenced words, with the 

influence of the positively-valenced words on speed lasting a relatively longer amount of 

time following their appearance in the driver’s field of view. 
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In summary, there are consequences associated with processing that occur in 

response to the presentation of emotionally-charged stimuli. Even when irrelevant to 

present goals, such information represents a compelling magnet for attentional resources 

that can effectively disrupt, or become integrated with, performance of a primary task. 

The current study is aimed at investigating the contribution of exposure to emotionally-

charged stimuli to visual search performance. Thus, in the chapter that follows, I review 

previous investigations more specifically addressing the role of affective processing in 

the context of visual search and spatial attention. 

 

CHAPTER V: THE INFLUENCE OF EMOTIONALLY-CHARGED STIMULI 

ON SPATIAL ATTENTION 

Preferential allocation of attention to emotional stimuli 

It is important to consider how emotional stimuli influence performance on tasks 

which specifically rely on visual attention. Whether attention is drawn to a spatial 

location appears to partly depend on whether the stimulus presented at that location is 

emotionally-charged (see Compton, 2003, for a review). Both exogenous cueing tasks 

and visual search tasks provide techniques for studying the influence that emotional 

stimuli can have on the requirement to direct spatial attention to more neutral 

information. Studies which have made use of such techniques are a strong source of 

evidence in support of the idea that there is a preference to allocate spatial attention to the 

processing of locations that contain emotional stimuli. 

Evidence in exogenous cueing tasks. During an exogenous cueing task, 

participants are typically presented with a visual cue that appears in a location that is 
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outside of the central point of focus on a given display, in one of two or more (in some 

cases) possible locations in a display. Commonly, a visual cue appears either to the left or 

to the right of the center of the display. The cue may take any of a variety of forms and 

may, in some variants of the procedure, be presented so rapidly that participants’ 

conscious awareness of the cue is prevented. Shortly after the offset of the cue, a target 

stimulus is presented either in the same (valid trials) or in a different location (invalid 

trials) as where the cue occurred. Participants are required to either indicate the location 

at which the target occurred, to identify it, or to simply make a detection response.  

Variants of the procedure have proven useful for testing the immediate influence 

of processing emotionally-charged stimuli on spatial attention. Typically, either a neutral 

or an emotionally-charged cue is presented. Key comparisons are then made between 

response speed and accuracy for each cue type condition, and between trials involving 

valid, invalid, and non-informative cueing. Typically, responses are faster and more 

accurate on valid trials than on invalid trials. Of key relevance to the present discussion, 

however, is the result of the comparison in responding to the target that can be made for 

valid trials only, between targets cued with an emotional stimulus and those cued with a 

neutral stimulus. Such comparisons are critical to determining whether emotionally-

charged stimuli exercise a stronger influence on spatial attention than do neutral stimuli. 

Also, comparing trials in which the target was validly-cued to those in which it was 

invalidly-cued is informative about whether attention is more difficult to disengage from 

a location at which an emotionally-charged versus neutral cue was presented. 

For instance, Stormark, Nordby, and Hugdahl (1995) presented an emotional or 

neutral word in one of two possible locations of a display on each of a series of trials. 
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After a short delay, a probe consisting of a dot was presented, either in the same or 

different location as the cue word. On most trials, the location of the word predicted the 

location of the probe. Participants were required to indicate by key press the location of 

the dot probe. When the cue consisted of an emotional word, a location priming effect 

occurred, with participants responding to the dot probe more rapidly when the probe 

location was predicted by a cue. More critically, the magnitude of this effect was even 

greater when the location of the probe was cued by an emotional stimulus than when the 

cue was emotionally neutral. It seems that an emotional cue was more effective at 

drawing attention to the cued location, thereby serving as a particularly effective source 

of facilitation on valid cueing trials. 

In a variant of this cueing procedure, other researchers have attempted to use 

emotional associations to enhance the strength of neutral cues. In these studies, an initial 

phase involves associating a neutral stimulus with some aversive response (see Anderson 

2005; Anderson & Phelps, 2001). Later, presentation of that aversively-conditioned 

stimulus as a cue generates higher cue validity effects than those obtained with non-

conditioned neutral stimuli. 

To illustrate how a neutral cue can be made more effective through conditioning, 

Koster, Crombez, Van Damme, Verschuere, and De Houwer (2004) had participants 

learn to associate the presentation of visual cues (either a pink-filled rectangle or a green-

filled rectangle) with either a neutral stimulus (a neutral tone of 1000 Hz and intensity of 

71 dB and lasting 200 ms presented in earphones) or an aversive stimulus (a burst of 

aversive white noise presented in headphones at an intensity of 100 dB for 200 ms), 

corresponding to a reportedly non-harmful and non-painful sound stimulus (see Hobbs, 
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1990, cited in Koster et al, 2004). During each of a series of trials during a subsequent 

phase, participants were presented a display containing two rectangles with a fixation 

cross located between them. Prior to the presentation of the target on each trial, one of the 

visual cues that had been used during the conditioning procedure appeared in one of the 

rectangles of the display. The cues were valid predictors of the location at which the 

target would appear either 75 % of the time or 25 % of the time. In response to each trial, 

participants were required to indicate the location of the target. Overall, responses were 

faster on valid cueing trials, but the size of the cue validity effect was greatest for cues 

that were previously associated with an aversive auditory stimulus. Moreover, 

performance was particularly impaired on invalidly-cued trials when the cue had 

previously been associated with an aversive sound. Consequently, the emotional quality 

of the cue determined how effective cues were at attracting attention to a location. This 

advantage made conditioned aversive cues particularly effective at facilitating 

performance on valid trials, but also made it more difficult for participants to disengage 

from cued locations on invalid trials. 

Beaver, Mogg, and Bradley (2005) provide further evidence in support of the idea 

that emotionally-charged stimuli are effective at capturing spatial attention. In 

Experiment 1 of their study, participants completed an initial conditioning phase, during 

which an image of a snake became associated with the presentation of an aversive white 

noise. An association was also created between an image of a spider and a neutral tone. 

The association of these images to an aversive or neutral tone was counterbalanced across 

participants. Later, participants completed a cueing task in which two cue images 

appeared simultaneously for 200 ms in duration. On control trials, the images consisted 
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of two non-emotional images of mushrooms or flowers. On critical trials, one of the 

images was a non-emotional image, and the other could be either the conditioned 

aversive image (CS+) or the conditioned neutral stimulus (CS-) from the previous phase. 

Upon removal of the images, a target, consisting of an arrow pointing up or down, was 

presented in the center of where one of the images had been. Participants were required to 

indicate the direction indicated by the arrow. The key result was that participants 

responded faster to targets which were presented in the same location as the CS+ image 

than when targets were presented in the same location as the CS- image or one of the 

unconditioned neutral images. Thus, participants preferentially allocated attention to a 

visual cue that had been recently associated with a “biologically fear-relevant stimulus” 

(Beaver et al., 2005, p. 67), but only when that stimulus had recently been associated with 

an aversive experience. This observation suggests that for an emotionally-charged 

stimulus to effectively attract spatial attention, it must be sufficiently arousing. 

In their Experiment 2, (Beaver et al., 2005) had participants rate the aversiveness 

of the spider and snake images presented to them during the conditioning phase. In the 

latter cueing phase, they also masked presentation of the cue images to reduce 

participants’ conscious awareness of the critical cues. As a result, participants who had 

rated the CS+ image as highly aversive responded most rapidly when the target appeared 

at a location previously occupied by the CS+ image than when it was cued by the CS 

image. This enhanced cueing effect for the CS+ image was not present for participants 

who did not rate the CS+ as highly aversive. The authors interpreted these findings as 

evidence that the allocation of attention to fear-relevant stimuli occurs as a function of a 

recent association between that stimulus and an aversive event rather than arising from a 
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natural tendency to respond to survival-relevant stimuli. Such results support the idea that 

attention is more likely to become drawn to emotional stimuli that possess a history of 

association with and a capacity to generate arousal. 

Persistent attention to emotional stimuli. In addition to the aforementioned 

difficulty which may occur with disengaging attention from emotionally-charged stimuli 

another presumed influence of emotionally-charged stimuli on spatial attention is the 

capacity of those stimuli to have a sustained influence on attention while they are 

presented. For example, Tipples and Sharma (2000) briefly presented participants with 

either a neutral or emotionally-charged stimulus just prior to the performance of an 

exogenous cueing task. The stimulus then remained on the display throughout the 

duration of the trial. The authors observed significant cue validity effects that occurred 

regardless of whether the stimulus was emotionally neutral, positive or negative. 

However, overall performance was slower on trials in which an emotionally-charged 

image was presented than when a neutral image was presented. Thus, in the context of 

this spatial cueing experiment, the capacity of an emotional stimulus to attract attention 

appears to have been maintained even when that stimulus remained a distractor 

throughout the duration of the trial. 

Attention directed away from emotional stimuli. Considerable evidence has 

accumulated for the preferential allocation of attention to spatial locations occupied by an 

emotionally-charged stimulus and that that influence persists during the presentation of 

those stimuli. Reports of the opposite effect have, however, also been made. In particular, 

Stormark and colleagues have reported that attention can instead be repelled from the 

location containing an emotionally-charged stimulus or an aversively-conditioned neutral 
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stimulus (e.g., Stormark & Hugdahl, 1996; 1997; Stormark, Hugdahl, & Posner, 1999). 

Such instances often involved clinical populations for whom the avoidance may reflect 

efforts to reduce anxiety. 

One source of influence on whether attention is attracted or repelled from 

emotionally-charged stimuli that has been considered is the temporal onset of the 

emotional stimuli relative to other stimuli present in the visual environment. In particular, 

Stoyanova, Pratt, and Anderson (2007) report that responding to a pre-cued target during 

a cueing task is likely to be rapid if the target appears within 300 ms of the cue onset, but 

slower if the target appears between 300 and 3000 ms of the cue. 

Shifts of attention away from emotionally-charged stimuli, however, have more 

predominantly been discussed in relation to clinical populations for whom the avoidance 

may reflect efforts to reduce anxiety (Stormark & Hugdahl, 1996; 1997; Stormark, 

Hugdahl, & Posner, 1999). Recognizing the importance of arousal in the emotional 

modulation of spatial attention, some researchers have investigated the extent that general 

anxiety levels of individual participants contribute to the direction and size of cueing 

effects involving emotional stimuli, revealing that high anxiety individuals have 

difficulty disengaging attention from emotionally-charged stimuli (Fox, Russo, Bowles, 

& Dutton, 2001; Fox, Riccardo, Russo, & Dutton, 2002; Yiend & Mathews, 2001). 

Others have reported that further to showing slower disengagement from the threatening 

stimuli, high anxiety individuals also tend to show enhanced attentional capture to 

threatening stimuli (Koster, Crombez, Verschuere, Van Damme, & Wiersema, 2006). 

Evidence in visual search. Another technique which lends itself to investigating 

the influence of emotionally-charged stimuli on attention is visual search, whereby 
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participants are presented with mixed trials containing a visual array of items. The 

participants’ task is to detect and report the presence or absence of a target. For instance, 

search times can be compared for the localization of neutral targets embedded among an 

array of emotionally-charged distractors or of emotionally-charged targets among an 

array of neutral distractors. Identification of the presence of an emotionally-charged 

target stimulus presented in an array of neutral distractors is typically more rapid than for 

the reverse case. Further, search times are usually found to be less sensitive to increases 

in the total set size of the array being searched when the discrepant item is emotionally-

charged than when it is neutral (Öhman, Flykt, & Esteves, 2001). The advantage that 

visual search for emotionally-charged stimuli affords over visual search for neutral 

stimuli provides yet another source of support in evidence of prioritized processing of 

emotionally-charged stimuli, in the form of speedy attentional allocation. 

Early visual search studies which suggest this advantage for the localization of 

emotionally-charged stimuli have since inspired a series of studies aimed at determining 

whether threatening stimuli, in particular, might be detected more efficiently than other 

types of emotionally-charged stimuli. For instance, Hansen and Hansen (1988) reported 

faster localization of angry target faces amongst an array of happy and neutral distractors 

than when angry faces were the distractors and the target face displayed a neutral or 

happy expression. 

 A number of studies have revisited the question of whether threatening stimuli 

can modulate attention to spatial locations by presenting schematic faces as items in the 

arrays. These stimuli are ideal in that they provide greater experimental control over the 

differences and similarities between a target and non-targets within an array in the visual 
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search task, allowing a more stringent test of whether or not threatening targets are 

detected relatively easily from within an array of non-threatening distractors. In one such 

study, Fox, Lester, Russo, Bowles, Pichler, and Dutton (2000) had participants search 

arrays of schematic faces for the presence of a face exhibiting a different expression than 

that exhibited by all other faces in the array. Thus, in this form of the visual search task, 

either all faces in the array were homogenous, requiring a “same” response from 

participants, or a face was present in the array that differed from all the others in terms of 

its expression, requiring a “different” response from participants. Not surprisingly, 

searches were performed more rapidly and accurately on the trials containing a discrepant 

face exhibiting anger than on trials in which the discrepant face was pleasant against an 

array of neutral faces (Fox et al., 2000, Experiment 1), or in which no discrepant face was 

presented. Further, when the number of non-target faces contained in the array was varied 

between 4 and 8, search times increased overall, but search times for trials containing a 

discrepant angry face were less affected than search times for trials containing a happy 

face (Fox et al., 2000, Experiment 5). Although this suggests that threatening faces do not 

actually pop-out per se, it does nevertheless suggest that search for such a stimulus is 

facilitated relative to search for non-threatening stimuli. In a similar demonstration, 

schematic faces were presented in a visual search task (Öhman, Lundqvist, and Esteves, 

2001, Experiments 1 and 2). In addition to the general findings that replicated those of 

Fox et al. (2000), however, Öhman, et al. (2001) also reported that threatening faces were 

detected more rapidly than sad or scheming faces, suggesting that threatening stimuli 

possess a special advantage with respect to attracting spatial attention. 
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Attempts to generalize such findings to forms of stimuli other than faces have led 

to similar results. For instance, in a study by Öhman, Flykt, and Esteves (2001),  

participants were required to perform visual search for either a fear-relevant target (i.e., 

an image of a snake or spider) among an array of fear-irrelevant distractors (i.e., images 

of flowers or mushrooms) or vice versa. As has been found with threatening schematic 

face stimuli, the visual search for fear-relevant targets occurred more rapidly than it did 

for fear-irrelevant targets. According to the authors, these results demonstrate the 

efficiency with which fear-relevant stimuli capture attention, but also that, when 

presented as distractors, fear-relevant stimuli impair search for a fear-irrelevant (neutral) 

target by diffusing attention over a number of fear-relevant distractors in the array. Thus, 

in general, studies which have compared search efficiency for threatening stimuli using 

both faces and other images of fear-relevant stimuli have revealed the existence of an 

attentional bias towards a class of emotionally-charged stimuli. 

Finally, in a study that combined visual search and priming procedures, Lamy and 

colleagues (Lamy, Amunts, & Bar-Haim, 2008) found similar effects to those described 

above. Participants were presented with a series of trials during which they were required 

to detect the presence of a discrepant target image embedded among an array of three 

other images. Performance occurred more rapidly when the target image was that of a 

face exhibiting an angry (Lamy et al., 2008, Experiment 1A) or happy (Lamy et al., 2008, 

Experiment 2A) facial expression that was embedded among images of the same face 

exhibiting neutral expressions than when the angry or happy faces were distractors and 

the neutral face was the target. Further, performance at detecting a discrepant target 

image on any given trial occurred more rapidly following a trial in which a target 
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exhibiting the same type of facial expression had been detected (regardless of whether it 

was an angry or happy facial expression), revealing an inter-trial repetition effect termed 

Emotional Priming of Pop-Out. These findings provide yet another demonstration that 

emotional stimuli are more effective than neutral stimuli at attracting attention. They also 

suggest that having just attended to an emotional stimulus may prepare the observer for 

the more rapid detection of that class of stimuli again in the immediate future. 

The appearance and disappearance of facilitation and impairment effects like 

those described, however, seems to depend greatly on the differences between the classes 

of stimuli used and on the experimental procedures used (Lipp, Derakshan, Waters, & 

Logies, 2004). In some cases, the apparent effect of rapid detection may be due to 

distinctiveness of a target on any given trial when evaluated against the features of 

surrounding distractors. That is, to the extent that a discrepant target differs sufficiently 

from an array of distractors, search may be easier to perform (Tipples, Young, Quinlan, 

Broks, & Ellis, 2002). In other cases, the influence of some emotionally-charged stimuli 

may be short lived (Harris & Pashler, 2004) and may be subject to artifacts of 

experimental procedure, such as habituation from repeated exposure (see Harris, Pashler, 

& Coburn, 2004). 

 The findings I have discussed from the literature on visual search and spatial 

cueing are indicative of the unique contribution of emotional stimuli to processes of 

spatial attention. Visual search studies, however, would appear to be informative of the 

influence of such stimuli on attention in relatively more complex visual environments, 

whereas cueing studies would appear to be a richer source of information on whether 

emotionally-charged stimuli in fact capture spatial attention (see Lipp, Derakshan, 
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Waters, & Logies, 2004). Overall, findings from both exogenous cueing and visual search 

tasks support the idea that emotionally-charged stimuli, and particularly those stimuli that 

are effective at generating arousal in a viewer, are frequently more effective at capturing 

attention than neutral, non-arousing stimuli (but see Compton, 2003, for exceptions in 

which aversive stimuli seem to repel spatial attention, and Mackintosh & Mathews, 2003, 

for avoidance of positive and negative valenced stimuli). Illustrating further convergence 

with another domain of cognitive processing, the next section will review influences of 

exposure to emotionally-charged stimuli on memory performance. 

 

Memory for emotionally-charged stimuli 

 Much research on emotion and cognition has focused on the relatively immediate 

consequences of the presentation of emotionally-charged stimuli on spatial attention in 

the contexts of visual search and spatial cueing procedures. Evidence, however, suggests 

that the influence of such stimuli extends beyond the duration for which it is presented. 

On the basis of research done in the domain of memory for emotionally-charged stimuli, 

there is reason to believe that memory for such an effective source of distraction has a 

role in supporting disruptions to spatial attention even in the absence of such stimuli. 

 Some investigators have proposed that memory for emotional stimuli is impaired, 

possibly as a function of the attentional shifts which can sometimes occur in avoidance of 

these types of stimuli, in turn limiting the extent to which they are processed 

(Christianson & Nilsson, 1994, cited in Harris, Pashler, & Coburn, 2004). The weight of 

evidence, though, suggests that emotional visual information tends to be more robustly 

encoded into memory than neutral information (Dolcos & Cabeza, 2002), and that, in 
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general, memory for emotionally-charged stimuli is superior than for neutral stimuli. For 

instance, Bradley, Greenwalk, Petry, and Lang (1992) had participants rate a series of 

images for pleasantness and arousal prior to testing participants’ incidental memory for 

the images using a free recall test, both immediately and one year later. The results on the 

immediate test and the delayed test revealed that images which had been rated as highly 

arousing were better recalled than images rated as moderately arousing or non-arousing. 

Further, participants demonstrated better recall for images which had been rated as either 

very pleasant or very unpleasant than images that had been rated as moderately pleasant. 

The results were attributed to the different arousal levels associated with the stimuli 

presented, with more pleasantly rated stimuli thought to be associated with the greatest 

arousal, in turn resulting in enhanced encoding and retrieval (Bradley et al., 1992, see 

also Maltzmann, Kantor, & Langdon, 1966). Recent studies by MacKay, Shafto, Taylor, 

Marian, Abrams, and Dyer (2004) and by MacKay and Ahmetzanov (2005) also showed 

a similar effect for taboo words presented in the context of a Taboo Stroop task. 

Finally, Hamann, Ely, Grafton, and Kilts (1999) have shown that the presentation 

of images which differed in terms of participants’ ratings of arousal, measures of skin 

conductance, and heart rates led to different responses from the amygdala and to 

differences in memory performance. Images which were highly arousing to participants 

were considered to be emotionally-charged stimuli, and these were associated with higher 

Positron Emission Tomography (PET) recorded activation in the amygdala than were 

less-arousing images. In addition, a recall test was administered 10 minutes after the 

presentation and ratings of the stimuli, and both a recall test and a recognition test were 

administered 4 weeks later. The immediate recall test revealed that participants had better 
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recall for images (both pleasant and aversive) which had been associated with higher 

levels of arousal in the amygdala. The delayed memory tests revealed that participants’ 

recall and recognition memory had both improved for the emotionally arousing images, 

though recognition memory for the emotionally arousing images reflected the greatest 

improvement. Thus, stimuli that participants found arousing led to greater activation of 

their amygdala, which in turn led to enhanced memory performance for emotionally-

charged stimuli over neutral stimuli. 

 It appears that emotionally-charged stimuli are at a mnemonic advantage relative 

to neutral stimuli, likely as a function of their arousing properties, and any associated 

physiological responses these may elicit. This lends further support to the idea that 

processing of emotional stimuli is not only prioritized relative to non-emotionally-

charged stimuli, but also that memory representations established for these stimuli remain 

more accessible than those created for experiences with neutral items. 

 

The role of memory for contextual information in visual search 

 Both the rapid response of the visual system to emotionally-charged arousing 

stimuli and the high efficiency with which such information is encoded and remembered 

reveals the importance that such information has for the observer. However, less is 

known about the specific implications that such information may have on visual attention 

extending beyond the immediate context of its presentation. Would it, for instance, affect 

attention beyond that point? Further, how might effects of emotional stimuli on attention 

be retained in memory and, in turn, how might memory representations of those 

experiences contribute to subsequent mental processing and response generation? 
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According to Arnell and colleagues (Aquino & Arnell, 2007; Arnell, Killman, & Fijavz, 

2007; Mathewson, Arnell, & Mansfield, 2008) the preferential encoding of a stimulus at 

the time at which it is encountered, and any subsequent disruption to attentional 

performance which may result, is modulated by the arousal that such a stimulus affords, 

relative to less arousing stimuli, a claim which is corroborated by greater incidental 

memory for such arousing stimuli, for instance. 

Research by Chun and colleagues on contextual cueing (Chun & Jiang, 1998; 

Chun & Jiang, 1999; Chun & Nakayama, 2000; Jiang & Chun, 2001; Olson, Chun, & 

Allison, 2001) provides important information about the processing of stimuli which are 

non-central to one’s short term goals. Such peripheral information can be thought of as 

the “context” for which people process information that is more central to their goal task. 

This research emphasizes the contribution of repeating such contextual information to 

processes of spatial attention. By implication, it suggests that the directing of spatial 

attention to particular locations can be facilitated by the presentation of a target within a 

previously encountered array of distractors. In the next section I will review some of the 

findings of these contextual cueing studies and how they might be useful for guiding 

further research on the influence of emotional stimuli on spatial attention. 

In a now classic study conducted by Chun and Jiang (1998), participants searched 

for a rotated target letter T embedded among rotated L distractor letters over a series of 

blocked trials. Within blocks, the arrangement of distractors on each trial was either 

arranged or one of a set of specific, repeating configurations. Across blocks, however, the 

location of the target letter appeared with a repeated configuration 50% of the time and 

presented a novel, random configuration for the remaining trials. Although a later test of 
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recognition memory revealed that participants explicit memory for the repeated 

configurations was no better than chance, presentation of visual search targets within 

those repeated configurations was significantly faster than when those targets were 

embedded within novel configurations. The findings suggest that implicitly acquired 

memory for the context of repeated distractor arrays facilitated the attention being 

directed to the location of the targets within those arrays; a phenomenon termed 

contextual cueing (Chun & Jiang, 1998). Other findings also support the idea that 

implicitly learned information about the context in which a visual search target is 

presented can efficiently guide visual attention toward that object (e.g., Chun & Jiang, 

1999; Chun & Nakayama, 2000). Thus, research on contextual cueing underscores the 

important role that memory for the context in which prior events were experienced can 

have in guiding allocation of attention during visual search. 

Studies on contextual cueing also provide information about which specific 

aspects of the context of a visual event are implicitly learned and subsequently guide 

attention to the location of a target. For instance, according to Jiang and Wagner (2004) 

both the global context (general configuration of the items in a visual array) and the 

spatial relationship between each individual distractor item and a target are encoded. In 

turn, implicit knowledge of either type of information or of both in consort, transfers to 

subsequent trials in which such information is repeated. As a result, observers are more 

rapid at locating and identifying a target on those trials, reflecting that cues of the visual 

environment can guide the processing of its contents. In this manner, both local and 

global contextual information encountered during a visual event becomes an implicitly 
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acquired cue which subsequently influences the orientation of attention toward goal-

relevant information. 

There is, however, evidence in support of the idea that certain aspects of 

contextual information may be rendered useless as implicit cues of attention when, for 

instance, such information is clearly irrelevant to a goal. This was demonstrated in a 

study by Jiang and Chun (2001) in which participants were required to conduct a visual 

search for a target presented in a to-be-attended colour. The target was embedded in an 

array of distractors, which were either of the same to-be attended colour or of a to-be-

ignored colour. They observed a facilitation of search performance only for repeated 

configurations that were of the same colour as the to-be-attended target. These findings 

suggest that the implicit learning that is afforded by repeating the configuration only 

occurs when the information being repeated is actually recognized as relevant by an 

observer and, thus, selectively attended. 

It is important to note, however, that in the Jiang & Chun (2001) study, the visual 

arrays were such that participants could selectively attend to relevant stimuli which 

differed from irrelevant stimuli in terms of a relatively obvious dimension, that of colour. 

Without this preparatory advantage, the entire configuration would likely be implicitly 

monitored for regularities. Contextual information may range in the extent to which it is 

irrelevant to a current goal. On the basis of the findings of Jiang and Chun (2001), it is 

apparent that contextual information which is obviously irrelevant may be discounted by 

the visual system and thus fall to the wayside during encoding, as it is not a source of 

information which may be useful in subsequent visual search. 
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Similar studies, in which real-world scenes were used instead of more artificial 

arrays of words or letters, have replicated the earlier contextual cueing results 

(Brockmole & Henderson, 2006). This research demonstrates that the phenomenon of 

contextual cueing generalizes to more realistic situations and that it is generally robust. 

Further, the study has been used to demonstrate that the semantic information which is 

contained in natural scenes also contributes to contextual cueing effects. Brockmole and 

Henderson (Experiment 2, 2006) report that participants in their study required twice as 

many exposures to inverted scenes which co-occurred with the presentation of a target in 

a given location before they began to show facilitation in visual search for the target in 

such scenes. Inverting the scenes prevents semantic processing of the content of the 

scene, thereby making more difficult the implicit learning of the contextual information 

in relation to the target. These findings further suggest that the presentation of 

emotionally-charged stimuli as contextual information in a visual event, and the 

processing that it engages, may be learned  implicitly and support rapid cueing of 

attention toward the location at which it occurred during a subsequent visual event. 

Under the consideration of such findings, it seems reasonable to expect that if an 

emotionally-charged arousing stimulus were integrated into the contextual information of 

a visual event, that information should be processed more efficiently than relatively 

neutral contextual information. In general, the contextual information in a visual event 

which is non-central to a short-term goal such as the location and identification of a target 

is thought to be implicitly learned and to influence spatial attention as of approximately 

200 ms into visual search, through the top-down “attentional and contextual excitatory 

modulation of anatomically early areas of visual cortex” (Olson, Chun, & Allison, 2001, 
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p. 1424). Emotionally arousing information, though irrelevant, should thus be especially 

likely to be processed as contextual information, in terms of its semantic content and its 

location, relative to neutral contextual information. 

Further, the effect of modulation of spatial attention by contextual cueing during a 

current event appears to occur relatively rapidly as a function of minimal previous 

exposure to the co-occurrence of a target in a given location within a configuration of 

distractors (Jiang & Wagner, 2004). The effect also appears to be long-lasting (Chun & 

Jiang, 2003). Past experience with a visual event, therefore, can have a persistent 

influence on spatial attention (Jiang & Chan, 2001). 

The basis of the current study concurrently draws on the categories of research 

reviewed above. First, there is ample evidence that spatial attention appears to be 

preferentially allocated to emotional stimuli. Second, such stimuli also appear to support 

especially robust memory representations. Third, as demonstrated by the phenomenon of 

contextual cueing, memory and attention readily interact. Thus, of central interest in the 

present series of experiments is whether exposure to an irrelevant, though effectively 

distracting stimulus, consisting of an emotionally-charged stimulus, in the context of a 

visual search task, will have a persistent influence on performance of a subsequent search 

task for which no emotional stimulus is present. Based on studies of contextual cueing, 

representations for prior instances of visual search are preserved in memory and can 

guide future visual search performance. Thus, the current study is an investigation into 

how the tendency for emotionally-charged stimuli to capture attention while it is actually 

presented contributes to visual search performance during a subsequent visual event 

during which only emotionally neutral stimuli are presented. 
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CHAPTER VI: THE CURRENT EXPERIMENTS AND RESULTS 

The literature on attention and emotion centers largely on the capture and holding 

of attention by emotional stimuli, and on impairments in performance and biases in the 

processing of other stimuli that can result from exposure to emotional stimuli. However, 

the memorable nature of emotionally-charged stimuli has important implications for how 

emotional stimuli interact with attention. Separate from the influence that emotional 

stimuli may have on the immediate focus of attention to information or locations in the 

visual environment, memory for prior experiences involving emotionally-charged stimuli 

and their context of presentation may also be influential on attention after the removal of 

an emotional stimulus from the visual environment. Prior exposure to distracting stimuli 

in the visual environment which competed for and gained attention during its immediate 

presentation may be influential to subsequent processing and response generation. 

Although shifts of attention to distractors may result in gains in performance in cases 

where the distracting stimulus orients attention to a task-relevant location in space, such 

instances of attention capture will also impair performance to the extent that it draws 

attention away from task-relevant locations in space. There is currently little research on 

the degree of disruptive influence on spatial attention that takes place on the basis of 

exposure to distracting, emotionally-charged stimuli. The current study is an investigation 

of whether memory representations for the attentional disruption caused by exposure to 

an emotionally-charged distractor stimulus will cause a persistent effect on visual search 

performance after that distractor is no longer present. Moreover, presuming that visual 

search performance depends on a recent exposure to an emotionally-charged distractor, 

the present set of experiments also aimed to address whether that disruption would be 
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bound to the specific prior location of that distractor or would impact visual search 

performance at a more diffused level, regardless of the location of a visual search target 

that follows exposure to an emotional distractor. 

Evidence from studies involving exogenous cueing suggests that emotional 

stimuli can guide attention to a location and facilitate detection responses to a stimulus 

that immediately appears in the same location (e.g., Stormark, Nordby, & Hugdahl, 

1995). Such findings, however, do not provide information about how attention, once 

influenced by this type of stimuli, may be influenced subsequently. That is, no research 

up to now has investigated the consequences of emotional attention capture for visual 

search performance during the immediately subsequent trial. 

When an individual is required to localize a target stimulus, the recent experience 

of having perceived an emotional stimulus at a given position among an array of items 

may influence responding to the target stimulus for a number of reasons. One such reason 

might be the memory for the position at which the emotional stimulus was presented. 

Evidence in support of this possibility is provided in a study by MacKay and 

Ahmetzanov (2005), whereby memory for the location at which a word appeared, a 

dimension which was irrelevant to the task, was found to be better for taboo words than 

for neutral words, even though the primary task consisted of naming the font colour of 

the items. Thus, if a target is presented at a location at which an emotionally-charged 

stimulus just appeared, it could result in stronger memory for the location of that stimulus 

and to differential responses for items subsequently presented at that particular location. 

Another factor which may influence responding to a target stimulus following a 

pre-cue is how long ago the first experience occurred. If it was less than 300 ms, 
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localization of a target in the same location tends to be facilitated, whereas if it occurred 

300 - 3000 ms prior to the target onset, localization of a target in the same location will 

frequently result in slower performance, due to the well-documented phenomenon of 

Inhibition of Return (Stoyanova, Pratt, & Anderson, 2007). Thus, as time passes, the 

influence of a recent exposure to an emotionally-charged stimulus may vary. Stoyanova 

et al. (2007) tested whether the typical impairment associated with the localization of a 

non-informative target appearing in a pre-cued location would be reduced when an 

emotionally-charged pre-cue was presented. Because emotionally-charged stimuli likely 

have survival value, there was a possibility that emotionally-charged pre-cues (e.g., an 

angry face) would be subject to less inhibition than would be non-emotional pre-cues. 

However, inhibition of return (or IOR) effects, that is, impaired responses to targets 

presented at a recently cued location, were of comparable magnitude regardless of the 

affective nature of the cue. Thus, the authors concluded that it is the pre-cue itself and not 

the emotional nature of the cue that influences search for a subsequently presented target. 

These findings suggest that emotionally-charged stimuli, at least when these take the 

form of angry faces, may not be especially effective at maintaining an attention bias to a 

spatial attention beyond the time delays that tend to facilitate performance in more 

conventional demonstrations of IOR. 

It is important to note, however, that Stoyanova, et al. (2007) used a cueing 

paradigm, rather than a visual search procedure. Whereas their procedure may test 

whether attention can rapidly return to a pre-cued location as a function of its emotional 

quality, it may not provide the ideal experimental setting in which to test the influence of 

recent exposure to an emotionally-charged stimulus on the subsequent orientation of 
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visual attention per se or the modulation of spatial attention more generally. Cueing tasks 

often provide an observer with a highly limited visual environment, consisting of a visual 

display containing two possible positions in which a target may appear. Further, 

presentation of a target in such tasks occurs in the absence of other distracting stimuli, 

further distinguishing the task from visual attention processes that tend to occur in real-

life interactions with the environment. Thus, cueing tasks may be a useful measure of 

how rapidly visual attention is captured to one of two positions as a function of the recent 

presentation of an emotional stimulus. It may also provide useful insights into how long 

attention persists at a cued location. However, the cueing/IOR procedure is not suitable 

for testing how emotionally-charged visual information can disrupt performance of a 

primary task and how that disruption may have a persistent influence on subsequent 

performance of the same task. 

For a procedure to test this influence, it should take into account the following 

factors. First, it should provide the observer with the experience of encountering an 

emotionally-charged arousing stimulus during an initial prime event which is similar to, 

but separate in time from an event that follows (a probe event). Second, more opportunity 

should be given for an observer’s attention to move around in space and explore the 

visual environment so that attentional behaviour may correspond more closely to real-life 

exploration and response to the visual information that is present. That is, the display and 

task used in the procedure should be such that it presents an observer with a more 

complex visual environment that contains both goal-relevant and irrelevant visual 

information. This also allows for the performance measures relating to attentional 

behaviour to be tracked via RTs and errors. To this end, an array of stimuli in which a 
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target must be localized is useful. Exposure to an emotionally-charged stimulus may then 

be manipulated by its presentation as an irrelevant distractor, which further simulates 

real-life settings. It is less likely that an observer would be actively searching for a source 

of emotionally-charged stimuli and more likely that the perceptual system would be 

simply prepared to orient to that information, even when it is not relevant to meeting the 

demands of the current task. 

The general structure of the current experiments involved requiring participants, 

in response to each of a series of visual search arrays, to identify the location of a visual 

search target. All items within search arrays consisted of images, each surrounded by a 

border of a given shape and colour. Each trial consisted of a prime event followed by a 

probe event. An emotionally-charged distractor was presented during some of the prime 

arrays (i.e., an image of a nude body part), whereas other prime arrays did not. 

Throughout the experiments, the presence of an emotionally-charged distractor image 

remained entirely unrelated to the criteria that participants used for finding visual search 

targets, which were defined by the shape and colour of the border surrounding one of the 

images in the array. The probe event consisted of the presentation of a visual search array 

that contained only neutral items, and no emotionally-charged distractor. 

In the experiments reported, my primary concern was to investigate the persistent 

consequences of a memory representation for a visual search episode involving exposure 

to an emotionally-charged stimulus. A secondary aim was to test whether or not the 

influence of an emotional stimulus would be bound to the location at which it appeared. 

If so, visual search performance during the probe event should be specific to the prior 

location of the emotional stimulus that appeared during the prime event. Consequently, 
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on some trials the search target for the probe event appeared at the same location as the 

emotional distractor for the prime event, whereas these items appeared at different 

locations on other trials. Further, as prime events on some trials included an emotionally-

charged distractor and some did not, the priming procedure used in the current 

experiments allowed me to measure the speed of visual search performance depending on 

whether the visual search target for the probe event appeared at the same or a different 

location from the emotionally-charged distractor. Thus, performance on those trials could 

be compared to trials for which no emotional distractor was presented. 

Given that memory processes are embedded in this type of priming procedure, 

taking advantage of known principles of memory allows an additional way to test 

whether the effect of exposure to an emotional distractor during a prime event will be 

specific to contextual features of the prime and probe search arrays. According to the 

principles of Encoding Specificity (Tulving & Thompson, 1973) and transfer-appropriate 

processing (Morris, Bransford, & Franks, 1977), the reinstatement of similar conditions 

at encoding and retrieval should enhance retrieval of the memory representation for a 

prior event. Indeed, it is overlap in the configuration of distractors that is presumed 

responsible for facilitated search performance in previous studies of contextual cueing 

that I have described above (Chun & Jiang, 1998; 1999). Thus, to the extent that a visual 

experience involving an emotionally-charged stimulus during the prime event is similar 

to the visual features of the probe event, that recent experience should have a greater 

impact on search performance during the probe event. This idea was tested in some of the 

experiments of the current study through a manipulation of the degree of visual overlap 

between the prime and probe search arrays. 
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 To foreshadow my results, across my experiments I obtained consistent evidence 

that exposure to an emotional image during a prime event has negative consequences for 

subsequent search performance during a probe event. This impairment was general, 

occurring regardless of whether the probe target appeared in the same or a different 

location as the emotional prime distractor and regardless of the degree of visual overlap 

between the prime and probe arrays. These results and their implications are discussed 

more thoroughly below, but first, I describe the outcome of a series of pilot studies that I 

conducted to validate the effectiveness of my materials and the basic structure of my 

methodology. 

 

Pilot Study 1 

The experiments of the current study involve the occasional presentation of an 

emotionally arousing image, and the frequent presentation of non-arousing images. It is 

then imperative that the images used to this end consist of images that are especially 

arousing to the observer, relative to other images used throughout the experiments. 

Images depicting body parts which are generally viewed as arousing were selected for 

this purpose. Previous observations that images with sexually arousing content are 

associated with a higher skin conductance response than are other types of images of 

positive or negative valence (Lane, Chua, & Dolan, 1999) suggest that such a choice in 

stimuli should be sufficiently arousing for the purposes of my study, and presumably 

effective at drawing the focus of attention in a form of appetitive motivation (Lane et al., 

1999). To be more certain, I conducted a Pilot Study to ensure that the emotionally-

charged images collected for subsequent experiments could be qualified as more 
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affectively provocative than other images that I selected for their neutral emotional 

quality. A secondary aim of Pilot Study 1 was to test whether the perceived arousal of the 

images would depend on the participants’ sex. My goal was to ensure that the 

emotionally-charged images I selected would be about equally arousing to both male and 

female participants. Images were selected from the internet and were categorized as 

either neutral images, control images or emotionally-charged images. Images in the 

neutral category ranged widely in terms of color, and content, and did not include people. 

Images from this category included cityscapes, landscapes and objects. Images from the 

control category consisted of close-ups of hands and feet of male and female people. 

Images of the emotionally arousing category included naked or partly covered male and 

female buttocks and female breasts. Roughly half of all the images in each set were close-

ups, whereas the pictures were taken from a further distance from the featured object(s) 

for the other half. None of the images contained any text. 

The goal in assembling these three categories of images was to ensure that one 

category would be associated with a relatively low level of arousal, another with a 

relatively high level of arousal, while yet another would be associated with a low level of 

arousal but would share a categorical similarity with images of the emotionally arousing 

category. Images from this last category are all centered on the theme of nude body parts. 

Thus, the inclusion of control images featuring hands and feet would provide a set of 

images of body parts that would not generally be considered emotionally provocative.  

This control condition allowed me to test whether any effects on visual search 

performance observed for the emotionally-charged images were simply reflective of the 
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depiction of body parts within those images, rather than the depiction of arousing body 

parts per se. 

 

Participants 

 Forty University of Manitoba students enrolled in the Introductory Psychology 

Participant Pool were recruited to participate in the study in exchange for partial course 

credit. Participants were a mean age of 23, and included 26 females and 14 males. All 

participants reported having normal or corrected to normal vision. 

 

Apparatus and Stimuli 

A total of 192 images were used in Pilot Study 1. Half of them (96) belonged to 

the neutral category, one quarter of them (48) belonged to the control category, and the 

remaining one quarter of them (48) belonged to the emotionally arousing category. 

Further, a quarter of the control category images depicted male hands, and another 

quarter depicted female hands. The remaining half depicted feet, half of which were 

female and half of which were male. Of the emotionally-charged category images, a 

quarter depicted buttocks, half of which were female and the other half of which were 

male.  The remaining half of the emotionally-charged category images were of female 

breasts. Emotionally-charged images ranged from naked to partly clothed buttocks, 

breast, and torsos. All image category sets included a range of close-up and relatively 

more distant images. Each image measured 4.5 cm in diameter and was framed by a 

simple circular black border (3 pixels wide). Images were prepared by cropping areas of 

interest to an appropriate size using Adobe Photoshop Elements 7 (2008) photo-editing 
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software. The images were displayed individually in a sequence against a white 

background at the center of a 17-inch flat screen Radion X300 series color monitor with a 

resolution of 1280 x 1024 pixels. The approximate viewing distance from the monitor 

was 70 cm. The experiment was programmed using E-Prime 2.0 programming software 

(Psychology Software Tools Inc., 2007) on a Dell Dimension 4700 computer. Participant 

responses to each image that was presented were recorded on a Dell keyboard placed 

directly on the table in front of them. Participants were asked to rate the degree of arousal 

corresponding to each image presented to them on a 4-point scale by pressing the v key 

for “1 = not at all”, the b key for “2 = not really”, the n key for “3 = somewhat”, and the 

m key for “4 = very”. 

  

Procedure 

Prior to beginning the experiment, participants completed an informed consent 

form (Appendix A). Separate experimental sessions were conducted for each participant. 

Sessions took place in a small room equipped with two tables, one at which the 

participant sat, and another, at which the experimenter sat, approximately 1 metre from 

the participant and facing either the same direction as the participant or 90 degrees away 

from them, ensuring that neither the participant and the monitor on which stimuli was 

presented to them were directly in experimenter view. The room was equipped with 

fluorescent lighting and room temperature was maintained at approximately 20 degrees 

Celsius. Prior to initiating the session, instructions were given to participants, asking 

them to rate the extent to which the content of each image that they viewed would be 

considered as more exciting and arousing to people in general. Following the instructions, 
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press spacebar to begin appeared on the monitor and participants initiated the experiment 

by pressing the spacebar. At the onset of every trial there was a 500 ms delay, followed 

by a fixation cross that was presented for 500 ms. The image display then appeared and 

remained on the screen until participants generated a response. After participants rated 

each image, the screen was cleared and replaced by the instruction, “press spacebar to 

begin”. The following trial began once participants pressed the spacebar. Images 

corresponding to the three categories were presented in a different, random order for each 

participant.  

 

Design and Analysis 

Overall Analysis of Image Category and of the Sex of Participants on Ratings. 

The data of interest in the present study consisted of subjective ratings of arousal for the 

images presented and was analyzed in its raw form without exclusions. To test whether 

participants associated image content from each category of images to different levels of 

arousal, a set of analyses were performed in which mean subjective ratings of arousal 

were submitted to a 2 X (3) mixed design ANOVA with image category (neutral vs. 

control vs. emotionally-charged) as the within-participants factor and participant sex 

(male vs. female) as the between subjects factor. This analysis also permitted a test of the 

influence of the sex of a participant on their arousal ratings. 

Analysis of the Sex of Participants on Ratings for Emotional vs. Neutral Images 

and Control vs. Neutral Images. To further assess the difference in arousal ratings as a 

function of image category and participant sex, a second set of tests were performed. 

Mean arousal ratings were submitted to separate repeated measures ANOVAs for each 
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emotional and  neutral category images, and for control and neutral category images as 

the within-participants factor and participant sex as the between participants factor. 

Analysis of the Sex of the Content Depicted in Control and Emotional Category 

Images and of the Sex of Participants on Ratings. Additional tests were required to 

investigate a potential interaction between participant sex and sex of the content 

presented in some of the images from the control and emotionally-charged image 

categories. A separate analysis of the ratings of images from these two categories were 

required, since, unlike images from the neutral category, these involved the depiction of 

either male or female body components. Consequently, the concern was that participant 

sex might play an influential role in how images depicting components from male and 

female bodies might be rated. To this end, subjective ratings of arousal were submitted to 

a 2 X (3 X 2) mixed design ANOVA with image category (control vs. emotionally-

charged images only) and sex of the content of the images (male vs. female) as the 

within-participants factors, and with participant sex (male vs. female) as the between 

subjects factor. 

 

Results 

Overall Effects of Image Category and of the Sex of Participants on Ratings. 

Mean ratings of arousal as a function of image category, sex of the body 

components depicted in the images, and participant sex are presented in Table 1. From 

this first analysis, there was no interaction between image category and participant sex, 

and no main effect of participant sex, with Fs < 1. There was, however, a significant main 

effect of image category on ratings of arousal, F(2,76) = 28.68, MSe = .35, p < .001, with 
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ratings of arousal being greatest for images of the emotionally-charged category, second 

highest in the neutral category, and lowest in the control category (2.79 vs. 2.15 vs. 1.68), 

confirming that the images of the emotionally-charged group generated the greatest 

perceived arousal in participants. Post hoc analyses involving paired-sample t-tests 

revealed a significant difference between each pair of conditions, with t(39) = -3.62, p < 

.001 for the neutral and emotional image conditions, t(39) =3.58, p < .001 for the neutral 

and control conditions, and t(39) =11.31, p < .001 for the emotional and control 

conditions.  

 

Table 1 

 

Mean ratings of arousal in response to stimuli images in Pilot Study 1 as a function of 

image category (neutral vs. control vs. emotional), participant sex, and sex of the image 

content (male vs. female). 

 

          Image Category 

Sex of  

Image Content Neutral  Control  Emotional                           

And Sex of Participants 

 

Male Content Overall        - 1.66  2.47 

                           (.075)                        (.128) 

 Female Participants        - 1.63  2.54 

    (.102)   (.173) 

 Male Participants           - 1.71  2.32 

    (.105)   (.182) 

 

Female Content Overall     - 1.69  2.99 

                           (.070)                        (.119) 

 Female Participants        - 1.62  2.88 

    (.088)   (.161) 

 Male Participants           - 1.81  3.19 

    (.113)   (.154) 

Male and Female  2.15 1.68    2.79 

Content (.122)   (.075)      (.110) 

 

SE = Between-participant standard error of the mean rating for images in each the 

neutral, control, and emotional categories. 
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Effects of the Sex of Participants on Ratings for Emotional vs. Neutral Images and 

Control vs. Neutral Images. 

The analysis performed on arousal ratings for the control and neutral image 

categories revealed a significant effect of image category, F(1,38) = 14.20, MSe = .35, p < 

.001, reflecting greater ratings of arousal for images of the neutral image category than 

images of the control category (2.15 vs. 1.68). Performance of the same test on arousal 

ratings for images of the emotional and neutral image categories produced a significant 

main effect of image category, F(1,38) = 9.70, MSe = .51, p < .05, with arousal ratings 

greatest for images of the emotional category than the neutral category (2.73 vs. 2.15). 

The analysis revealed no interaction between image category and participant sex, and no 

main effect of participant sex (all p > .05), confirming the basic differences between 

conditions revealed in the main analyses. 

 

Effects of the Sex of the Content Depicted in Control and Emotional Category Images 

and of the Sex of Participants on Ratings. 

The analyses involving only image categories with male and female content 

(control and emotionally-charged image categories only) revealed a significant 

interaction between image category, sex of the content depicted in an image, and 

participant sex, F(1,38) = 4.310, MSe = .085, p < .05. In keeping with this 3-way 

interaction, the analyses produced a significant overall interaction between image 

category and content sex, F(1,38) = 33.166, MSe = .085, p < .001. Similarly, an overall 

interaction between sex of the content images and participant sex was significant, F(1,38) 

= 5.69, MSe = .17, p < .05. An overall significant effect of image category between the 
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control and emotionally-charged categories was also generated, F(1,38) = 111.29, MSe = 

.36, p < .001. There was no effect of participant sex on arousal ratings overall, F<1, 

although an overall effect of the sex of the content of images on ratings was significant, 

F(1,38) = 11.29, MSe = .29, p < .002, with greater ratings of arousal made for images 

with female content relative to images with male content (2.34 vs. 2.06). 

The source of the image category X sex of image content X participant sex 

interaction was identified by submitting ratings for images of each the control and 

emotionally arousing categories to separate mixed design ANOVAs, with sex of the 

image content as a within-participant factor and participant sex as a between participants 

variable. An interaction between these two factors was significant only for images of the 

emotionally-charged category, F(1,38) = 5.885, MSe = .211, p < .05. Repeated measures 

ANOVAs performed separately on ratings made by male and female participants, with 

sex of the image content as the within-participants factor produced a significant effect of 

sex of the image content for both groups of participants. Male participants rated images 

with female content as more arousing than images with male content (3.19 vs. 2.32), 

F(1,13) = 25.587, MSe = .204, p < .001, as did females (2.88 vs. 2.54), F(1,25) = 7.120, 

MSe = .214, p < .05. Consequently, the source of the interaction was a larger difference in 

the arousing quality of emotionally-charged images depicting females and males for male 

participants than for female participants. 

The overall interaction between image category and content sex was broken down 

with separate repeated measures ANOVAs conducted on ratings for images of each the 

control and emotional image categories, with sex of the content of the images as a within-

participants factor, revealed a main effect of the sex of the content of images of the 
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emotionally-charged category only. Emotionally-charged images received greater ratings 

of arousal when the content they depicted was female than when it was male (2.99 vs. 

2.46), F(1,39) = 23.254, MSe = .237, p < .001. 

The source of the overall interaction between sex of the content of images and 

participant sex was investigated with separate repeated measures ANOVAs on ratings 

made by male and by female participants, with sex of the image content as the within-

participant factor. Male participants were found to rate images depicting female content 

as more arousing than images depicting male content (2.50 vs. 2.01), F(1,13) = 20.50, 

MSe = .080, p < .001. Female participants exhibited less of a difference in their arousal 

ratings, depending on the sex of the individual depicted in the image (2.25 vs. 2.09), 

F(1,25) = 4.12, MSe = .084, p < .053. 

Overall, images belonging to the emotionally-charged category were rated by both 

males and females to be significantly more arousing than the images belonging to either 

the control or neutral image categories. Further, the results confirm that the arousal 

ratings in response to emotionally-charged images were not based solely on the skin 

content of those images. In particular, arousal ratings of images in the control category 

were significantly lower than ratings for images of the emotionally-charged category 

even though the content of these images also involved the depiction of body parts. 

 

Pilot Study 2a 

Pilot Study 1 provided validation that the images I categorized as emotionally-

charged stimuli for the present study were associated with greater perceived arousal than 

were images from the neutral and control image categories. Further, the results generated 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 73 

evidence that male and female participants’ overall ratings of arousal in response to such 

stimuli were essentially similar. Prior to the use of the emotionally-charged images as 

distractors in the subsequent experiments of the current study, it was necessary to 

establish a functional difference between these images and the images from the neutral 

and control image category sets in disrupting attention. In Pilot Study 2a, participants 

performed a search for a neutral target image among an array of three distractor images. 

The distractor images of any given array either consisted of three neutral category 

images, or of two neutral category images and an image from either the control or 

emotionally-charged categories. The present study provided a way of testing the extent to 

which distractor images from each image category was distracting to the performance of 

a central task dependent on visual attention, during its immediate presentation.  

My second aim with Pilot Study 2a was to test whether any influence on 

performance owing to the presentation of an emotionally-charged image could be 

attributed to the rapid detection of such an item (Treisman & Gelade, 1980; Treisman, 

1988), as the emotionally-charged images share common characteristics which do not 

appear in neutral category images (i.e., all depict skin and parts of a living being). Based 

on the greater perceived arousal for emotionally-charged images observed in Pilot Study 

1, it was presumed that these could also be relatively more effective sources of distraction 

on attention than neutral images might be. Thus, the question of whether emotionally-

charged distractor images could be distracting due to the greater perceived arousal 

associated with these or because of image properties that distinguish them from neutral 

distractors was tested in Pilot Study 2a. For this purpose, images that shared the same 

properties as emotionally-charged images, but that were associated with a lower level of 
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perceived arousal were also included as distractors on some portion of the trials (e.g., 

images of hands and feet). The distraction produced by emotionally-charged distractors, 

as indexed by impairments during the localization task could then be compared against 

the distraction produced by the presence of neutral distractors, but also, against 

distractors which should produce similar distraction if the source of the distraction was an 

effect of the prioritized detection of the appearance of any type of body part in the array. 

Such comparisons allowed a test of the extent to which the distraction caused by 

emotionally-charged distractors could be attributed to their particularly arousing nature. 

 

Participants 

 Forty University of Manitoba students recruited form the Introductory Psychology 

Participant Pool participated in the study in exchange for partial course credit. 

Participants were a mean age of 22, and included 25 females and 15 males. All 

participants reported normal or corrected to normal vision. 

 

Apparatus and Stimuli 

 Additional images to those used in Pilot Study 1 were selected and prepared for 

the current Pilot Study and all subsequently described experiments of the current study 

using the same method as that described in Pilot Study 1. A total of 576 images were 

used for Pilot Study 2a. Of these, 480 belonged to the neutral image category, 48 

belonged to the control image category, and 48 belonged to the emotionally-charged 

image category. One quarter of the control category images depicted male hands, and 

another quarter depicted female hands. Another quarter depicted male feet, and the last 
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quarter depicted female feet. Of the images of the emotionally-charged category, half 

consisted of an equal number of images depicting male and female buttocks. The 

remaining half of the images consisted of female breasts. In addition to the set of images 

used in Pilot 1, further images were collected and cropped to an appropriate size for Pilot 

Study 2a using Adobe Photoshop Elements 7 (2008) photo-editing software. Each image 

was framed by a circular or square border and measured either 4.5 cm in diameter or 4.5 

cm wide by 4.5 cm high, respectively. Further, the image borders could also be either 

thick (3 pixels wide) or thin (2.25 pixels wide) and either blue or red. One item with each 

of the four possible border combinations appeared in every display containing an array of 

4 images. The border manipulation was used to indicate to participants the location of the 

target item. Target items could thus be identified independently of the content of the 

images presented as distractors. Presumably, having participants search for a target as a 

function of image borders did not interfere with the integrity or availability of the 

semantic information of the distractor images. 

 The images were presented in sets of four against a white background, with each 

image positioned 4.75 cm above, below, to the left, or to the right of the center of a 17-

inch flat screen Radion X300 series color monitor with a resolution of 1280 x 1024 

pixels. Participants were presented the displays at an approximate viewing distance of 70 

cm. The experiment was programmed using E-Prime 1.2 programming software 

(Psychology Software Tools Inc., 2003) on a Dell Dimension 4700 computer. 

Participants initiated the onset of each trial by pressing the spacebar on a Dell keyboard 

placed directly in front of them. Participants were asked to respond to each display by 

pressing keys 8, 2, 4 and 6, which were labeled “top”, “bottom”, “left”, and “right”, 
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respectively, as a function of the location of the target item in the array. Data on response 

latency and accuracy were recorded for each key press the participant made in response 

to each display. 

 

Procedure 

 Experimental sessions were run separately for each participant under the same 

conditions as those described for Pilot Study 1. Participants completed an informed 

consent (Appendix B) form at the outset of the experimental session and were instructed 

to identify by key press, as quickly and accurately as possible, the location of the target 

item in each display of four images presented to them. The target item was specified as 

the item in the display that had a particular border, which differed depending on the 

counterbalance version they were completing. On each of a total of 196 trials, press the 

spacebar to begin was displayed on the monitor. Once participants initiated the trial, 

there was a 500 ms delay, followed by a fixation cross that was presented for 500 ms. 

The image display was then presented and remained on the monitor until participants 

made a localization response. The display cleared if no response was made within 3000 

ms. Once the display cleared, there was a 1000 ms wait, followed by the text prompt 

press spacebar to begin. The next trial was initiated when the participant pressed the 

spacebar. 

 Prior to data collection, a total of 192 trials were generated. Half (96) of these 

consisted of all-neutral distractor trials. Another quarter of the trials (48) were control 

distractor trials, and the remaining quarter (48) were emotional distractor trials. The 

procedure for generating trials was the same within each category. For every category of 
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trials, the type of border of the set of images presented on any given trial was 

counterbalanced. On half of the trials, the borders were circular, and on the other half of 

trials the borders were square. In addition, for each of these subsets of trials, the location 

of the target item in the array varied such that it occurred equally as often at each of the 

four possible locations in the array. The resulting possible location to border 

combinations within each subset were then assigned equally as often across trials, with 

the restriction that the border type being used to designate the target item in any given 

counterbalance matched with the location of the target on a given trial. In addition, for 

control distractor trials and emotional distractor trials alike, one of the distractors in the 

array was designated a critical distractor, which consisted of an image of a hand or foot 

image for control distractor trials, and of an image of a breast or of buttocks for 

emotional distractor trials. To accomplish this, a critical distractor location was pseudo-

randomly assigned an equal number of times to any of the three remaining locations that 

were not occupied by the target. The presentation of critical distractors for these trials 

across non-target locations was balanced, however, for trials on which the target border 

was presented at a given location. Further, the sex of the content of the critical distractor 

images presented in trials of both the control distractor and emotional distractor 

conditions was pseudo-randomly assigned across trials, with the restriction that the total 

number of images containing male and female content be equivalent. Within each of the 

resulting four types of trials, the content of the critical distractor image was also pseudo-

randomly assigned across trials, with the restriction that each content type (hands and feet 

for trials of the control distractor condition, and breasts and buttocks for the emotional 

distractor condition) occurred equally often. 
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 As a result of the procedure described for generating trials, each of the items 

presented in each display were assigned either a thick blue, thin blue, thick red, or thin 

red border. The border type that was designated as the identifier for the target item 

remained constant throughout any given experimental session. Consequently, four 

counterbalanced versions of the trials were created, whereby the target item always had 

either a thick blue border, thin blue border, thick red border, or thin red border. 

 My central aim with Pilot Study 2a was to test whether participants would show 

greater impairment while performing a visual search task when the critical distractor was 

an emotionally-charged image than when it was a less arousing stimulus consisting of 

either a perceptually similar control image or a neutral image. A secondary aim was to 

further test the influence of participant sex and sex of the content of the distractor image 

on task performance. With these key interests in mind, the present procedure resulted in 

each cell of the design contributing 48 trials to each the control distractor and emotional 

distractor conditions, and 96 trials to the neutral distractor condition. For the sex-related 

questions of interest, the design contributed 24 trials to each the male and female sex of 

the content of distractor image conditions in each the control distractor and the emotional 

distractor conditions. 

 Trials of the control distractor condition involved the presentation of a neutral 

image at the target location along with neutral images at two of the distractor locations 

and an image from the control category (hands vs. feet) at the critical distractor location. 

On half of these trials, the critical distractor image depicted female hands or feet equally 

often. The other half of these trials involved a critical distractor image of either male 

hands or feet, equally often. Similar to the control distractor condition, trials of the 
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emotional distractor condition involved presenting the neutral images at the target 

location and at two distractor locations. For these trials, however, an emotionally-charged 

image was presented at the critical distractor location. On half of the trials, the critical 

distractor image depicted buttocks or breasts of a female. For the remaining half, the 

critical distractor image depicted male buttocks. Neutral distractor trials were identical to 

both the control distractor and emotional distractor trials with the exception that a neutral 

image was instead presented at the critical distractor location. Thus, unlike trials of the 

control distractor and emotional distractor conditions, trials of the neutral distractor 

condition did not involve the presentation of a critical distractor. Trials from each 

condition were presented to participants in randomized order. 

 

Design and Analysis  

Prior to analyses being conducted, data from participants performing at a level of 

accuracy below 80% were eliminated from the set, resulting in the data of 4 participants 

being excluded from analyses. This process ensured that the analyses were conducted 

only on data from participants who understood the experimental task and who completed 

it relatively accurately. A response cutoff of 3000 ms was integrated into the experiment 

to prevent participants from engaging in excessive evaluation of the content of the 

displays presented during the experiment. This also eliminated long response times from 

being recorded on trials for which a participant failed to respond, responded incorrectly, 

or for which a response was not correctly recorded (i.e., an invalid key was pressed). 

Further, responses briefer than 200 ms were filtered out post hoc to eliminate trials on 

which participants may have either accidentally or purposefully pressed the button 
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immediately upon the onset of the display. Consequently, less than 1% of trials were 

eliminated from analyses as a function of the application of this cutoff. The first 10 trials 

that were completed during the experimental session were treated as practice trials and 

were eliminated from analyses. 

A post-hoc assessment of the results of each of the present experiment and of all 

experiments reported herein was conducted to assess whether the reported patterns of 

results were influenced by the application of relaxed response time cutoffs and a 

restrictive accuracy criteria. A response time cutoff of 250 ms to 1500 ms and a relaxed 

accuracy criteria of 30% were used in reassessing data across all experiments in which 

response times were analyzed. As a result, 0-6% of outliers from all trials were 

eliminated from analyses in any given experiment, and the data of participants having 

performed above 30% was included in analyses. In all cases, the resulting patterns of both 

Median and Mean response times reflected the same pattern as those originally reported. 

Analysis of Effects of Distractor Image Category and of the Sex of Participants on 

Search. The effect of the type of distractor presented and of the sex of participants on 

performance of the visual search task was investigated by submitting both mean 

proportion of errors and mean response times for correctly completed trials to separate 2 

X (3) mixed design ANOVAs with distractor condition (neutral vs. control vs. emotional) 

as the within-participants factor and participant sex (male vs. female) as the between 

participants factor. 

Analysis of the Sex of the Content Depicted in Critical Distractor Images for 

Control and Emotional Distractor Conditions and of the Sex of Participants on Search. A 

second analysis was conducted with the aim of investigating potential interactions 
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between participant sex and sex of the content depicted by the critical distractor image, 

presented only during either control distractor or emotional distractor condition trials. 

The results from Pilot Study 1 suggested that such influences had a minor impact on 

ratings of arousal of images depicting components of the human body. The present 

analysis was a verification of whether the content of the images might differentially 

disrupt performance during the performance of a search task as a function of participant 

sex, when the images are presented as distractors. Images depicting components of the 

human body, however, were only presented on trials of the control and emotional 

distractor conditions. Consequently, the present analysis was conducted on only trials 

from these conditions. Proportion of errors and mean response times for correctly 

completed trials were then also submitted to a second set of separate 2 X (2 X 2) mixed 

design repeated measures ANOVAs with distractor condition (control vs. emotional) and 

sex of the content of the critical distractor image (male vs. female) as the within- 

participant factors, and sex of the participants (male vs. female) as the between 

participants factor. 

 

Results 

Proportion of Errors 

Effects of Distractor Condition and of the Sex of Participants on Search. Mean 

proportions of errors made during the search task as a function of distractor condition, 

sex of the content of the distractor image, and participant sex are presented in Table 2. 

From the analysis of effects of distractor condition and sex of participant on the 

proportion of errors made during the search task, there was no effect of distractor 
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condition, p > .05, indicating that errors were stable regardless of the type of distractor 

image presented during performance of the search task. There also was no significant 

effect on errors from participant sex (p > .05), and no interaction between the two factors. 

Effects of the Sex of the Content Depicted in Critical Distractor Images for 

Control and Emotional Distractor Conditions and of the Sex of Participants on Search. 

The analysis performed on the proportion of errors of trials of the control distractor and 

emotional distractor conditions only (body component images were never presented 

during trials of the neutral distractor condition) revealed no effects of participant sex. The 

absence of an overall interaction between participant sex and sex of the content of the 

critical distractor reveals that male and female participants alike responded similarly to 

the presentation of control and emotional category images at the location of the critical 

distractor. Consequently, the continued use of the stimuli sets that were assembled for 

Pilot Study 2a was evaluated as appropriate. For the purpose of the remainder of the 

experiments reported in the current study, however, half of the emotional category 

images depicting male buttocks were replaced with images of male torsos. This 

modification ensured the balance of not only the sex of the content of the critical 

distractor images, but further, it aimed to achieve increased balanced in the ratio of body 

components depicted for images of each respective sex. As a result, half of the images of 

male body components depicted buttocks and the remaining half depicted torsos, 

consistent with the images of female body components, half of which depicted buttocks, 

and the other half of which depicted breasts. Arousal ratings for these images were not 

measured prior to inclusion in the set of emotionally arousing images. It was thus unclear 
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whether the effectiveness of the set of emotionally charged distractors during the prime 

event would be eliminated as a result. 

 

Response Times 

Effects of Distractor Condition and of the Sex of Participants on Search. Mean 

correct response times for performance of the visual search task as a function of distractor 

condition, sex of the content of the distractor image, and participant sex are displayed in 

Table 2. The analysis of the effect of distractor condition and sex of participants on mean 

response times generated a significant effect of search condition, F(2,68) = 37.36, MSe = 

3781.17, p < .001. Response times were the longest on trials of the emotional distractor 

condition, intermediate on trials of the control distractor condition, and the fastest on 

trials of the neutral distractor condition (1135 ms vs. 1045 ms vs. 1015 ms). Paired 

sample t-tests were conducted post hoc, revealing significant differences between all 

conditions, with t(35) = -7.28, p < .001, SEM = 16.47, for the neutral (M = 1015, SD = 

238.68) and emotional (M = 1135, SD = 290.86) distractor conditions, t(35) = -3.21, p < 

.01, SEM = 9.47, for the neutral and control (M = 1045, SD = 232.69) distractor 

conditions, and t(35) = -5.54, p < .001, SEM = 16.15 for the control and emotional 

distractor conditions. There was no effect of participant sex on its own on performance of 

the visual search, p > .05, and no interaction between the factors. 

The impairment in the performance of the visual search task that was observed is 

in keeping with a number of existing studies reported in the literature which generally 

suggest that emotionally-charged stimuli function more efficiently at disrupting attention 
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when presented as distractors during visual search (for instance, see Öhman, Flykt, & 

Esteves, 2001). 

Effects of the Sex of the Content Depicted in Critical Distractor Images for 

Control and Emotional Distractor Conditions and of the Sex of Participants on Search. 

The additional analysis that was performed on mean response times at performing the 

visual search task during only the control and emotional distractor conditions revealed a 

significant interaction between the distractor condition and the sex of the content depicted 

in the critical distractor images of trials of those two conditions, F(1,34) = 6.72, MSe = 

6256.13, p < .01. The main effect of distractor condition was also significant, F(1,34) = 

30.87, MSe = 9503.58, p < .001, consistent with the effect reported in the main analysis of 

effects on response times. 

This last interaction was further investigated by submitting mean response times 

for trials of the control distractor and emotional distractor conditions to separate repeated 

measures ANOVAS with sex of the content of the critical distractor (male vs. female) as 

the within-participants factor. Consequently, a significant difference was revealed to have 

occurred only for the control distractor condition, F(1,34) = 4.38, MSe = 2781.15, p < .05, 

with response times the greatest on trials of the control distractor condition when the 

image presented as a critical distractor depicted female content relative to when the 

image involved male content (1158 ms vs. 1112 ms). Further questions pertaining to 

differences between male and female participants in response to images depicting male 

and female content are beyond the scope of the present study and are not discussed in the 

remaining experiments. 
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The results from Pilot Study 2a provide evidence in support of the effectiveness 

of the use of emotionally-charged images as distractors in the visual search procedure 

that was used in the current experiments. In particular, the results demonstrate that the 

presentation of the emotionally-charged images at non-target locations of the display 

suffices as a technique by which to disrupt participants’ attention during the performance 

of a central task involving visual attention.  

 

Table 2 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

when responding to events in Pilot Study 2a, as a function of distractor condition (all-

neutral vs. control vs. emotional) and sex of the distractor image content. 

 

 

                          Distractor Condition 

 

 

 All-Neutral    Control Emotional    

                           

Sex of Content   

of Distractor Image     RT     ERR RT ERR   RT ERR 

 

Male Content                 - -  1032      .017     1158      .025 

- -        (38.0)    (.004)     (53.4)     (.006)    

Female Content - -  1058      .030     1112      .028 

 - -                (40.5)    (.006)    (46.2)     (.007)    

Overall  1015         .022 1045      .024  1132      .027  

  (39.7)       (.004)            (38.7)    (.004)             (46.5)    (.005)     

 

SE = Between-participant standard error of the mean response time for events in each 

distractor condition and by sex of the content of each image. 

  

Further, the finding of a significant difference in response times as a function of 

the category of image presented at the location of the critical distractor revealed that the 

presentation of emotionally-charged images generated relatively greater disruption in the 
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performance of the visual search task than did control images. The effectiveness of 

emotionally-charged images as distractors in the current procedure appear to reflect more 

than solely the prioritized detection of these based on the unique presence of human body 

parts in the array. Although images of both emotional and control distractors shared a 

similarity in their perceptual characteristics, most notably the presence of human 

components of skin, the emotionally-charged images presumably had a stronger influence 

on attention due to the greater levels of perceived arousal associated with these. 

 

Pilot Study 2b 

Efficiency of Control Distractors 

The inclusion of control images in Pilot Study 2a at the location of the critical 

distractor allowed a test of whether the effect of emotionally-charged images on attention 

depended on the arousal associated with these or the relatively distinct perceptual 

characteristics of these relative to the neutral images with which they were presented in 

the displays. From the results of Pilot Study 2a, exposure to emotionally-charged images 

appears to result in attentional disruption at least partly due to the priority detection of 

these. However, the stronger effect of these on attention relative to control images 

suggests that the emotionally-charged images influence attention on a second basis, 

presumably the level of arousal with which they are associated. Alternatively, the 

difference between performance on trials of the control distractor and emotional 

distractor conditions might have originated from the generalization of the arousal 

associated with emotionally-charged critical distractors to the critical distractors 

presented on control distractor trials, as these were perceptually similar. In this way, 
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participants may have developed an increased sensitivity to such stimuli, resulting in 

impairments in the performance of the localization task. I proceeded to test this 

possibility in Pilot Study 2b by eliminating trials of the emotional distractor condition 

altogether. Consequently, performance at the localization task could be compared in the 

neutral distractor and control distractor conditions only, albeit in the absence of the 

potentially sensitizing emotionally-charged stimuli.  

 

Participants 

 Forty University of Manitoba students enrolled in Introductory Psychology took 

part in the study in exchange for partial course credit. Participants were a mean age of 19, 

and included 32 females and 8 males. All participants reported normal or corrected to 

normal vision. 

 

Apparatus and Stimuli 

The apparatus and stimuli were identical to those described for Pilot Study 2a, 

with the following exceptions. The 48 images of the emotionally-charged image category 

which were presented at the location of the critical distractor in Pilot Study 2a were 

replaced with 48 images from the control image category set. As a function of this 

modification, 576 images in total were used, however, 480 consisted of neutral category 

images, and 96 consisted of control category images. Once again, half of the control 

category images depicted hands, and half depicted feet, and additionally, half of each 

subset depicted male content, and the other half depicted female content.  
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Procedure 

 The procedure for Pilot Study 2b was the same as for Pilot Study 2a, with the 

exception that trials of the emotional distractor condition were converted to control 

distractor conditions. This was accomplished by replacing the emotionally-charged 

images at the critical distractor locations of displays for those trials with control category 

images. As a result, of the 192 trials that were generated for Pilot Study 2a, half (96) 

remained all-neutral distractor trials, and the remaining half of the trials now consisted of 

control distractor trials. Reflecting these changes, each cell of the design for Pilot Study 

2b contributed 96 trials to the control distractor condition, and 96 trials to the neutral 

distractor condition. 

 

Design and Analysis  

Data from participants having performed at a minimum level of 80% accuracy or 

greater overall were analyzed, resulting in data from 4 participants being eliminated on 

the basis of this criterion. In addition to an integrated response time cutoff of 3000 ms, 

responses that were briefer than 200 ms were filtered out post hoc to eliminate trials on 

which participants responded unusually rapidly. The application of these criteria ensured 

that extremely rapid and lengthy responses were filtered out. As a result of the 

application of the cutoff, less than 1% of trials were eliminated from analyses. The first 

10 trials that participants completed consisted of practice trials and these were also 

excluded from analyses. 

The effect of distractor condition on performance of the localization task was 

tested by submitting both mean proportion of errors and mean response times for 
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correctly completed trials to separate repeated measures ANOVAs, with distractor 

condition (neutral vs. control) as the within-participants factor. 

 

Results 

Proportion of Errors 

Table 3 contains the mean proportions of errors made during the visual search 

task. The analyses of effects on proportion of errors revealed an overall main effect of 

distractor condition, F(1,34) = 38.53, MSe = .00, p < .001, in that the proportion of errors  

were about 2.6% higher in the control condition than in the neutral distractor condition 

(.044 vs. .018). 

 

Response Times 

Mean correct response times for trials of each condition are presented in Table 3. 

The analyses of the effect of the distractor condition on response times revealed a main 

effect of distractor condition, , F(1,34) = 21.12, MSe = 2417.12, p < .001, with response 

times an average of 54 ms greater in response to trials of the control distractor condition 

relative to trials of the neutral distractor condition (1040 ms vs. 986 ms). 

Poorer performance in terms of both greater error rates and slower responses for 

the control condition relative to the neutral condition was observed even when none of 

the trials involved the presentation of emotionally-charged images. This finding 

eliminates the possibility that the impairment which occurred when control images were 

presented at the location of a critical distractor is due to an increased sensitivity to such 

images from exposure to emotionally-charged images on other trials. 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 90 

Table 3 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

when responding to events in Pilot Study 2b, as a function of distractor condition (all-

neutral vs. control). 

 

 

                          Distractor Condition 

 

 

 All-Neutral Control                         

      

                 RT             ERR              RT            ERR 

  

Overall       986          .018  1040        .044  

      (43.3)          (.003)                (46.8)          (.006)                  

 

SE = Between-participant standard error of the mean response time for events in each 

distractor condition and by sex of the content of each image. 

 

An alternative worth considering is that participants were to some extent sensitive 

to the recurrence of a themed set of stimuli. As a set, the control images which were 

presented at the location of the critical distractor were perceptually distinct from the 

neutral images that were presented as targets and distractors. Consequently, participants’ 

attention may have been disrupted by the occasional recurrence of images matching with 

that theme. This possibility cannot be ruled out in the present Pilot Study and may 

contribute a partial explanation for the effects observed.  

A likely stronger basis contributing to the effects, however, is the distinctiveness 

that the control images afford relative to the neutral images with which they were 

presented on any given trial. All of the control images depicted body parts, whereas the 

neutral images presented at non-critical distractor locations involved varied content, none 

of which included components of the human body. This juxtaposition of content in a 
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given display may have sufficed to produce a distracting priority detection effect, 

resulting in negative consequences for task performance.    

The impairment effects observed in Pilot Study 2a and 2b on trials involving the 

presentation of control and emotionally-charged images may in part reflect observer 

sensitivity to the classes of stimuli presented at the distractor item locations in the 

displays. Moreover, it is likely that the unique perceptual characteristics of both types of 

images produced a moderate priority detection effect resulting in a disruption to attention. 

Greater impairment in the emotional distractor image condition than in the control 

distractor image condition in Pilot Study 2a, however, suggests that beyond priority 

detection, the emotionally-charged images presented at a distractor location more 

effectively generate distraction on attention during the visual search task than can be 

produced by either the control and neutral images. 

 

Experiment 1a 

 Previous research involving exogenous cueing tasks has shown that attention may 

be primed toward or in avoidance of a location at which a target subsequently appears 

(e.g., Stormark, Nordby, & Hugdahl, 1995). In some such demonstrations, attention was 

primed to one of a limited number of locations via the sudden onset of a cue, such as an 

emotionally-charged stimulus (e.g., Koster, Crombez, Van Damme, Verschuere, & De 

Houwer, 2004) or an aversively-conditioned cue stimulus (e.g., Koster, Crombez, Van 

Damme, Verschuere, and De Houwer, 2004), resulting in the facilitated localization of a 

target presented at that same location. Moreover, such studies have also shown that 

attention appears to persist at the location at which the emotionally-charged cue was 
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presented. In the context of the cueing paradigm and of variations thereof, however, the 

attention of the observer has often been highly restrained to a few positions on a display 

(usually left or right). 

My central concern with the current experiments was to investigate disruptions to 

spatial attention and the extensiveness of these across an observers’ frequently changing 

visual environment. With that purpose in mind, the procedure used in the experiments 

that follow was designed to provide participants with a visual environment that placed 

increased demands on attention, and which more closely approximated the complex and 

naturalistic environment in which visual attention typically occurs. As an overview, 

during the first of two consecutive visual events on each of a series of trials, participants 

were required to perform a visual search task during which a target could appear at any of 

four locations in a display. Target items consisted of whichever image had a border type 

with features specified at the outset of the study (either red or blue, and either thick or 

thin). The requirement that participants search for and respond to the location of the 

target item on the basis of its border, consisting of a conjunction of two visual features, 

was intended to increase the likelihood that the items in the arrays be processed in a 

deliberate manner as they engaged in serial, or controlled search, for the target (see 

Treisman & Souther, 1985). All of the images presented consisted of distractors per se, as 

the content and location at which these were presented was always uninformative to the 

task being performed. Non-target variations of the borders also served as distractors. 

During this first event, on less than half of all trials, a critical distractor image was 

presented at one of the non-target locations, providing the participant with an experience 

of being distracted by an effective distractor presented at a controlled location of the 
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display. During the subsequent visual event, participants were required to perform the 

visual search task once again, albeit with a new display during which neutral distractor 

images were only ever presented.  

The impairments in performance during the second visual event of the 

experiments that follow cannot be attributed to the immediate influence of the 

presentation of an emotionally-charged image, as emotionally-charged images were never 

presented during the second visual event. It is unlikely that the impairments can be 

attributed to cueing or attentional persistence to the location of the display at which the 

emotionally-charged image was presented. In particular, even if attention were directed to 

the particular location at which an emotionally-charged distractor was presented, the 

requirement of participants to direct attention to the location of the target for a response 

to be made prior to the initiation of the second visual event would presumably have 

resulted in attention being directed to the target.  

Experiment 1a was a test of whether the recent exposure to an emotionally 

arousing distractor during the first event of a trial (prime event) could a) be generally 

disruptive to visual attention during a subsequent and similar visual event, and b) drive 

specific effects of attention, whereby the location at which an emotionally-charged image 

was presented as a distractor might either be relevant or irrelevant in supporting a 

response to the target when it is presented at that same location. Underlying this idea are 

the general predictions that attention may be more likely to return to a location at which 

an emotionally-charged stimulus was recently presented, on the premise that memory for 

the presentation of the emotionally-charged stimulus could presumably also include 

information on the location at which it was presented and the process of attention being 
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drawn to that location. Consequently, facilitation in responding to a target subsequently 

presented at that location, and impairment in responding to a target presented at a 

different location could ensue. 

A feature of the procedure for Experiment 1 involved a manipulation of the 

perceptual characteristics of the prime and probe events, making them either similar or 

different. In particular, the contours of all of the images presented during the prime event 

were either the same or different than the contours of all images presented during the 

probe event. This aspect of the procedure was aimed at supporting presumed memory 

retrieval processes at the time of the probe event, for attentional processes engaged as a 

function of events during the prime event. It was generally anticipated that, if memory 

retrieval processes were supporting effects across the prime and probe events, that the 

general similarity (as per the principle of Encoding Specificity, Tulving & Thompson, 

1973) and recency of the prime event relative to the probe event would be sufficient for 

these to engage. By increasing the similarity between the prime and probe events, such 

memory retrieval processes were expected to be more likely. In turn, this was expected to 

enhance any of the effects of exposure to an emotionally-charged distractor during the 

prime event on performance during the probe event. 

 

Participants 

 A group of forty Introductory Psychology students at the University of Manitoba 

took part in the study in exchange for partial course credit. Participants included 25 

females and 15 males, with a mean age of 19. All participants reported normal or 

corrected to normal vision. 
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Apparatus and Stimuli 

 The apparatus and stimuli for Experiment 1a were the same as those described for 

Pilot Study 2a, with the following exceptions. The displays that were used in Pilot Study 

1 were used for the prime events of the present experiment. In addition to the 576 images 

that were used in preparing these displays, 672 images were required in constructing 192 

probe event displays, and 12 practice trials each involving a prime and probe event. In 

total, 2032 images were used in constructing displays for the present experiment. All of 

the probe event displays contained neutral images only. As with images used for the 

prime displays, new images were prepared using Adobe Photoshop Elements 7 (2008) 

photo-editing software so that half had a round contour and the remaining half had a 

square contour. Each image was framed by a border that was either thick (4.25 pixels) or 

thin (2.25 pixels) and either blue or red. Each display contained each of the possible four 

border types (thick red, thick blue, thin red, thin blue). 

Moreover, response times for participants in Pilot Studies 2a and 2b were on 

average over 1000 ms across conditions, suggesting that overall, the task participants 

were asked to perform proved to be more difficult than anticipated, overall. One 

possibility in accounting for this is that the task of distinguishing between items with 

thick and thin borders may have been too demanding. Consequently, inflated response 

times would have resulted. Presumably, then, it was anticipated that by increasing the 

difference between thin and thick borders (previously a difference of .75 pixels in width) 

to a difference of 2 pixels would reduce task difficulty, which might otherwise interfere 

with the measurement of effects relating to the presentation of emotionally-charged 

critical distractor images on locating the target. 
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To achieve a manipulation of perceptual similarity between the prime and probe 

events, all the images of a given prime or probe display were presented either with round 

contours or with square contours. On half of the trials, the contours of images of the 

prime and probe arrays matched (prime-probe perceptual match condition). On the 

remaining half of the trials, the contours of the images of the prime display mismatched 

those of the probe display (prime-probe perceptual mismatch condition). As a result, half 

of the trials containing prime and probe displays that shared greater perceptual similarity 

and half of the trials sharing relatively less perceptual similarity. Participants were 

required to make a response to both the prime and probe events of every trial, and 

response times and accuracy were recorded for responses to both. All remaining details 

pertaining to the apparatus and stimuli were identical to Pilot Study 1. 

 

Procedure 

Data were collected from participants during group sessions. Sessions took place 

in a medium sized laboratory room equipped with tables positioned along two adjacent 

walls along which individual computer stations were installed, approximately 1 metre 

apart. Participants were seated at the stations, facing the monitor and the wall. The 

experimenter either sat at one of the computer stations when one was available, or at the 

back of the room. Each session was conducted with mixed-sex groups of 5-6 participants. 

Following the completion of an informed consent form (Appendix C), participants were 

instructed that a series of trials would be presented to them, each involving two displays 

of four images, one of which was their target. Participants were instructed to respond to 

each display as quickly and accurately as possible by indicating the location of the target 
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item by key press. Specific instructions regarding the border specification of the target 

item was provided to each participant individually, both verbally and through instructions 

which appeared on the monitors. All other details were as described in Pilot Study 1. 

Participants initiated each of 12 practice trials and 196 regular trials by pressing the 

spacebar. Every trial began with a 500 ms time delay followed by a fixation cross that 

was displayed for 500 ms. The prime event display then appeared and remained on the 

monitor until a response was recorded. Once a response was recorded, or if no response 

was made within 3000 ms, the display cleared. Following a 50 ms inter-stimulus interval, 

a fixation cross was displayed for 500 ms. Next, the probe event display appeared and 

remained on the monitor until a response was recorded and cleared automatically if no 

response was made within 3000 ms. After a 1000 ms post-trial wait, “press spacebar to 

begin” appeared on the monitor until participants proceeded to initiate the next trial. 

 Prior to data collection, a total of 192 trials were generated. Half (96) of the trials 

were all-neutral distractor trials, one quarter (48) were control distractor trials, and the 

remaining half (48) were emotional distractor trials. A total of 192 probe event displays 

were generated in correspondence with the existing prime events (from Pilot Study 2a) 

using the following procedure. For each distractor condition, the contours of images of 

half of the prime event displays were circular, and the other half were square. An equal 

number of these were paired with either a probe event display containing images with the 

same contours (i.e., both the images in the prime display and probe display contained 

images with square contours, or both sets of images had round contours) or a probe event 

display containing images with a different contour (i.e., the images in the prime display 

were square-contoured and the images in the probe display were circular-contoured, or 
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the reverse). Within each of these categories, the target of the prime event display was 

presented an equal number of times in each location of the display. 

Further, displays of the prime were constructed so that each one had a location 

designated for a critical distractor image. On trials of the control distractor condition, the 

critical distractor image depicted hands or feet, either male or female. For trials of the 

emotional distractor condition, the critical distractor image depicted female breasts or a 

male torso, or either a male or female buttocks. Trials of the neutral condition also had a 

designated location for a critical distractor, but a neutral image was always presented at 

that location, and all other locations of the display. 

Probe targets were assigned to a location of the display so that they always 

occurred at a different location from the one previously occupied by the target of the 

prime event. Probe targets, however, were pseudo-randomly assigned to occur in the 

same location at which the critical distractor of the prime event was being presented on 

1/3 of trials, and equally as often in either of the two remaining available locations 

(remaining positions not previously occupied by a prime target or a critical distractor) for 

the remaining 2/3 of trials in the display, with the restriction that it occur an equal 

number of times across the four possible locations at which the target of the prime event 

could be presented. Moreover, the border type-to-position combinations were assigned 

pseudo-randomly to probe event trials with the restriction that the border type used to 

identify the target item (in any given combination) corresponded to the location occupied 

by the probe target in the probe display. Pseudo-randomization was accomplished 

through randomization services provided by Random.org. As in Pilot Study 2a, the type 

of border designating the target item in each display was the same throughout each 
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experimental session. Four counterbalanced versions, one for each type of border, were 

thus created. The order of presentation of trials from each of the conditions was 

randomized for each version. 

With the purpose of allowing participants to familiarize themselves with the 

experimental task, twelve practice trials were provided at the beginning of the 

experimental session. The practice trials were generated by assigning a neutral target 

image and three neutral distractor images to each location in each of the 12 pairs of 

displays required for prime and probe events. Every border type-to-position combination 

was assigned to one of the displays, with the restriction that the target in the prime event 

and the target in the probe event were not presented at the same location on any given 

trial. No emotional distractors were presented in the prime displays of the practice trials. 

Factors of central interest in the present experiment were; a) the influence of the 

type of distractors that were presented during the prime event on performance in response 

to the probe event; b) whether presenting the target of the probe event in the same 

location of the display as the location that the critical distractor was presented at during 

the prime event had specific consequences on performance of the visual search task, and; 

c) whether overlap in perceptual similarity between the prime and probe events could 

enhance either of those aforementioned effects. As a result of the procedure used to 

generate trials and as a function of the factors of central interest to the study, the design 

contributed 48 trials to each of the control and emotional distractor conditions and 96 

trials to the neutral distractor condition. Regarding whether the critical distractor in the 

prime display and the target in the probe display occurred at the same location, the design 

contributed 16 trials for each of the control and emotional distractor conditions, and 32 
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trials in which these items were presented at a different location (16 as a function of the 

first available position and 16 as a function of the second available position). 

For trials of the neutral distractor condition, the location otherwise designated for 

a critical distractor in the control and emotional distractor conditions always contained a 

regular neutral image. The procedure used to designate the location of the target during 

the probe event was the same as that used for the emotional and control distractor 

conditions, ensuring an equal proportion of trials across conditions. As a result, there 

were 96 trials in which the probe target always occurred at the location at which a neutral 

prime distractor had been presented, but of these trials, 32 involved the presentation of 

the target during the probe event at a location that was only designated as a critical 

distractor location, whereas for another 64 trials the target of the probe event was 

presented in one of the two remaining distractor locations that were not previously 

occupied by a target in the prime event. As for the factor of perceptual overlap between 

the prime and probe events, the design contributed to each the control and emotional 

distractor conditions 24 trials with perceptual overlap between the prime and probe 

events, and 24 trials that did perceptually overlap. For the neutral distractor condition, the 

design contributed 48 trials that involved perceptual overlap between the prime and probe 

events, and 48 that did not perceptually overlap. 

 On trials of the neutral distractor condition, a neutral image was always presented 

at the target location along with three neutral images at the three distractor locations, 

during both the prime event and the probe event. For half of the trials, the contours of the 

image sets presented during the prime event and the probe event matched. On the 

remaining half of trials, the contours of the images of the prime and probe event were 
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different. On all trials, the location at which a target was presented during the probe event 

was always one at which a neutral distractor image had been presented during the prime 

event. However, for a third of the trials, the location of the target of the probe event was 

the same location of the display which had been designated as a critical distractor 

location (note, however, that the critical distractor was always a neutral image in this 

condition). On the other two thirds of the trials, the target of the probe event occupied 

either of the two remaining distractor locations, but never the location at which the target 

had been presented during the prime event. 

 On trials of the control distractor condition, a neutral target image was always 

presented with two neutral distractor images and an image from the control image set 

(hands vs. feet) presented at the designated critical distractor location during the prime 

event. During the probe event, neutral images were always presented at each of the target 

and three distractor locations. The contours of the images presented during the prime 

event and the probe event were the same on half of those trials, and different on the 

remaining half of those trials. For a third of each of these subsets of trials, the target 

presented during the probe event occurred at the location at which the critical distractor 

was presented during the prime event. For the other two thirds of the trials, the target of 

the probe event was presented at one of the two remaining available locations that had 

not been occupied by either the target or the critical distractor during the prime event. 

 

Design and Analysis 

Data from participants having performed at a minimum level of 80% accuracy or 

greater overall were analyzed. Data contributed from 6 participants who performed at a 
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level of accuracy below 80% were excluded from further analyses. Of these, the accuracy 

of two participants approached the cutoff criterion and the accuracy of the remaining four 

averaged 28% accuracy. Further to a response cutoff of 3000 ms that was integrated a 

priori into the experiment, a post hoc cutoff of 200 ms minimum for response times was 

used to filter out extremely rapid responses. This last cutoff resulted in the elimination of 

less than 1% of trials from analyses. 

In wanting to ensure that participants were demonstrating the expected differences 

(as was observed in Pilot Study 2a and b) in the performance during the prime event as a 

function of the type of distractors being presented, I conducted a preliminary set of 

analyses. Mean correct response times and proportion of errors in response to prime 

displays were submitted to separate repeated measures ANOVAs, with distractor 

condition (neutral vs. control vs. emotional) as the within-participants factor. 

The goal with the main analyses of Experiment 1 was to test whether any 

impairment in the performance of a localization task observed during the prime event 

would extend beyond the context of the immediate visual event, affecting in turn 

performance of the same task during the subsequent probe event. Of equal importance 

was the goal of evaluating the specificity of the influence of the attentional disruption of 

the prime event during performance during the probe event. In particular, the goal was to 

test whether disruptions to attention occurring during the prime event would influence 

attention on a general level during the probe event, or would generate more specific 

effects on attention tied to aspects of the experience (i.e., the location at which the critical 

distractor was presented). In particular, the analyses were aimed at testing whether there 

were any differences in terms of visual search for a target presented at a location during 
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the probe event following the presentation of a critical distractor image in that same 

location or a different one during the prime event. A secondary aim with the current 

analyses was to investigate the sensitivity of any such effect to a manipulation aimed at 

enhancing memory retrieval processes; in particular, the perceptual overlap between the 

prime event involving the recent exposure to an emotionally arousing distractor and a 

subsequent visual probe event. 

In addressing these questions, I submitted mean correct response times and 

proportion of errors for trials of the probe event for which the prime event was also 

successfully completed to separate 3 X 2 X 2 repeated measures ANOVAs with distractor 

condition (neutral vs. control vs. emotional), location of the probe target relative to the 

prime critical distractor (same vs. different), and perceptual overlap of prime and probe 

events (match vs. mismatch) as the within-participants factors. 

With the present design, the manipulation of whether the prime array contained 

either a regular or critical distractor in the same location as the subsequent probe target 

was relevant only for the trials of the control and emotional distractor condition, but not 

the neutral distractor condition. It follows that the discussion of any effect relevant to the 

presentation of a critical distractor at a location of the prime display that is either the 

same as, or different from the location of the target in the probe display is limited to the 

control and emotional conditions, as the trials of the neutral condition never included a 

critical distractor. 
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Results 

Prime Event 

 Table 4 contains the mean proportion of errors and mean response times for trials 

for which the prime and probe events were correctly completed. The analyses of the 

proportion of errors occurring during the prime events revealed a significant main effect 

of distractor condition, F(2,66) = 3.46, MSe = .00, p < .05, with a greater proportion of 

errors for prime events of the emotional distractor condition, relatively moderate for the 

control distractor condition, and lowest for the neutral distractor condition (.023 vs. .022 

vs. .012). Post hoc tests involving paired sample t-tests revealed the difference in error 

rates to be significant only for the neutral (M = .012, SD = .015) and emotional conditions 

(M = .023, SD = .031), t(33) = -2.16, p < .05, SEM  = .005, and the neutral and control 

conditions (M = .022, SD = .020), t(33) = -2.45, p < .05, SEM = .004, but not the control 

and emotional conditions t(33) = -.10, p > .05, SEM  = .005. 

The analysis of effects on response times during the prime events revealed a 

significant main effect of distractor condition, F(2,66) = 34.29, MSe = 4156.84, p < .001, 

with the greatest response times in the emotional distractor condition, followed by the 

control and neutral distractor conditions (953 ms vs. 866 ms vs. 827 ms). Post hoc paired 

sample t-tests indicated significant differences in all cases, with  t(33) = -6.45, p > .001, 

SEM = 19.59, for the neutral (M = 866, SD =140.86) and emotional conditions (M = 953, 

SEM = 200.03), t(33) = -4.80, p < .001, SEM = 8.12, for the neutral and control 

conditions (M  = 866, SD =153.54), and t(33) = -.10, p > .05, SEM = 16.85, for the 

control and emotional conditions. The present effects replicate the distractor effects 

observed in Pilot Studies 2a and 2b, confirming that the stimuli and procedure used in 
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Experiment 1a provided participants with an experience during which attention was 

efficiently disrupted during the performance of the visual search task of the prime event. 

 

Table 4 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to prime events in Experiment 1a, as a function of distractor condition 

(neutral vs. control vs. emotional). 

 

 

           Distractor Condition 

 

 

 Neutral    Control   Emotional                              

      

Prime Target    RT ERR    RT    ERR      RT     ERR 

 

  827 .012   866 .022   953   .023 

  (24.2)   (.003) (26.3)    (.003) (34.3)     (.005) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for prime events in each distractor condition. 

 

Probe Event 

 Table 5 contains the mean proportion of errors and mean response times for 

correctly completed probe events. The analyses of effects on the proportion of errors 

occurring during the probe event produced a significant interaction between distractor 

condition and relative location of the probe target to the prime critical distractor, F(2,66) 

= 5.59, MSe = .00, p < .01. Separate repeated measures ANOVAs were conducted on the 

proportion of errors for each distractor condition, with location of the probe target 

relative to the prime critical distractor as the within-participants factor. The analysis 

revealed that the interaction depended on the presence of an effect of the location of the 

probe target relative to the prime critical distractor in the control distractor condition 
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only, F(1,33) = 10.97, MSe = .00, p < .01. For trials of this condition, fewer errors 

occurred in response to the probe event when the target of the probe event was presented 

at the location at which the critical distractor was presented during the prime event 

relative to when the target of the probe occurred at some other location (.026 vs. .045). 

This effect was expected to take place in the emotional distractor condition also but it 

was not presently the case. One possibility that can be offered in explanation is that 

participants grew habituated to some extent to the presentation of the emotionally 

arousing images. However if this were the case, the effect should also have been absent 

in the control distractor condition. 

The analyses also revealed a main effect of perceptual overlap between the prime 

and probe events, F(1,33) = 8.05, MSe = .01, p < .01, and of distractor condition on 

errors, F(2,66) = 5.46, MSe = .00, p < .01, which interacted significantly, F(2,66) = 6.19, 

MSe = .03, p < .01. The effect of perceptual overlap indicated a higher proportion of 

errors overall during trials for which the image contours of the prime and probe events 

matched than when they mismatched (.048 vs. .030). The effect of distractor condition 

revealed that the greatest proportion of errors occurred in the neutral distractor condition, 

emotional distractor, and control distractor conditions, respectively (.046 vs. .039 vs. 

.036). Post hoc analyses involving paired sample t-tests between distractor conditions 

revealed the differences to be significant only between the neutral (M = .046, SD = .074) 

and emotional conditions (M = .039, SD = .069), t(33) = 2.13, p < .05, SEM = .004, and 

the neutral and control conditions (M = .036, SD = .061), t(33) = 2.90, p < .01, SEM = 

.004, but not the control and emotional conditions, t(33) = -1.17, p > .05, SEM = .003. 
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Albeit statistically significant, the minor nominal differences leading to the effects 

detected between these conditions may not support firm theoretical claims.  

The interaction encompassing the influences of both distractor condition and 

perceptual overlap between the prime and probe events was further analyzed by 

conducting separate repeated measures ANOVAs on the proportion of errors in each 

distractor condition with perceptual overlap between the prime and probe events as the 

within-participants factor. The tests revealed that the interaction was supported by 

different effects of perceptual overlap in each of the neutral and emotional distractor 

conditions. For trials of the neutral distractor condition, more errors occurred when the 

contours of the images matched across the prime and probe events than when they 

mismatched, F(1,33) = 7.53, MSe = .01, p < .01 (.082 vs. .010). The effect was in the 

same direction for trials of the emotional distractor condition, with more errors occurring 

on trials involving a match in contours of images across the prime and probe events, 

F(1,33) = 6.51, MSe = .01, p < .05 (.068 vs. .009). In the control distractor condition, 

however, the inverse effect occurred, with fewer errors being produced when the image 

contours matched across the prime and probe events relative to when they mismatched, 

F(1,33) = 5.02, MSe = .01, p < .05 (.011 vs. .061).  

The analyses of effects on response times for probe events produced a significant 

main effect of distractor condition on response times, F(2,66) = 8.91, MSe = 3963.69, p < 

.001, with response times slowest in the emotional distractor condition, followed next by 

the control distractor and neutral distractor conditions (827 ms vs. 803 ms vs. 796 ms). 

Post hoc analyses consisting of paired sample t-tests indicated that the differences in 

response times were only significant between the neutral (M = 796, SD = 134.69) and 
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emotional distractor conditions (M = 827, SD =144.45), t(33) = -4.86, p < .001, SEM = 

6.37, and the control (M = 803, SD = 134.93) and emotional distractor conditions, t(33) = 

-2.69, p < .01, SEM = 8.65, but not the neutral and control distractor conditions, t(33) = -

1.00, p > .05, SEM = 7.72. This effect provides clear evidence that the presentation of an 

emotionally-charged image during an initial visual event was not only disruptive to the 

performance of the visual search task during the presentation of the image, but also, that 

such stimuli had a more extensive influence on attention during a separate visual event. 

No other effects on probe event response times reached significance. 

Response times in the current experiment were over a hundred milliseconds faster 

than in Pilot Studies 2a and 2b, which suggests that participants had somewhat less 

difficulty performing the visual search task. This shift in response times was expected on 

the basis of the increase in difference between the border widths of the items in the 

displays. Despite the overall task having been easier, response times to the probe events 

nevertheless differed overall as a function of whether the prime experience involved a 

critical distractor. This finding supports the idea that recent disruptions to attention 

during the performance of a task have general consequences of distraction that extend 

beyond the context of the immediate visual environment in which they are encountered. 
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Table 5 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to probe events in Experiment 1a, as a function of distractor condition 

(neutral vs. control vs. emotional) and location of the probe target relative to the location 

of the prime critical distractor (same vs. different). 

 

 

           Distractor Condition 

 

 

 Neutral    Control   Emotional                              

      

Relative Location of 

Prime Distractor and 

Probe Target    RT ERR    RT   ERR      RT     ERR 

 

Matching Prime-Probe 

Image Contours 

  

 Same 799 .093 796 .005 846 .069 

  (26.5)   (.032) (28.5)   (.004) (26.8)     (.024) 

 

 Different 785 .071 798 .016 815 .067 

  (23.3)   (.019) (22.5)   (.005) (23.5)     (.021) 

  

 Overall 792 .082 797 .011 830 .068 

  (24.3)   (.025) (23.6)   (.003) (23.8)     (.023) 

  

Mismatched Prime- 

Probe Contours  

  

 Same 801 .009 813 .047 808 .007 

  (23.2)   (.004) (25.0)   (.018) (31.7)     (.004) 

  

 Different 797 .012 806 .074 837 .011 

  (23.3)   (.003) (26.1)   (.024) (27.1)     (.005) 

 

 Overall 799 .010 809 .061 823 .009 

  (22.5)   (.003) (24.0)   (.021) (27.6)     (.003) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for probe events in each distractor condition and by perceptual overlap and 

relative location of the probe target to the prime distractor. 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 110 

The absence of any contribution of perceptual overlap across the prime and probe 

events or of the location of the probe target relative to the critical distractor of the prime 

event to localization response times was unexpected. Such specific effects, however, 

were present to some extent in the errors, although those effects present some challenges 

from an interpretation perspective. It may be that the manipulation of perceptual overlap 

across the prime and probe events was ineffective in increasing memory retrieval enough 

to impact response times to the probe array.  

An alternative explanation may be that participants developed habituation to the 

images that were presented at the designated critical distractor location of the display. 

Consequently, the arousal associated with these may have weakened with exposure to the 

control and emotionally-charged images as the trials progressed. The occurrence of a 

significant effect of distractor type, however, does not readily support this view. A more 

parsimonious explanation would appear to be that the effect of the presentation of an 

emotionally-charged distractor appears to be non-specific to the location at which it was 

presented during the prime event. Experiment 1b was conducted to further investigate the 

location-specific influence of the presentation of emotionally-charged distractors during 

the prime event on performance during the probe event. By reducing the likelihood that 

participants would habituate to the presentation of emotional-charged distractors by 

virtue of exposure to the control images, participants’ memory representation for prime 

events that included emotionally-charged stimuli may be more likely to involve 

information on the location at which such items were presented.  In turn, location-specific 

influences of exposure to emotionally-charged distractors during the prime event on 

probe event performance should be more readily discerned. 
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Experiment 1b 

The presentation of either control images or emotionally-charged images at the 

designated critical distractor location of the prime event in Experiment 1a resulted in the 

presentation of a total of 96 images of nude body parts. Experiment 1b was aimed at 

addressing the possibility that the absence of location-specific or contour-specific effects 

observed in Experiment 1a may have been obscured by the relatively common occurrence 

of emotional images presented at the critical distractor locations. For this purpose, a 

smaller subset of trials involving a critical distractor depicting a nude body part were 

presented relative to trials in which no such image was presented. With a reduced number 

of these trials, sensitivity to the content of such a critical distractor might increase, in turn 

resulting in greater effectiveness of these as distractors during their presentation, and 

optimizing the specificity of their influence on performance of the visual search task 

during the probe event. 

 

Participants 

 Thirty-eight participants were recruited from Introductory Psychology at the 

University of Manitoba to take part in the study. Participants were compensated with 

partial course credit in exchange for taking part in the study. Participants included 23 

females and 15 males with a mean age of 20. All participants reported normal or 

corrected to normal vision. 
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Apparatus and Stimuli 

 The apparatus and stimuli for Experiment 1b were identical to those described in 

Experiment 1a, with the exception that the control distractor condition was eliminated. As 

a result, the present study involved the use of 1456 images in total, of which 1408 were 

neutral and 48 consisted of emotionally-charged images. 

 

Procedure 

The procedure was the same as Experiment 1a in nearly all respects, with a few 

exceptions. The trials from the control distractor condition were eliminated entirely, 

resulting in there being double the amount of neutral trials (98) than there were trials of 

the emotional distractor condition (48). The modification resulted in the presentation of 

critical distractors being only half as likely to occur in any given trial. 

The contribution of trials to each of the distractor conditions was now 96 for the 

neutral distractor condition and 48 for the emotional distractor condition. In terms of the 

location of the target of the probe event relative to the location of the critical distractor in 

the prime event display, the design contributed, for trials of the emotional distractor 

condition, 16 trials in which the critical distractor in the prime event and the target of the 

probe event were presented at the same location, and 32 trials in which these items were 

presented at a different location. For the neutral distractor condition, the location at which 

a critical distractor would have otherwise occurred at in the emotional distractor 

condition always contained a regular neutral image, resulting in 96 trials in which the 

probe target always occurred at the location at which a neutral prime distractor had been 

presented. The manipulation of perceptual overlap between the prime and probe events 
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contributed 24 trials with perceptual overlap between the prime and probe events, and 24 

trials for the emotional distractor condition that did not, and another 48 trials for the 

neutral distractor condition involving perceptual overlap between the prime and probe 

events, and 48 that did not. All other aspects of the procedure were identical to 

Experiment 1a. 

 

Design and Analysis  

Data from participants having performed at a minimum level of 80% accuracy 

were analyzed. As a result of this criterion, data from 5 participants were excluded from 

analyses. Of these cases, accuracy approximated the criterion in one case, and averaged 

27% in the remaining cases. In addition to a response cutoff of 3000 ms that was 

integrated into the experiment, a post hoc response cutoff of 200 ms minimum for 

response times was applied, resulting in less than 1% of trials being eliminated from 

analyses. 

A preliminary set of analyses were performed with separate repeated measures 

ANOVAs on mean correct response times and proportion of errors for prime displays, 

with distractor condition (neutral vs. emotional) as the within-participants factor. For the 

main analyses, mean correct probe response times and proportion of errors were 

submitted to separate 2 X 2 X 2 repeated measures ANOVAs with distractor condition 

(neutral vs. emotional), relative location of the probe target to the prime critical distractor 

(same vs. different), and perceptual overlap of prime and probe events (match vs. 

mismatch) as the within-participants factors. As with Experiment 1a, the manipulation of 

whether the prime array contained either a neutral or an emotionally arousing image at 
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the same location at which the target was presented at during the probe event was 

relevant only to the trials of the emotional distractor condition. The results discussed 

were limited to that restriction, as appropriate. 

 

Results 

Prime Event 

 Mean proportions of errors and mean response times for trials involving correctly 

completed prime and probe events are presented in Table 6. The analyses of the 

proportion of errors produced a significant main effect of distractor condition, F(1,32) = 

16.67, MSe = .00, p < .001. The proportion of errors was higher for prime events of the 

emotional distractor condition compared to trials of the neutral distractor condition (.024 

vs. .011). 

 The analysis performed on response times revealed a significant main effect of 

distractor condition, F(1,32) = 46.01, MSe = 5896.94, p < .001, with the greatest response 

times for trials of the emotional distractor condition, relative to the neutral distractor 

condition (926 ms vs. 798 ms). These results again confirmed that the stimuli used in the 

present procedure were an efficient source of disruption to performance of the visual 

search task during the prime event. 
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Table 6 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to prime events in Experiment 1b, as a function of distractor condition 

(neutral vs. emotional). 

 

 

 Distractor Condition 

 

 

 Neutral  Emotional                               

      

Prime Target    RT ERR    RT    ERR      

 

  798 .011   926 .024   

  (28.1)   (.002) (43.6)    (.004)  

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for prime events in each distractor condition. 

 

Probe Event 

Mean proportions of errors and mean response times for correctly completed 

probe events are presented in Table 7. The analysis of effects on the proportion of errors 

for the probe event produced a significant main effect of perceptual overlap between the 

prime and probe events, F(1,32) = 11.36, MSe = .05, p < .01, that significantly interacted 

with distractor condition, F(1,32) = 8.41, MSe = .00, p < .01. To further clarify the 

interaction, mean proportion of errors for each distractor condition were submitted to 

separate repeated measures ANOVAs, with perceptual overlap (matching image contours 

vs. mismatching contours) as the within-participants factor. The analyses revealed a 

significant effect of perceptual overlap, whereby greater errors occurred on trials on 

which the contours of the images matched than on trials in which they mismatched in 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 116 

both the neutral distractor (.121 vs. .013), F(1,32) = 6.70, MSe = .02, p < .001, and the 

emotional distractor conditions (.101 vs. .023), F(1,32) = 9.27, MSe = .01, p < .01. 

Although there are other complexities to consider when control category images 

(i.e., hands/feet) were included as critical distractors in the design in Experiment 1a, the 

combined error rate outcome for Experiments 1a and 1b suggests that perceptual 

similarity across the prime and probe events has a relatively disruptive influence on 

localization of the probe target. In particular, perceptual similarity between the prime and 

probe array may be more so supportive than perceptual dissimilarity between the prime 

and probe array of interference resulting from retrieval processes engaged at the time of 

the probe event. On the basis that the location of the target during the probe event 

differed on all trials from the location of the target in the prime event array, the 

localization response required during the probe event was always different from the 

response required during the prime event. Consequently, any support for engaging 

retrieval of the localization response produced during the prime event would increase the 

likelihood that an incorrect response be generated during the probe event. Observations 

that partial match between a prime and a probe task can generate either higher error rates 

or slower response times or both has a long history, by now (see Leboe, Leboe, & 

Milliken, 2010, for a review). 
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Table 7 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to probe events in Experiment 1b, as a function of distractor condition 

(neutral vs. emotional) and location of the probe target relative to the location of the 

prime critical distractor (same vs. different). 

 

 

                    Distractor Condition 

 

 

  Neutral  Emotional                         

      

Relative Location of 

Prime Distractor and 

Probe Target         RT  ERR          RT     ERR 

 

Matching Prime-Probe 

Image Contours 

  

 Same   775 .141  808 .108 

     (28.3)           (.039)      (32.1)            (.028) 

 

 Different  757             .100      799               .093 

      (24.2)           (.023)      (29.3)            (.024) 

 

 Overall     766             .121      804 .101 

      (25.4)           (.031)      (29.8)   (.025) 

  

Mismatched Prime- 

Probe Contours  

  

 Same     777             .013      778  .028 

      (28.3)           (.005)      (32.8)    (.013) 

 

 Different 762             .014      797 .018 

      (26.5)           (.004)      (29.5)    (.006) 

 

 Overall    769            .013      788  .023 

      (27.1)          (.003)      (30.2)   (.007) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for probe events in each distractor condition and by perceptual overlap and 

relative location of the probe target to the prime distractor. 
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In addition, there was a significant overall effect of the location of the probe target 

relative to the prime critical distractor on errors, F(1,32) = 8.40, MSe = .00, p < .01, with 

more errors occurring on trials for which the target of the probe event was presented at 

the location at which a critical distractor had just been presented during the prime event, 

relative to where a neutral distractor had just been presented (.071 vs. .056). However, 

because trials of the neutral distractor condition never contained a critical distractor, this 

effect is only readily interpretable for the emotional distractor condition and would have 

been expected to be limited to the emotional distractor condition. In the trials of the 

emotional distractor condition, the location of the critical distractor was balanced to occur 

equally as often across the non-target locations, whereas in trials of the neutral distractor 

condition, all three non-target locations were occupied by a neutral distractor image. One 

possibility in explaining the presence of such an effect across the emotional and neutral 

distractor conditions would be that participants developed sensitivity of sorts to an aspect 

of the design which is not presently apparent, and that it influenced their ability to 

localize and respond to the target of the probe event. A similar possibility is that 

participants may have developed a sensitivity to the specific border combinations of the 

trials of the emotional distractor condition in that the presence of an emotionally-charged 

image in the displays of these trials could have been distinctive enough such that details 

about the visual context in which these were presented were encoded into richer memory 

representations. In turn, encountering these border type-to-position combinations during 

trials of the neutral distractor condition, in spite of the absence of an emotionally-charged 

distractor image, could have engaged access, through memory retrieval processes, to 

prior experiences of trials involving the same border combinations during which an 
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emotionally-charged distractor image was presented. As a consequence, an indirect or 

lingering “ghost” effect of emotionally-charged distractors (and their locations) on 

responding to probe targets in the neutral distractor condition may have occurred. This 

possibility, however, seems unlikely as targets for the probe events of each distractor 

condition were pseudo-randomly assigned to locations and were unlikely to produce trials 

with the exact same specifications for both conditions. 

More critically, the analysis of effects on mean response times for the probe event 

produced a main effect of search condition on response times, F(1,32) = 8.62, MSe = 

6064.37, p < .01, with slower response times occurring during trials of the emotional 

distractor condition relative to trials of the neutral condition (796 ms vs. 768 ms). There 

were no other significant interactions or overall effects on mean response times. These 

results are revealing that the impairment in localizing the target during the probe event 

depends on the presentation of an emotionally-charged distractor in the prime event 

array, whereas the location at which that item appears to be inconsequential in supporting 

more specific effects. Moreover, the absence of an interaction between search condition 

and perceptual overlap on response times reveals that the impairments reflected in the 

proportion of errors supported by memory retrieval processes at the time of the probe 

event did not extend to an influence on the speed of target localization. 

The set of results from the present experiment largely replicates what was found 

in Experiment 1a. In particular, the results suggest that the disruptive influence that 

emotionally arousing distracting information has on attention during its immediate 

presentation extends to attention during a subsequent and separate visual event. Further, 

such effects appear to influence performance of target localization on a global level rather 
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independently of the specific location at which the emotionally-charged distractor was 

presented during the prime event, as reflected by an overall slowing in target localization 

both during exposure to these critical distractor images and subsequently during the probe 

events. Further, the pattern of effects on probe response times in the current experiment 

are highly similar to those produced in Experiment 1a, even when the likelihood of a 

critical distractor image (either control or emotional) was reduced through the elimination 

of trials of the control distractor condition. Presumably, any habituation to the 

presentation of critical distractor images would have otherwise been mitigated to some 

extent in Experiment 1b. 

 

Experiment 2 

An aspect of the design of Experiment 1a and 1b was that the target of the probe 

display was never presented at the same location at which a target was presented at 

during the prime event. The intention behind this detail of the design was to prevent the 

possibility that presenting the target during the prime event might prime attention to a 

target presented at that location during the probe event. In turn, this would have made it 

difficult to observe the influence of the location of a critical distractor presented during 

the prime on responding to the target presented during the probe event. In Experiment 2, 

that aspect of the design was reincorporated, allowing a test of the competing influence 

from both task-relevant and task-irrelevant sources of information presented during the 

prime event on attention during the probe event. It was anticipated that the presentation 

of a critical distractor during the prime event would persist in its influence on 

performance of the visual search task during the probe event. This effect was expected to 

occur in spite of conditions favoring responding to the probe target, namely, when the 
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target item of the probe event was presented at the same location at which the target was 

presented during the prime event. Thus, the influence of a recent exposure to an effective 

source of distraction during a recent visual event on subsequent attention was expected to 

be sufficiently robust to reduce any benefit which could otherwise be observed under 

such conditions.   

 

Participants 

 Forty participants from Introductory Psychology at the University of Manitoba 

were recruited to take part in the study in exchange for partial course credit. The sample 

included 28 females and 12 males with a mean age of 19. Normal or corrected to normal 

vision was reported by all participants. 

 

Apparatus and Stimuli 

 The stimuli that were used were identical in content and number to those used for 

Experiment 1a, with a total of 2032 images required. Of these, 1392 were neutral images, 

48 were control images, and another 48 were emotionally-charged images. All other 

aspects of the apparatus and stimuli were the same as for Experiment 1a. 

 

Procedure 

 All aspects of the procedure were identical to Experiment 1a with some 

exceptions with regard to the generation of trials, at the level of the assignment of the 

target of the probe event to a location in the display. A total of 192 probe event displays, 

each of which corresponded with an existing prime event, were prepared using the same 
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procedure as was used in Experiment 1. In the present experiment, however, the probe 

target item was presented at either the same location as the target item of the prime event, 

or at a different location. Moreover, it never occurred at the location at which the critical 

distractor was presented during the prime event. The procedure for assigning the target of 

the probe event to a location of the display was highly similar to Experiment 1a. The 

target was pseudo-randomly assigned such that for 1/3 of trials it was presented at the 

same location as the target of the prime event. For the remaining 2/3 of trials, it was 

assigned equally as often to either of the two remaining available locations not previously 

occupied by either the prime target or the critical distractor (depending on the condition). 

The only restriction was that the target had to be presented an equal number of times 

across the four possible locations that the target of the prime event could occupy. Border 

type-to-location combinations were then assigned pseudo-randomly to probe event trials 

as they were in Experiment 1a. 

The factors of interest in Experiment 2 consisted of a) the effect of the type of 

distractors presented during the prime event on performance of the visual search task 

during the probe event; b) whether effects related to the presentation of a critical 

distractor during the prime event would have different effects on performance of the 

visual search task during the probe event depending on whether the target of the prime 

and probe events occurred at the same or different locations of the displays for both the 

prime and probe events, and; c) the influence of overlap in perceptual similarity between 

the prime and probe events. On the basis of the factors of interest just described and the 

changes involved in the procedure used to generate trials, the design contributed 48 trials 

to each of the control and emotional distractor conditions and 96 trials to the neutral 
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distractor condition. With regards to the manipulation of whether the targets of the prime 

and probe events were presented in the same or different locations of the prime and probe 

event displays, the design contributed for each the control and emotional distractor 

conditions 16 trials in which the targets of the prime and probe events of a trial occurred 

in the same location, and 32 trials in which these items were presented at a different 

location (16 as a function of the first available location and 16 as a function of the second 

available location). For trials of the neutral distractor condition, the location otherwise 

designated for a critical distractor in the control and emotional distractor conditions 

instead always contained a neutral image. However, one of the regular distractor 

locations of every trial was designated as a critical distractor location and the location at 

which the target would be presented for the probe event was determined the same way as 

it was for trials of the control and emotional distractor conditions. Consequently, the 

target of the probe event occurred at the same location as the target of the prime event on 

32 of the trials, and at a different location than the target of the prime event on 64 of the 

trials. With respect to the manipulation of perceptual similarity between the prime and 

probe events, 24 trials were contributed to each the control and emotional distractor 

conditions in which there was perceptual overlap between the prime and probe events 

(square image contours for items in both events or circular image contours for items in 

both events), and 24 trials were contributed in which the events did not perceptually 

overlap (square item contours for items of the prime event and circular image contours 

for items of the probe event, or the reverse). For the neutral distractor condition, 48 trials 

involved perceptual overlap between the prime and probe events, and 48 did not. 
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 For trials of the neutral distractor condition, a neutral image was always presented 

at the target location and at all three remaining distractor locations of the display during 

each the prime and probe events. On half of those trials, the image contours matched 

across the prime and probe event, and they mismatched on the remaining half of those 

trials. For all trials, the probe target was presented at a location of the display at which a 

neutral distractor image had been presented during the prime event. In contrast to 

Experiment 1a, on a third of the trials, the probe target occurred at the location at which 

the prime target had been presented. On the remaining two third of trials, the probe target 

occurred at one of the locations of the display that had been occupied by a neutral 

distractor image during the prime event and that had not been designated for the critical 

distractor. The item presented at that designated location was always a neutral image, but 

was so designated to allow for trials of the neutral distractor condition to be constructed 

in the same manner as trials of the other two conditions. The target of the probe event 

nevertheless appeared equally as often across all locations of the display, across the trials 

of the neutral distractor condition. 

 For the control distractor condition, a neutral image was presented at the target 

location and at each of two distractor locations, and a control image (hands vs. feet) was 

presented at the designated critical distractor location during the prime event of each of 

the trials. During the probe events of each of these trials, a neutral image was presented at 

each of the target and three distractor locations of the display. On half of the trials, the 

contours of the images of the prime event and of the probe event matched, and on the 

other half of such trials, they mismatched. On a third of each of these subsets of trials, the 

probe target was presented at the same location as the target of the prime event had been 
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presented. On the remaining two thirds of each of these subsets of trials, the probe target 

was presented equally as often at either of the remaining available locations not 

previously occupied by a target or a critical distractor during the prime event. 

 During the prime event of the emotional distractor condition, a neutral image was 

always presented at the target location, along with two neutral images at two of the 

distractor locations, and an emotionally-charged image (buttocks vs. breasts/torsos) at the 

designated critical distractor location during the prime event. During the probe event, a 

neutral image was always presented at the target location and at each of the three 

distractor locations. On half of the trials, the contours of the images in the array matched 

across the prime and probe events, and on the remaining half, they did not match. For a 

third of each of these subsets of trials, the target of the probe event was presented at the 

location which had been occupied by the target of the prime event. For the remaining two 

thirds of the trials, the target of the probe event was presented equally as often at either of 

the two remaining locations in the display not designated for a target or the critical 

distractor during the prime event. For all trials in all conditions, the target of the probe 

event was never presented at the location at which a critical distractor was presented 

during the prime event. The order in which trials from each condition were presented was 

randomized. All other aspects of the procedure were identical to Experiment 1a. 

 

Design and Analysis 

Analyses were performed on data from participants whose performance accuracy 

was 80% or greater, resulting in the exclusion of the data of 7 participants from further 

analyses. The accuracy of five participants approximated, but was short of the criterion, 
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and the remaining three averaged 32% accuracy. In addition to a response cutoff of 3000 

ms that was integrated into the experiment. An a priori response cutoff of 3000 ms and a 

post hoc cutoff of 200 ms minimum for response times resulted in less than 1% of trials 

being eliminated from analyses. 

Preliminary analyses were performed to ensure that participants’ performance at 

the visual search task during the prime event was disrupted by the presentation of critical 

distractors. Separate repeated measures ANOVAs were performed on mean correct 

response times and proportion of errors in response to the prime display, treating 

distractor condition (neutral vs. control vs. emotional) as the within-participants factor. 

My goal with the main analyses was to investigate the extent to which any effects 

on the performance of the visual search task during the prime event might also influence 

performance of the visual search task during a subsequent visual event. The analyses 

were also aimed at testing whether any such effects would be in competition with the 

concurrent priming of the location of the target of the probe event by the presentation of 

the target of the prime event at that location. Such an effect was expected to be revealed 

by a main effect of the location of the probe target relative to the location of the prime 

target. The main analyses also involved a test of whether any effects on performance 

during the probe event were sensitive to the perceptual similarity between the prime and 

probe events. To address these questions, separate 3 X 2 X 2 repeated measures 

ANOVAs were performed on mean proportion of errors and correct probe response times 

for trials on which the prime event was also successfully completed, with distractor 

condition (neutral vs. control vs. emotional), location of the probe target relative to the 
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location of the prime target (same vs. different), and perceptual overlap of the prime and 

probe events (match vs. mismatch) as the within-participants factors. 

 

Results 

Prime Event 

 The mean proportion of errors and mean response times for trials for which the 

prime and probe events were correctly completed are presented in Table 8. From the 

analyses of the proportion of errors made during the prime event, a significant effect of 

distractor condition emerged, F(2,64) = 5.29, MSe = .00, p < .01, with more errors 

occurring in the control distractor and emotional distractor conditions, followed by the 

neutral distractor condition (.030 vs. .027 vs. .013). Post hoc paired sample t-tests 

confirmed the difference between the neutral (M = .013, SD = .020) and control (M = 

.031, SD = .029), t(32) = -3.54, p < .001, SEM = .005, and between the neutral and 

emotional (M = .028, SD = .028) distractor conditions to be significant, t(32) = -2.54, p < 

.05, SEM = .006, but this was not the case for the control and emotional distractor 

conditions, t(32) = .433, p > .05, SEM = .006.  

 Similarly, the analysis on response times during the prime event produced a 

significant main effect of distractor condition, F(2,64) = 32.35, MSe = 5197.60, p < .001, 

with response times the greatest in the emotional distractor condition, followed by the 

control distractor and neutral distractor conditions (924 ms vs. 812 ms vs. 791 ms). Post 

hoc paired samples t-tests indicated significant differences between each the neutral (M = 

791, SD = 174.75) and control (M = 813, SD = 193.60), t(32) = -2.28, p < .05, SEM = 

9.51, the neutral and emotional (M = 924, SD = 244.19), t(32) = -5.85, p < .001, SEM = 
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22.75, and control and emotional distractor conditions, t(32) = -6.07, p < .001, SEM = 

18.36. These preliminary results again confirm that participants experienced different 

levels of disruption in their performance of the localization task during the prime event as 

a function of the type of distractors presented during the event. 

 

Table 8 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to prime events in Experiment 2, as a function of distractor condition 

(neutral vs. control vs. emotional). 

 

 

                    Distractor Condition 

 

 

  Neutral    Control    Emotional                              

      

Prime Targets    RT   ERR     RT    ERR        RT      ERR 

 

   791   .013 813 .030 924 .027 

   (30.4)    (.004) (33.7)   (.005) (42.5)     (.005)  

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for prime events in each distractor condition. 

 

Probe Event 

 The mean proportion of errors and mean response times for correctly completed 

probe events are presented in Table 9. The analyses of effects on the proportion of errors 

that occurred during the probe event revealed a significant 3-way interaction between 

distractor condition, relative locations of the prime and probe targets, and perceptual 

overlap between the prime and probe events, F(2,64) = 3.80, MSe = .01, p < .05. The 

proportion of errors in each distractor condition was submitted to separate repeated 

measures ANOVAs with the remaining two manipulations as the within-participants 
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factors. The source of the interaction was a significant interaction between the relative 

locations of the prime and probe targets and perceptual overlap across the prime and 

probe events for the control distractor condition only, F(1,32) = 11.16, MSe = .01, p < .01. 

Further tests involved submitting errors for trials of this condition during which the prime 

and probe targets were presented in either the same or different location to two repeated 

measures ANOVAs, with perceptual overlap of the events as the within-participants 

factor. The test indicated a significant effect of perceptual match on trials of the control 

distractor condition for which the prime and probe targets occurred in the same location 

across the prime and probe events, F(1,32) = 631.96, MSe = .00, p < .001. Errors were 

therein more likely when the contours of the images presented during the prime and 

probe events mismatched than when they matched (.150 vs. .020). 

Further effects produced by the analysis were generally in keeping with the three-

way interaction. A main effect of each distractor condition, F(2,64) = 27.80, MSe = .00, p 

< .001, and the location of the probe target relative to the prime target, F(1,32) = 7.93, 

MSe = .00, p < .01, on errors were significant, and significantly interacted, F(2,64) = 9.51, 

MSe = .00, p < .001. The main effect of distractor condition indicated a greater likelihood 

of errors on trials within the neutral distractor condition, relatively moderate errors 

occurred during the control distractor condition and the least errors occurring during the 

emotional distractor condition (.044 vs. .042 vs. .038). Post hoc paired samples t-tests 

revealed significant differences between the proportion of errors of the neutral (M = .044, 

SD = .081) and control (M = .042, SD = .051), t(32) = -1.94, p > .05, SEM = .006, and 

neutral and emotional (M = .038, SD = .061) distractor conditions, t(32) = 2.80, p < .01, 
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SEM = .005, but not between the control and emotional distractor conditions, t(32) = 

5.87, p < .001, SEM = .004. 

The effect of the location of the probe target relative to that of the prime target on 

errors suggested a greater proportion of errors taking place overall during the probe event 

of trials that involved the presentation of the probe target in the same location as the 

prime target (.054 vs. .042). Initially, such an effect may appear counterintuitive, given 

the anticipation of a spatial priming effect. With the current design, however, the location 

of the probe target was the same as the prime target on 1/3 of trials. Participants may 

have become sensitive to such a match in location and aimed to capitalize on any 

predictive value associated with the location of the prime target, in turn resulting in 

greater errors. The explanation of the production of such anticipatory errors seems to be 

supported by more rapid response times having occurred for those trials, as revealed in 

the analyses conducted on response times. 

The interaction between distractor condition and location of the probe target 

relative to the prime target, F(2,64) = 9.51, MSe = .00, p < .001 was further analyzed with 

the performance of separate repeated measures ANOVAs on proportion of errors in each 

distractor condition with probe target location relative to the prime target location as the 

within-participant factor revealed the interaction was based on the presence of a 

significant effect in the control distractor condition only, F(1,32) = 27.14, MSe = .00, p < 

.001. For trials of that condition, more errors were produced when the targets of the prime 

and probe events occurred in the same location of the display than at different locations 

(.085 vs. .042), consistent with the three-way interaction reported above. 
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In addition, an overall effect of perceptual overlap between the prime and probe 

events was also significant, F(1,32) = 36.35, MSe = .00, p < .001, indicating that errors 

were more likely in occurrence when the contours of the images mismatched across the 

prime and probe events relative to when they matched (.055 vs. .048). This factor also 

significantly interacted with distractor condition in its influence on the proportion of 

errors, F(2,64) = 23.55, MSe = .00, p < .001. Repeated measures ANOVAs with 

perceptual overlap as a within-participant factor were performed on errors in each 

distractor condition. The analyses revealed effects of perceptual overlap in each distractor 

condition. For the neutral distractor condition, errors were more likely on trials on which 

the contours of the images mismatched across the prime and probe events than when they 

matched (.053 vs. .028), F(1,32) = 6.93, MSe = .01, p < .05. The same was true for trials 

of the emotional distractor condition, though errors were overall less likely than in the 

neutral distractor condition (.047 vs. .030), F(1,32) = 4.30, MSe = .00, p < .05. In contrast, 

for trials of the control distractor condition, more errors occurred when the image 

contours mismatched across the prime and probe events than when they matched (.107 

vs. .020), F(1,32) = 45.74, MSe = .00, p < .001. 

The analyses of effects on mean response times for probe events revealed a 

significant interaction between distractor condition, location of the probe target relative to 

the prime target, and perceptual overlap between the prime and probe events, F(2,64) = 

4.32, MSe = 4214.99, p < .05. Mean response times for each distractor condition were 

submitted to separate repeated measures ANOVAs to clarify the source of the interaction, 

with the location of the probe target relative to the prime target (same vs. different) and 

perceptual overlap between the events of the trial (match vs. mismatch) as the within-
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participant factors. The analysis revealed the presence of an interaction between the 

location of the probe target relative to the prime target and perceptual overlap between 

the events in the control distractor condition only. Separate ANOVAs performed on 

response times on trials of that condition for which the targets of the prime and probe 

events were presented in the same location of the displays and for trials wherein they 

were presented in different locations of the display indicated an effect of perceptual 

overlap between the displays for only trials in which the targets of the prime and probe 

event occurred at the same location across the events, F(1,32) = 10.52, MSe = 9439.86, p 

< .01. On those trials, response times were about 77 ms more rapid when the contours of 

the images presented in the prime and probe event matched. Such an effect reveals that 

performance during the probe event is to some extent sensitive to the memory-enhancing 

manipulation of perceptual overlap between the prime and probe events. 

Generally consistent with effects contained within this larger interaction was a 

significant effect of the location of the probe target relative to the location of the prime 

target, F(1,32) = 37.46, MSe = 21975.77, p < .001, indicating that response times were 

nearly 100 ms shorter for trials on which the targets were presented in the same location 

of the display than when they were presented in different locations (806 ms vs. 717 ms). 

This result suggests the presence of a spatial priming effect for prime and probe targets, 

supporting facilitation in response to a probe target when it occurred at a location at 

which a target was just recently presented at during the prime event.  

Also significant was a main effect of distractor condition, F(2,64) = 9.88, MSe = 

6505.16, p < .001, which interacted with perceptual overlap between the prime and probe 

events, F(2,64) = 4.40, MSe = 5864.25, p < .05. On its own, the effect of distractor 
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condition suggested that response times were the largest in the emotional distractor 

condition, followed next by the control distractor and neutral distractor conditions (782 

ms vs. 753 ms vs. 738 ms), producing the same general cross-event disruption in task 

performance during the probe event as was observed in Experiment 1a. Post hoc paired 

samples t-tests revealed significant differences between the neutral (M = 739, SD = 

149.35) and control distractor conditions (M = 753, SD = 143.57), t(32) = -2.49, p < .05, 

SEM = 6.04, neutral and emotional distractor conditions (M = 782, SD = 157.95) , t(32) = 

-4.36, p < .001, SEM = 9.97, and the control and emotional distractor conditions, t(32) = -

2.25, p < .05, SEM = 12.64. 

The interaction between distractor condition and perceptual overlap between the 

prime and probe events was further analyzed with separate ANOVAs conducted on 

response times for each distractor condition. The analysis revealed that the basis of the 

interaction was the presence of an effect of perceptual overlap between the prime and 

probe events for the control distractor condition only, and not the neutral distractor or 

emotional distractor conditions. For trials of the control distractor condition, response 

times were on average 38 ms more rapid for trials on which the contours of the images 

were the same across the prime and probe events than for trials on which the contours 

differed (734 ms vs. 772 ms). 
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Table 9 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to probe events in Experiment 2, as a function of distractor condition 

(neutral vs. control vs. emotional) and location of the probe target relative to the location 

of the prime critical distractor (same vs. different). 

 

 

                    Distractor Condition 

 

 

  Neutral   Control    Emotional                              

      

Relative Location of 

Prime and Probe 

Targets    RT   ERR     RT    ERR        RT      ERR 

 

Matching Prime-Probe 

Image Contours 

  

 Same   688   .040 672 .020 746 .037 

   (26.8)    (.011) (22.6)   (.008) (31.4)     (.011) 

 

 Different  787   .036 797 .150 834 .040 

   (28.6)    (.011) (30.0)   (.008) (36.7)     (.015) 

  

 Overall  738   .038 734 .085 790 .039 

   (26.6)    (.011) (24.3)   (.007) (31.6)     (.012) 

  

Mismatched Prime- 

Probe Contours  

  

 Same  684   .017 749 .020 733 .058 

   (24.3)    (.004) (29.0)   (.006) (25.1)     (.019) 

  

 Different  794   .070 796 .064 813 .019 

   (29.4)    (.027) (29.8)   (.023) (31.9)     (.006) 

 

 Overall 739   .044 772 .042 773 .038 

  (25.8)     (.015) (27.2)   (.011) (25.3)     (.009) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for probe events in each distractor condition and by perceptual overlap and 

relative location of the prime and probe targets. 
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Based on such findings, support for match in perceptual overlap as a driving 

factor supporting the influence of distracting information presented during the prime 

event on performance during the probe event is weak. Distractors may be peripheral to 

the goal task and may consequently be less likely to be accessed through retrieval 

processes than aspects of the prime event which are more directly central to performance 

of the goal task in the prime and probe event. Consequently, the response of having either 

ignored or responded to an item at a given location may have become more readily 

accessible through manipulations to perceptual overlap in some cases. The effects of 

presenting an observer with an emotionally-charged distractor during the prime event on 

performance during the probe event, however, may not have depended on other cognitive 

processes involved in processing that information as a distractor. 

Similarly to Experiment 1a and 1b, the present pattern of results demonstrated 

how exposure to a source of goal-irrelevant distracting information was disruptive to 

attention while it was present in the immediate visual environment of an observer. 

Moreover, the results reveal that influence on attention as extending beyond the visual 

context of presentation of that stimulus. Two key differences, however, should be noted 

between the present experiment and Experiments 1a and 1b. First, the critical distractor 

that was presented on some portion of the trials never occurred at a location at which the 

probe target then appeared. Second, the targets of the prime and probe events were 

presented in the same location across the prime and probe events on some of the trials, 

resulting in a competing influence working against the disruptive effects that exposure to 

a critical arousing distractor during the prime event might have had on attention. As in 

Experiments 1a, 1b, and 2, the presentation of the critical distractor may have remained 
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task-irrelevant for the purpose of the visual search task. The manipulation of its location 

relative to visual information which is most relevant to successfully performing the target 

localization task (border types), however, would allow a test of whether the presentation 

of the critical distractor when it is more integrated in the items relevant to responding to 

performing the central task results in different effects on attention during the probe event. 

The observation of different effects of the presentation of a critical distractor on probe 

target performance as a function of the spatial integration of that information with task-

relevant information to a relatively more or less central extent could potentially explain 

the absence of location-specific effects in Experiments 1a, 1b, and 2. 

 

Experiment 3 

Experiment 3 tested whether the presentation of a critical item during the prime 

event at a position of the display which rendered it either more or less integrated with key 

aspects of the display which were necessarily attended to during the visual search task 

would be influential to its effect on performance during both the prime and probe events. 

With this purpose in mind, the critical distractor image of trials of the control and 

emotional distractor condition were either presented at the location of the target item, or 

at the location of a distractor item. The expectation was that if attention can be distracted 

to a specific location at which the critical distractor image occurs during the prime event, 

the presentation of a critical distractor image at the target location of the prime event 

would result in faster responding when that location was occupied by the target. In 

contrast, the occurrence of the critical distractor image of a prime event at a distractor 

location was expected to draw attention away from the location occupied by the target, 
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resulting in poorer performance at the visual search task at the time of the prime event. 

Such specific effects would partly be predicted on the basis of the slower responding 

observed for prime events involving the presentation of critical items at distractor 

positions in Pilot Studies 2a and b, Experiments 1a and b, and in Experiment 2. Such a 

pattern of effects would support the idea that immediate effects of exposure to 

emotionally-charged stimuli are location specific, involving information on the spatial 

locations at which effectively distracting information is presented. If performance were 

influenced differently as a function of whether the critical distractor image was presented 

at a target position or at one of three distractor positions of the display, it would suggest 

that the influence that exposure to efficient sources of visual distraction involve specific 

information on the spatial location at which such information was encountered. 

Experiment 3 also tested whether the location at which a critical distractor image 

was presented during the prime event, either at the position of the target or not, might 

influence performance of visual search during the probe event. 

 

Participants 

Fifty-four Introductory Psychology students from the University of Manitoba 

participated in the study in exchange for partial course credit. The mean age of 

participants was 20. The sample included 26 females and 28 males, all of which reported 

normal or corrected to normal vision. 
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Apparatus and Stimuli 

 The stimuli and apparatus utilized in Experiment 3 were the same as those used 

for Experiment 1a, with a few exceptions. My main goal with the present experiment was 

to investigate the influence of the location of the critical distractor image during the 

prime event relative to the location of the target during the prime event on performance 

during the probe event. Since the manipulation of perceptual overlap between the prime 

and probe events of a trial (square vs. circular item contours) appeared to be modest in 

Experiments 1a, 1b and 2, that aspect of the design was presently eliminated. 

Consequently, all of the images in Experiment 3 had a circular contour. The remaining 

details pertaining to the stimuli and apparatus were identical to those described in 

Experiment 1a. 

 

Procedure 

 There were 192 trials in total, 96 of which belonged to the neutral distractor 

condition, 48 of which belonged to the control distractor condition, and another 48 which 

made up the emotional distractor condition. In Experiment 3, however, there were 

exceptions with respect to the location at which the critical distractor image was 

presented during the prime events of the emotional and control distractor conditions. In 

particular, in Experiment1a, the critical distractor image of the prime event was always 

presented at a distractor location. In Experiment 3, however, the critical distractor image 

was presented at either a distractor location or at the actual target location. Trials of the 

neutral distractor condition remained unchanged, as these never contained a critical item. 
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The factors of interest in Experiment 3 consisted of; a) the influence of the type of 

distractors that were presented during the prime event on performance during both the 

prime and probe events; and b) whether the location occupied by the critical distractor 

image during the prime event of trials of the emotional and control distractor conditions 

had a significant role in determining the effect that that image had on performance during 

both the prime and probe events. As a result of these factors of interest and of the 

procedure used to generate trials, the design contributed 96 trials to the neutral distractor 

condition and 48 trials to each the control and emotional distractor conditions. Within 

each of these last two conditions, the design contributed 16 trials in which the critical 

distractor image was presented at a distractor location during the prime event, and 32 

trials in which the critical distractor image was presented at a target location during the 

prime event. The presentation of the critical distractor image at a target position was 

balanced across the four possible positions of the display. For trials in which the critical 

item was presented at a distractor location, the critical item was assigned to the first 

available distractor location for 16 of the trials and to the second available location for 

another 16 trials. The presentation of the critical distractor image as a distractor was 

balanced across the four possible positions of the display. Moreover, the location at 

which the critical distractor image occurred during the prime event of trials of the control 

and emotional distractor conditions always differed from the location at which the target 

of the probe event was presented. The locations at which the target of each the prime and 

probe event was presented was always different, on any given trial. 

 On trials of the neutral distractor condition, a neutral image was always presented 

at each the target and three distractor locations for both the prime event and the probe 
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event of every trial. Trials of the present condition were constructed using the same 

procedures as those described for the control and emotional conditions. For a third of the 

trials, the target of the probe event was presented at the location designated for the critical 

distractor image of the prime event, even though all of the images presented during the 

prime event were neutral in the present condition. On the other two thirds of the trials, the 

target of the probe event was presented at a location that had not been designed as a 

placeholder for the critical distractor image of the prime event or been occupied by the 

target of the prime event. 

 Trials of the control distractor condition always involved the presentation of a 

control image (hands vs. feet) at one of the locations of the prime event display. On one 

third of the trials, the critical distractor image occurred at the target location, and a 

neutral image was presented at each of the distractor locations. On another two thirds of 

the trials, the critical item was presented at a distractor location and a neutral image was 

presented at each the target locations and at the two remaining distractor locations. 

During the probe event of each trial, a neutral image was presented at the target location 

and at each of the three distractor locations.  

On trials of the emotional distractor condition, an emotionally-charged critical 

distractor image (buttocks vs. breasts/torsos) was presented at a target location on one 

third of trials, and at a distractor location for the remaining two third of trials. A neutral 

image was presented at each of the remaining locations. During the probe event, a neutral 

image was presented at the target location and at each of the distractor locations. 

In addition, on trials of the control and emotional distractor conditions, the 

location at which the critical item was presented was balanced across all four possible 
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positions of the prime event display. Further, for all trials across all conditions, the probe 

target was presented at a location at which a neutral distractor image had occurred during 

the prime event. The location at which the target of each the prime and probe event was 

presented was also balanced across all four possible positions of the display, with the 

condition that the targets always be presented at different location. All other details 

pertaining to the procedure were identical to the procedures of Experiment 1a. 

 

Design and Analysis 

Data from participants having performed at a level of 80% accuracy or greater 

were analyzed. As a result of the accuracy criterion, data from one participant, the 

accuracy of which approximated the cutoff, and from 4 participants with accuracy 

averaging 5% were eliminated from further analyses. The application of an a priori cutoff 

of 3000 ms and a post hoc cutoff of a minimum of 200 ms for response times did not 

result in the elimination of any trials from analyses. The analyses of performance during 

the prime event involved testing whether participants’ performance was influenced by the 

type of critical distractor image that was presented during the prime event. Additionally, 

one of the predictions of the current experiment is that response times for locating the 

prime target may be more rapid when a critical distractor image was presented at a target 

location, relative to trials during which the critical image was presented at a distractor 

location, and potentially more rapidly than when a neutral image was presented at a target 

location. These predictions are premised on the presumption that the location at which an 

emotionally-charged image is presented could become incorporated as part of the 

memory representation that is formed for the prime event. If exposure to an emotionally-
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charged distractor during the prime event is on its own sufficient in producing effects on 

attention, independent of the location at which it occurs, no difference would be expected 

between how rapidly a prime target can be located, whether the critical image is 

presented at that same location or at a distractor location. If, however, the location at 

which a critical distractor image occurs (target vs. distractor location) has an influence on 

finding the target, there would be support for the idea that the critical distractor image is 

being processed in a relatively more integrated way with the task relevant information, 

namely the border information of the target item. Moreover, any difference in the speed 

of responding to the target would then be expected to be biased, such that it would be 

faster in response to a target sharing that same location. Thus in addition to testing for 

effects of exposure to critical distractor images during the prime event, the present 

experiment also tested for effects of presenting either an arousing image versus a neutral 

image at the target location of the prime event display on responding to that target 

location. To test this set of predictions, separate 3 X 2 repeated measures ANOVAs were 

performed on mean correct response times and proportion of errors for performance 

during the prime event, with distractor condition (neutral vs. control vs. emotional) and 

location of the critical item (distractor vs. target) as the within-participants factors. 

The main purpose of Experiment 3, however, was to test whether the location 

occupied by the critical distractor image presented during the prime event influenced the 

type of effect that exposure to that image had on performance of the visual search task 

during the probe event. In contrast to Experiments 1a, 1b, and 2, Experiment 3 was not 

aimed at further exploring the influence of the presentation of a critical item at a location 

during the prime event on responding to a target item at the same location or at a different 
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location during the probe event. Consequently, in Experiment 3, the target item of the 

probe event was never presented at the location at which a critical item was presented 

during the prime event. Moreover, since the influence of exposure to a critical item 

during the prime event on target localization during the probe event did not appear to 

depend on the manipulation of perceptual overlap at the level of the contours of items 

presented in the prime and probe events, all of the items presented in the displays of 

Experiment 3 had circular contours.  

As a result of these changes, the main analyses involved submitting mean correct 

probe response times and proportion of errors for trials involving the successful 

completion of the localization task during the prime event to separate 3 X 2 repeated 

measures ANOVAs, with distractor condition (neutral vs. control vs. emotional) and 

location of the critical item during the prime event (target vs. distractor), as the within-

participants factors. 

 

Results 

Prime Event 

Mean proportion of errors and mean response times for trials for which the prime 

and probe events were correctly completed are presented in Table 10. The main analyses 

performed on the proportion of errors made during the prime event revealed a significant 

main effect of distractor condition, F(2,96) = 4.19, MSe = .00, p < .05. A relatively 

greater proportion of errors occurred on trials of the emotional distractor condition, 

followed by trials of the control and neutral distractor conditions (.033 vs. .022 vs. .020). 

Post hoc paired samples t-tests indicated a significant difference in the proportion of 
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errors between the neutral and emotional (M = .034, SD = .033), t(48) = -2.86, p < .01, 

SEM = .005, and control and emotional distractor conditions, t(48) = -2.02, p < .05, SEM 

= .005, but not the neutral (M = .020, SD = .021) and control (M = .023, SD = .027) 

distractor conditions, t(48) = -.485, p > .05, SEM = .005. The analyses revealed there to 

be no influence of whether a critical distractor or neutral image was presented at a target 

location during the prime event on errors.  

The main analyses performed for effects on response times during the prime event 

revealed a significant main effect of distractor condition, F(2,96) = 27.40, MSe = 6124.70, 

p < .001. The largest response times occurred on trials of the emotional distractor 

condition, followed by the control and neutral distractor conditions, respectively (795 ms 

vs. 734 ms vs. 717 ms), replicating the effects of the presentation of a critical distractor 

stimulus during the prime event on visual search task performance during the probe event 

reported in Pilot Studies 2a and 2b and Experiments 1a and 2. Post hoc paired sample t-

tests indicated significant differences in response times between the neutral (M = 717, SD 

= 131.68) and control (M = 735, SD = 142.13), t(48) = -2.90, p < .01, SEM = 6.12, neutral 

and emotional (M = 796, SD = 182.85), t(48) = -5.74, p < .001, SEM = 13.74, and control 

and emotional, t(48) = -5.01, p < .001, SEM = 12.20, distractor conditions. 

The idea that emotionally-charged stimuli would be responded to more rapidly at 

the target location than would be neutral images was not supported, as evidenced by the 

absence of any predicted critical distractor image location X distractor condition 

interaction. Thus, response times to prime events involving the presentation of an 

emotional or control image were the same, whether that image was presented at a target 

location or at a distractor location in the display. 
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Table 10 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to prime events in Experiment 3, as a function of distractor condition 

(neutral vs. control vs. emotional) and location of the critical item during the prime event 

(target location vs. distractor location). 

 

 

            Distractor Condition 

 

 

 Neutral   Control  Emotional                              

      

Location of the 

Critical Item in 

The Prime Event   RT    ERR      RT     ERR       RT      ERR 

 

 Target  712   .018 723 .026 804 .038 

  (19.3)     (.004) (19.7)   (.004) (28.2)     (.005) 

 

 Distractor  721   .021 745 .019 786 .028 

   (18.7)    (.003) (22.1)   (.004) (26.6)     (.007) 

  

 Overall  717   .020 734 .022 795 .033 

   (18.8)    (.003) (20.3)   (.004) (26.1)     (.004) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for prime events in each distractor condition and by the location occupied by the 

critical item during the prime event. 

 

Probe Event 

Mean proportion of errors and mean response times for correctly completed probe 

events are presented in Table 11. A significant main effect of distractor condition on 

errors was produced by the analyses of effects on the proportion of errors for the probe 

event, F(2,96) = 9.94, MSe = .00, p < .001, with the greatest proportion of errors 

occurring in the emotional distractor condition, followed by the control distractor 

condition, and the least errors occurring in the neutral distractor condition (.012 vs. .011 

vs. .004). There were no further significant effects on errors. Post-hoc paired samples t-
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tests indicated significant differences in the proportion of errors between only the neutral 

distractor condition (M = .030, SD = .032) and each the control (M = .058, SD = .077), 

t(48) = -3.50, p < .001, SEM = .008, and the emotional (M = .060, SD = .087) distractor 

conditions, t(48) = -3.07, p < .01, SEM = .010, but not between the control and emotional 

distractor conditions, t(48) = -.481, p < .05, SEM = .004. There were no significant 

effects on probe event response times. 

Contrary to expectations, the analyses of effects on response times for probe 

events did not produce an effect of distractor condition on response times, F(2,96) = 2.83, 

MSe = 2135.10, p < .06, indicating that probe event response times were the same 

whether the critical item in the prime event was presented or not, and whether it was 

presented at a distractor or target location during the prime event. In spite of a trend for 

longer response times on trials during which an emotionally-charged distractor was 

presented, and a modest significant effect of condition on errors during the probe event, 

the absence of an effect of condition on probe response times suggests that the simple 

presentation of the critical distractor image during the prime event was not sufficient to 

disrupt attention during the probe event. By implication, the influence that exposure to an 

emotionally-charged distractor stimulus has on attention both in the context of its 

immediate presence (prime event) and absence (probe event) does not appear to be 

dependent on the spatial location at which it was presented. In concert with the results of 

Experiments 1a, 1b, and 2, the current results provide evidence that the robust effects of 

exposure to an efficient emotionally-charged distractor image are non-specific to the 

location at which it was presented. These results are in contrast with previous findings 

from visual search studies and cueing studies alike, both of which provide evidence for 
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the importance of the position at which an emotionally-charged stimulus is presented in 

determining its effect on spatial attention.  

The absence of an effect of condition on response times during the probe event 

may emphasize the importance of the dual status that emotional distractor images could 

occupy in the displays from trial to trial in the present experiment. In particular, the 

changing status of emotionally-charged images which were intended to consistently serve 

as distracting information may have altered the way in which participants viewed such 

stimuli. This may have been produced through participants associating the presentation of 

the critical distractor image with making a response on some trials (i.e., when it was 

presented at a target location during the prime event), and with withholding a response 

(i.e., when it was instead presented at a distractor location) on other trials, rather than it 

being consistently and appropriately associated with a response of ignoring the stimulus. 

By this logic, the validity of the emotionally-charged image as a source of effective 

distraction may have been compromised in the present study, resulting in a relatively 

weaker influence on attention during the performance of the visual search task of the 

probe event. This last account is partly supported by the finding of an effect of distractor 

condition on performance during the prime event and not during the probe event, in spite 

of a trend for slower responses (13 ms) in the emotional distractor condition. 
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Table 11 

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to probe events in Experiment 3, as a function of distractor condition 

(neutral vs. control vs. emotional) and location of the critical item during the prime event 

(target location vs. distractor location). 

 

 

            Distractor Condition 

 

 

 Neutral   Control  Emotional                              

      

Location of the 

Critical Item in 

The Prime Event   RT   ERR      RT     ERR       RT      ERR 

 

 Target  705   .035 705 .052 714 .066 

    (19.6)   (.006) (21.5)   (.009) (19.0)     (.015) 

 

 Distractor  699   .023 698 .064 716 .054 

   (19.1)    (.003) (19.5)   (.013) (19.8)     (.010) 

  

 Overall  702   .030 702 .058 715 .060 

   (19.1)    (.004) (20.1)   (.011) (18.8)     (.012) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for probe events in each distractor condition and by the location occupied by the 

critical item during the prime event. 

 

In keeping with this line of reasoning, it is possible that the effects in Experiments 

1a, 1b, and 2 resulted in the detection of effects of presenting an emotionally-charged 

image during the prime event on performance during the probe event because the critical 

distractor image across those experiments always occupied the position of a distractor 

item in the prime display.  

In general, the results from Experiment 3 demonstrated that the consequences of 

the presentation of an emotionally-charged distractor on attention are more easily 

predicted in the immediate presence of that stimulus. It does not, however, vary as a 
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function of whether that stimulus is presented at a relatively more distant or more 

proximal position of the display to the target to which a response is required. Thus, so 

long as it is presented, it appears to have the same immediate consequences for attention. 

The consequences of presenting such a stimulus for performance of the task during the 

probe event, however, appears to be absent when an emotionally-charged distracting 

image is presented at a location such that it is in conflict with the production of a 

response, or at a location to which no response is required (i.e., non-conflicting with the 

appropriate response of ignoring the distracting stimuli).  

 

Experiment 4 

 The absence of an overall effect of the presentation of a critical distractor image 

on performance during the probe event in Experiment 3, in spite of slower responses to 

the prime event when such an item was presented during the prime event) raises the 

question of whether the effects observed in Experiments 1 and 2 are attributable solely to 

exposure to the critical distractor image from its presentation only as a distractor during 

the prime event. During Experiment 3, such a general effect of presentation of the critical 

item may have been eliminated by the critical distractor being presented at either a 

distractor or target location during the prime event. 

The effect of exposure alone to a critical distractor image on visual search 

performance during the probe event was tested in Experiment 4. During a prime event to 

which no response was required, an individual neutral image or critical distractor image 

was presented briefly. Subsequent to each item, participants performed the visual search 

task during the probe e vent, identical to that from Experiments 1 through 3. 
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The general effects of exposure observed in Experiments 1 and 2 may have been 

generated through the simple exposure to a critical distractor image presented at a 

distractor location during the prime event. Alternatively, such effects could have 

depended on the critical distractor image being presented at a distractor location. Apart 

from these potential influences, the effects may also have been dependent on participants 

having performed the visual search task during the prime event. Experiment 4 allows a 

test of whether simple exposure to a critical item, relative to neutral images presented as 

singleton distractors during a prime event were sufficient to produce the general effects 

of exposure to a critical item on subsequent attention during the probe event.  

 

Participants 

A total of 44 participants enrolled in Introductory Psychology at the University of 

Manitoba participated in the study in exchange for partial course credit. The sample 

included 17 males and 27 female participants, with an overall mean age of 20 years. All 

participants reported normal or corrected to normal vision. 

 

Apparatus and Stimuli 

 The apparatus and stimuli for Experiment 4 was largely the same as that used in 

Experiment 2 with the exception of the following modifications being made to the prime 

event displays. In Experiment 2, the prime event displays each involved four items, with 

each item positioned above, below, to the right and to the left of the center point of each 

display. Prime displays of the current experiment instead involved a single item presented 

at the center point of the display. Each item consisted of a distractor image with a circular 
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black border measuring 4.5 pixels wide and with a diameter of 4.5 cm. On one third of 

the trials, a neutral image was presented during the prime event. On another third of the 

trials, a control image (either male or female hands or feet) was presented during the 

prime event. An emotionally-charged distractor image was presented during the prime 

event of the remaining third of trials. All items presented during the probe also had 

circular contours. All other aspects of the probe event displays were identical to those 

described for the probe event displays of Experiment 2. 

 

 Procedure 

As with Experiment 2, the current study involved 96 neutral distractor trials, 48 

control distractor trials, and 48 emotional distractor trials. The prime events of trials for 

each category differed in terms of the type of image that was presented in the black 

circular border of the display. Participants were instructed that no response was required 

to the prime event. The prime event display was presented for a duration of 500 ms. 

Subsequent to the prime event of each trial, participants were required to perform a visual 

search task upon onset of the probe event display. The probe event displays for each trial 

of each of the three conditions were otherwise identical in construction to those of 

Experiment 2. All other aspects of the procedure were identical to Experiment 2 (see 

consent form, Appendix D). 

In the present experiment, my main interest was with whether performance during 

the probe event would be influenced by the type of image presented during the prime 

event. As a result of the procedural changes, the design yielded 96 trials to the neutral 

distractor condition and 48 trials to each the control and emotional distractor conditions. 
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On trials of the neutral distractor condition, a neutral image was presented during 

the prime event, followed by the probe event, with one target and three distractor items 

presented with neutral images at all locations. Trials of the control distractor condition 

involved the presentation of an image of a hand or foot from a male or females’ body 

during the prime event, followed by the probe event, during which neutral images were 

presented at each a target location and at each of three distractor locations. Similarly, an 

emotionally-charged image, namely a breast/torso or buttocks from either a male or 

female body was presented during the prime event of trials of the emotional distractor 

condition, followed by the presentation of neutral images at each the target and three 

distractor locations of the probe event. Within each condition, the position at which the 

probe target was presented was balanced across all four possible positions of the probe 

display. All other procedural details were the same as those described for Experiment 2. 

 

Design and Analysis 

Data contributed from participants having performed at a level of 80% accuracy 

or greater were analyzed. The data contributed by nine participants who averaged 23% 

accuracy were excluded from further analyses. An a priori cutoff of 3000 ms and a post 

hoc cutoff of a minimum of 200 ms for response times were applied, neither of which 

resulted in the elimination of any trials from analyses. 

The goal of the main analysis was to determine the influence of basic exposure to 

distractor images of three types on the visual search performance during the probe event. 

Exposure alone to the critical distractor image during the prime event was expected to 

support an overall effect of the type of distractor image that was presented on mean 
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response times and proportion of errors for responses made during the probe event. 

Exposure to emotionally-charged distractor images was expected to result in the greatest 

impairment to performance, control distractor images were expected to result in modest 

impairments, and neutral distractor images were expected to result in the least 

impairment to visual search performance, relative to the emotional and neutral distractor 

conditions, in keeping with the earlier reported effects of the current study. To test this 

prediction, mean proportion of errors and mean correct response times in response to the 

probe event were submitted to a one way repeated measures ANOVA, with distractor 

image type (neutral vs. control vs. emotional) as the within-participants factor. 

 

Results 

Probe Event 

Mean response time values for correctly completed probe events and mean 

proportions of errors are available in Table 12. The analysis of effects on errors for the 

probe event produced a significant main effect of distractor condition, F(2,68) = 14.29, 

MSe = .00, p < .001, with the greatest proportion of errors having occurred in the control 

and emotional distractor conditions, followed by the neutral distractor condition (.078 vs. 

.060 vs. .034). Follow-up post-hoc paired samples t-tests indicated significant differences 

in the mean proportion of errors between the neutral distractor condition (M = .034, SD = 

.039) and each the control (M = .079, SD = .076), t(34) = -4.81, p < .001, SEM = .009, 

and the emotional (M = .061, SD = .086) distractor conditions, t(34) = -2.62, p < .01, 

SEM = .010, and between the control and emotional distractor conditions, t(34) = 3.84, p 

< .001, SEM = .005. 
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The analysis of distractor condition on response times, however, did not reveal 

any influence of the type of distractor presented during the prime event on responses 

made during the probe event. The modest effects on errors and the absence of any effect 

on response times in the visual search during the probe event in the current experiment 

suggests that exposure to emotionally-charged visual information is not solely sufficient 

to influence attention during the performance of visual search during a subsequent visual 

event. By implication, the effects on probe event performance produced in Experiments 

1a, 1b, and 2 may have depended to some extent on the task-related details which 

determined how the emotionally-charged stimuli were experienced during the prime 

event. The procedural changes in Experiments 3 and 4 may as a result not have been 

supportive of any such effects. 

 

Table 12  

 

Mean correct response times (RTs) in milliseconds (ms) and proportion of errors (ERR) 

for responses to probe events in Experiment 4, as a function of distractor condition 

(neutral vs. control vs. emotional). 

 

 

                       Distractor Condition 

 

 

 Neutral   Control  Emotional                              

      

 

 

     RT   ERR    RT   ERR      RT    ERR 

 

 Overall  740   .034 739 .078 745 .060 

   (18.3)    (.006) (18.7)   (.012) (18.4)     (.014) 

 

SE = Between-participant standard error of the mean response time and mean proportion 

of errors for probe events in each distractor condition. 
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 In keeping with the Principle of Encoding Specificity (Tulving and Thompson, 

1973), the present results demonstrate the absence of an effect of exposure to lone 

emotionally-charged stimuli on subsequent attention during the performance of a 

localization task during a visual event, owing to the temporal separation of the two 

events. The first event is perceptually distinct from the second, but also topographically 

different from the second, in that the first requires passive viewing of an image, and the 

second involves the visual comparison of four items with the purpose of identifying and 

responding to a target item (mismatch of the task requirements). Consequently, exposure 

to emotionally-charged visual information may subsequently be inconsequential to 

attention during the performance of tasks when the visual environment and attentional 

demands are distinct across time and visual events. 

 

CHAPTER VII: GENERAL DISCUSSION 

On the use of emotionally-charged stimuli as efficient distractors 

Both sources of visual information which are relevant and those which are 

irrelevant to the goals of an observer appear to be processed by the visual system 

(Hermans, De Houwer, & Eelen, 1994; Merikle, Smilek, & Eastwood, 2001). Although 

both types of visual information are believed to be in competition with one another for 

attentional resources (Desimone & Duncan, 1995), irrelevant information that is 

emotionally-charged, and particularly arousing (e.g., Hamann, Ely, Grafton, & Kilts, 

1999) seems most likely to come under the attention of an observer. All irrelevant 

information may be processed at a basic perceptual level (Hermans, De Houwer, & 
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Eelen, 1994), whereas emotionally-charged stimuli, similarly to stimuli with attention-

grabbing properties, may be subject to further processing and evaluation. 

Further, findings which reveal that recent prior exposure to an emotionally-

charged stimulus in the form of an irrelevant stimulus can influence evaluations of an 

attended stimulus, and can lead to impairments in responding to task-relevant stimuli 

suggest that the evaluation of emotionally-charged stimuli occurs efficiently. Further, 

they suggest that this process is prioritized over the performance of short-term survival-

irrelevant tasks. This is corroborated by the fact that emotionally-charged stimuli which 

are irrelevant to a primary task may interfere with the performance of that task but that 

the reverse fails to be observed. That is, the neutral stimuli do not appear to interfere with 

the processing of emotionally-charged stimuli. Ample evidence was reviewed in support 

of the idea that emotionally-charged stimuli are subject to biased processing 

characterized by rapid allocation of attention and further evaluation than relatively more 

neutral stimuli. On the basis of these premises, emotionally-charged stimuli were 

presently used in the role of efficiently distracting information to investigate the 

extensiveness of the influence of competing sources of distraction on visual attention. 

Although the effects reported in the present experiments have been primarily 

attributed to the presentation of distractor stimuli which are disruptive to attention on the 

basis of their emotional quality, the possibility that such effects were partly determined 

by the within-experiment frequency with which such items were presented relative to 

neutral images cannot be ruled out. In any of the experiments of the current study, the 

presentation of emotionally charged distractor items in particular occurred on 25% of 

trials, relative to neutral distractors, with the exception of Experiment 1b, with 50% of 
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trials involving such distractors. Presumably, then, the low frequency with which such 

items were presented may have enhanced the capacity of these to draw attention during 

prime events. Consistent with the other experiments, however, emotionally charged lone 

distractors were presented on 25% of trials during Experiment 4, and no effects on probe 

event performance were observed. If frequency was independently responsible for effects 

on attention, such an effect would have been expected to take place during that 

experiment. Of potentially greater importance in ensuring the influence of emotionally 

charged distractors on attention in the present set of experiments may have been the 

unpredictable nature of the presentation (e.g., Mama, 2013) of such stimuli, in terms of 

both the position of these in the display and their cross-trial distribution. This last factor, 

in addition to maintaining an infrequent rate of occurrence relative to neutral distractors 

may have ensured a sustained perceptual sensitivity to such stimuli (MacLean et al., 

2009), presumably providing a more accurate simulation of the influence of emotionally 

charged stimuli on attention in day to day settings. 

 

Central aims of the current study 

 Among other paradigms used to study the influence of processing emotionally-

charged stimuli on attention, research initiatives involving the use of spatial cueing tasks 

and visual search tasks were discussed as contributing to understanding the influence that 

such stimuli can have, relative to non-emotionally-charged stimuli, on immediate visual 

attention. Many such research initiatives have helped to understand how potent sources of 

distraction such as emotionally-charged stimuli affect attention in human performance. In 

the current study, the well documented disruptive influence that emotionally-charged 
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stimuli can have on attention was utilized to investigate the extent to which task-

irrelevant distractor information may influence attention over time, whereby attentional 

disruptions occurring on the basis of the exposure to such stimuli may also be 

consequential for continued attention processes and performance required during a 

subsequent visual event. In addition, the current procedure involved the presentation of a 

pair of separate visual events during each trial. This aspect of the design allowed for the 

influence of highly distracting information to be measured not only while the critical 

distractor information was presented, but also, it allowed for a separate measure to be 

taken during a subsequent visual event. This second measure provides information on a) 

the extensiveness of any effects measured during the prime event, and b) potential 

modulating factors which are at the basis of any such cross-event effects. Further, 

manipulations to perceptual aspects of the procedure aimed to optimize memory retrieval 

processes providing access to the prime event at the time of the probe event, with the goal 

of better understanding the mechanisms underlying such cross-event effects. Finally, the 

current procedure involved the presentation of an array of items in each of a set of two 

displays during each trial of the study. This allowed for the position of the emotionally-

charged distractor information to be manipulated relative to that of either target 

information, to which attention was required. The extent to which the position at which 

the emotionally-charged distractor was consequential to attending to the position of task-

relevant information could thus be assessed, revealing whether the effect of emotionally 

distracting information is global, or specific to the spatial position at which it is presented 

in a visual environment. 
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Direct influences of emotionally-charged distractor information on attention 

 During the prime event, participants experienced a visual event involving an 

emotionally-charged distractor presented among other distractors, and were required to 

perform a visual search for a target item. This task required participants to direct their 

attention toward goal-relevant visual information. In the experimental procedure used in 

the present experiments, the presentation of an emotionally-charged distractor during the 

prime event provided a source of competition for attention with locating the target and 

responding to the display, as reflected by poorer performance at the visual search task 

during the prime event. This effect was produced across all experiments of the current 

study, with the exception of Experiment 4, in which the prime event involved the 

presentation of a lone distractor item. These attentional disruptions that were produced 

during the prime event corroborate the extant body of literature involving demonstrations 

of how stimuli with emotional properties can be highly distracting to attention and 

performance of central tasks. Such an effect, however, is limited in the information it can 

provide about the precise nature of the interaction between emotionally-charged visual 

stimuli and the visual behavioural measures of how that stimulus is responded to. Thus, 

impaired performance at visual search during the prime event can be viewed as being 

generated more so on the basis of a direct disruption to attentional processes required to 

complete a goal-oriented task, which can be attributed largely to the presence of stimuli 

in competition for attention. Once an observer attends to the competing information, it 

may be evaluated relative to the goal task, and attention may subsequently be redirected 

to the visual search task for a successful response to be made. The results of Experiment 

3 revealed there to be no implication of the spatial location at which the emotionally-
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charged distractor image was presented at during the prime event, either at the location of 

a target item or a distractor item, on prime target localization performance. The 

experimental procedure used in the current study, however, was uninformative about 

whether any effects produced during the prime event resulted on the basis of sustained 

visual attention to the specific position of the display at which an emotionally-charged 

distractor was presented, or active avoidance of it. 

 

Indirect influences of emotionally-charged distractor information on attention 

The procedure used in the present study also allowed the measurement of the 

influence of an emotionally-charged distractor on attention beyond the immediate 

presentation of that distractor. Recent exposure to an emotionally-charged distractor was 

found to provide the basis of a similar impairment in performance of the visual search 

task during the probe event as during the prime event. This finding is surprising, given 

that the event involved a separate visual search event involving the presentation of all 

new distractors than the prime event, none of which were emotionally-charged 

(Experiments 1a, 1b, 2). Evidently, impaired performance during the probe event may be 

attributed in part to aspects of the prime experience. The absence of such an effect in 

Experiment 3, when the emotionally-charged distractor either occupied a position to 

which a response was required, or one to which no response was required, suggests that 

the influence of the emotionally-charged distractor presented during the prime event on 

performance during the probe event likely depended on the experience of how that 

information is perceived and interacted with when it is presented. Consequently, in 

Experiment 3, participants may have engaged in different processing in response to the 
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emotionally-charged distractor image when it occurred at a location to which no response 

was to be made, compared to when it occurred at a target location, to which a response 

was to be made. 

These effects on performance during the probe event do not appear to be 

attributable to exposure to an emotionally-charged distractor in and of itself, as evidenced 

by the absence of a disruption to performance during the probe event visual search task in 

Experiment 4. This result also supports the idea that the cognitive interaction that an 

observer engages in with emotionally-charged distractor information is relevant to the 

nature of the disruption it can have for attentional processes. In Experiments 1a, 1b, and 

2, participants’ appropriate response to such stimuli during the prime event would have 

involved an evaluation of that source of distraction, followed by the subsequent 

reorientation of attention to the visual search task. A participant who is consistently 

aiming to ignore such a disruptive source of information would be expected to show 

global impairments in performing the visual search task while such information is 

presented. The added source of competing information would be expected to increase the 

challenge of dedicating attention to the visual search task. In contrast, in Experiment 3, 

the stimuli in question was on some portion of the trials presented at a position to which a 

response was required, and on other trials, presented at a position to which no response 

was required. Although immediate effects of reduced performance were produced during 

the presentation of such stimuli, the impairment effects observed in Experiments 1a, 1b, 

and 2 was disrupted by such modifications to the procedure. The presentation of 

emotionally-charged distractors in trials of Experiment 4 also consistently allowed 

participants to respond to the distractor stimuli in the same way across all trials (passive 
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viewing of the distractor). Aspects of the design, however, were not conducive to 

disruptions of attention, as the emotionally-charged distractor never occupied a position 

of the display which could allow it to be a source of direct and active competition for 

attention. Alternative mechanisms which could account for the influence of the 

experience with the emotionally-charged distractor during the prime event on attentional 

processes during the probe event are discussed below. 

One influence on effects which may account for an absence of effects of exposure 

to an emotionally charged stimulus during the prime event on performance during the 

probe event in Experiment 4 is that participants’ performance may have benefited from 

the predictability of non-target locations during the probe event in Experiments 1 through 

3, as a function of where there critical distractor was presented during the prime event. 

This possible benefit, however, seems unlikely to be solely responsible for the effects 

observed in Experiments 1 through 3 on the basis of an absence of consistent evidence 

for location specific effects on performance during the probe event, with the exception of 

those observed in Experiment 2, where location priming was produced.  

General impairments to performance during both the prime event and the probe 

event were partially predicted. During the prime event, the impairment in visual search 

performance was expected to be generated on the basis of the attention that emotionally-

charged distractors were expected to afford. During probe events, however, both 

impairment and facilitation effects were anticipated to be produced as a function of 

exposure to an emotionally-charged distractor during the prime event. In Experiments 1a 

and 1b, the emotionally-charged distractor was presented during the prime event at either 

the location at which the target of the probe event was subsequently presented, or at a 
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different location. Performance at locating the target during the probe event was impaired 

whether the target was presented at a location at which an emotionally-charged distractor 

occurred during the prime event or at a different location. Owing to the rapid allocation 

of attention which has generally been reported to occur in processing emotionally-

charged stimuli, it was predicted that attention would be drawn to the location at which 

an emotionally-charged distractor was presented during the prime event. As a 

consequence, it was anticipated that greater vigilance to that location would result in 

facilitation in attending to information subsequently presented at that same location. 

Consequently, participants were expected to respond more rapidly to a target presented at 

that location than when no such item was presented or when it was presented at another 

location. In this last case, participants were expected to respond more slowly to the target 

presented. In Experiments 1a and 1b, minor and inconsistent effects were produced in 

support of these expectations, limited mostly to error effects of small practical 

significance. The pattern of effects which emerged instead more strongly reflects a 

general and robust influence of prior exposure to the emotionally-charged distractor on 

attentional processes during the probe event. 

In Experiment 2, location-specific influences on responding to the probe target 

were observed. These were, however, driven by whether elements of the prime and probe 

event were central to making the correct response. When the location of the probe target 

was the same as the location of the target during the prime event, spatial priming was 

observed, whereby responding to the probe target was facilitated relative to when the 

targets were presented at different locations from the prime event to the probe event. This 

result illustrates that attention to a location of the visual environment at one time can be 
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influential on attention to the same location of a like visual environment that is 

subsequently encountered. The absence of analogous effects as a function of the location 

of the probe target in relation to the location of the emotionally-charged distractor of the 

prime event raises an interesting possibility. Elements of the visual environment to which 

attention is centrally allocated during the prime event (and which are possibly evaluated 

by an observer as being critical to performing a goal task) may drive location-specific 

effects across the prime and probe events. In contrast, distractor elements which 

temporarily attract the focus of attention, may be processed in a more general manner 

once an observer evaluates the information as non-central to completing the goal task 

during the prime event. By this account, such ongoing evaluative processes of an 

emotionally-charged distractor could be expected to result in a global, albeit sided, source 

of competition for attention with the requirement to perform the visual search task during 

the probe event. The robust effects of exposure to emotionally-charged distractors during 

the primes which extended to performance during the probe events across experiments 

1a, 1b, and 2 could by this logic reflect a cognitive refractory period during which goal-

irrelevant distractor information is processed and remains in reduced competition for 

attention as the observer proceeds to actively sustain attention to elements of the visual 

environment which enable completion of the goal task. 

  

Perspectives on the effects of emotionally-charged distractors on attention 

Exposure to an emotionally-charged distractor stimulus during the prime event not 

only resulted in competition for attention between such a stimulus and the visual search 

task while it was presented, but also, in a sustained competition for attention during 



EFFECTS OF EMOTIONALLY-CHARGED DISTRACTOR STIMULI 165 

performance of the visual search task, given a change in visual display, at the time of the 

probe event in Experiments 1a, 1b, and 2. One way to view the attentional disruptions 

which occurred during the probe event of these experiments is as resulting from 

attentional cueing. Accordingly, the presentation of an emotionally-charged distractor 

during the prime event would be expected to produce a shift of attention to the location of 

that information. As an immediate consequence, attention would be detracted from the 

visual search task. The impairment effects observed during the presentation of 

emotionally-charged distractors during the experiments of the current study corroborate 

such a prediction. A delayed implication of attention being cued to the location of that 

information could be that attention could be cued to that same location during a 

subsequent probe event, resulting in facilitated responding to a target subsequently 

presented at that position (for instance, see Beaver, Mogg, & Bradley, 2005). The present 

results, however, is in contrast with such predictions, suggesting that the present effects 

of disrupted attention during the probe event were not produced by attentional cueing per 

se. Although delayed effects of the presentation of an emotionally-charged distractor 

were observed in the current experiments, the effects were found to be general, rather 

than dependent on the particular location at which such information was presented. 

Further, a cueing account is inappropriate in the explanation of the disruptions to 

attention observed during the probe event of the current study, given the experimental 

procedure that was used. When an emotionally-charged distractor was presented during 

the prime event, participants’ attention was presumably redirected to the location of the 

target, allowing for the trial to be completed successfully. Moreover, the presentation of 

the probe event resulted in a change of the visual information that was presented. 
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Although participants were required to perform a similar task during the probe event, 

they were required to process and respond to a different set of items to do so, resulting in 

further shifts of attention. In the context of the current experiment, it appears unlikely that 

attentional cueing through the presentation of an emotionally-charged stimulus can 

account for delayed impairments observed during the probe event. 

Another relevant line of research which centers on determining the likelihood of 

attending to different locations of a visual scene involves the study of Inhibition of 

Return (IOR, see Klein, 2000). Such an effect demonstrates that observers are less likely 

to revisit the same locations in a visual scene, to the advantage of detecting stimuli that 

occupy other, previously unexplored locations. On that basis, a prediction in the currently 

adopted experimental procedure would be that attention should be less likely to return to 

a location at which an emotionally-charged distractor was presented. This may have been 

the case during the prime event, allowing in turn for attention to be redirected towards 

other positions of the display, and enabling the target to be localized. Effects observed 

during the prime event of the current studies neither supports nor contradict such a 

prediction. Extending such predictions to the probe event, however, would seem 

unjustified, as the effect does not readily afford clear consequences for future attentional 

processes during subsequent and separate visual events. 

Another possible account of impairments in visual search performance during the 

probe event is one borrowed from explanations on typical effects observed with the 

Attentional Blink Paradigm. Recall that in such a paradigm, barring any special 

characteristics in either target, the presentation of a target item in a sequence of rapidly 

presented distractor items results in impaired responding to a second target presented 
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closely in time with the first. This general effect has at times been attributed to either 

ongoing processing of the first target which persists for less than a second, resulting in 

interference in processing the second, or a reduction in available attentional capacity due 

to processing of the first target, resulting in limited attention for the detection of the 

second target (Chun & Potter, 1995). 

 An adaptation of either account may be sufficient in accommodating the robust 

impairments observed in the current experiments which took place during the probe event 

on trials involving the presentation of an emotionally-charged distractor during the prime 

event. For instance, exposure to an emotionally-charged distractor during the prime event 

could have involved relatively extensive processing of such stimuli, in spite of its non-

target status. Such processing may have been extensive enough to interfere with the 

processing of task-relevant information, both immediately during its presence (prime 

event) and during the probe event. This account is partly supported by the impairment in 

performance of the visual search task during the prime and probe events of Experiments 

1a, 1b, and 2. Participants may have to some extent engaged in prioritized processing of 

the emotionally-charged distractor stimuli. Processing of goal-relevant information, 

although of competitive value for attention, may have fallen second to the processing of 

such distracting information. An impairment based on interference, however, would also 

have been expected to occur in Experiment 3, as a function of the presentation of a lone 

emotionally-charged distractor during the prime event. No impairment was produced in 

that case, suggesting that the nature of the interaction that the participant had with a 

stimulus during the prime event had an important role to play in determining the effects 
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of exposure to that distracting information during the prime event on performance during 

the probe event. 

Alternatively, the presentation of an emotionally-charged distractor during the 

prime event may have introduced a persistent source of competition for attention which 

resulted in impairments to performance during both the prime and probe events. With the 

source of competition being direct during the prime event, impairment in performance 

during the prime event would be expected. It would not readily be predicted during the 

probe event, however, in the absence of the emotionally-charged distractor as a direct 

competitor for attention. Further, processing of the emotionally-charged stimuli may be 

extensive, such that ongoing evaluative processes allow its influence to persist throughout 

the duration of the prime event and into the probe event. Although such an account seems 

highly parsimonious, it similarly fails to account for the absence of any impairment 

effects during the probe event of Experiments 3 and 4.  

Without discounting the influence that some of the aforementioned factors may 

contribute to impairments in performance during the probe event, a stronger account of 

the current findings is one which incorporates the role of memory. The general procedure 

in trials of the current study involved a prime event, followed shortly after by a probe 

event. During Experiments 1a, 1b, 2, and 3, basic aspects of the procedure were 

conducive to supporting memory retrieval processes for the prime event display to occur 

at the time of the probe event. In particular, the otherwise separate visual events both 

involved the presentation of an array of four items, and the requirement to localize and 

respond to a target. In addition, they occurred closely in time such that the duration of the 

time between the probe event of one trial and the prime event of the next trial exceeded 
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the duration of time between the presentation of the prime and probe event of a given 

trial. On the basis of this aspect of the procedure alone, retrieval processes initiated at the 

time of the probe event may have resulted in interference based in processing which took 

place during the prime event. The finding of a basic spatial priming effect in Experiment 

2, whereby responding to the target during the probe event was facilitated by having 

recently responded to a target at that same position during the prime event, is in keeping 

with an active role of memory in modulating attention during the probe event. 

Further, the perceptual similarity of the prime and probe events in any given trial 

was manipulated by presenting items in the display such that the contours of items in the 

prime event either matched or mismatched the contours of items in the probe event. This 

aspect of the procedure was intended to assess the role that memory plays in supporting 

more extensive effects on attention driven by exposure to emotionally-charged distractor 

stimuli. Such a manipulation was not found to have a consistent influence on the 

impairment effects observed during the probe event. Thus, if the impairments in 

performance during the probe event were supported by retrieval processes, they may not 

have been entirely dependent on them. 

In Experiments 1a and 1b, participants were required to ignore the emotionally-

charged distractor presented at a particular position during the prime event. They were 

subsequently required to either respond to a target at that same position or at a different 

location during the probe event. Basic predictions were formulated from the idea that 

memory retrieval processes at the time of the probe event would engage the retrieval of 

memory for attending to the position at which the emotionally-charged distractor 

occurred during the prime event. The expected consequence during the probe event was 
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that attention would be directed to further explore that location once again. Thus in the 

case where the target of the probe event occurred in that same location, target localization 

was expected to be facilitated, whereas when the target occurred at a different location, 

performance was expected to be impaired, owing to the reorientation of attention from 

that location to the location of the target. Such location-specific effects were not 

consistently observed in the current findings.  

A variation of this set of predictions formulated on the basis of the principle of 

transfer-inappropriate processing (Neill & Mathis, 1998), however, would predict global 

impairments in performance over location-specific ones during the probe event. By this 

view, impairments would have been expected to occur in response to the probe target, 

whether it was presented at the same or a different location as the emotionally-charged 

distractor that was presented during the prime event. In particular, responding to the 

probe target at a given location could have engaged memory retrieval processes for the 

recent prime experience. During that experience, the presentation of an emotionally-

charged distractor would have resulted in a disruption of attention. Presumably, attention 

would have been directed to the location at which that item was presented. Regardless of 

the location at which it occurred, though, the item would have been associated with not 

making a response (never presented at a target position). As a result, retrieval of the 

prime experience which involved the disruptive redirecting of attention from competitive 

distractor information to the target location could have been retrieved at the time of the 

probe event. In Experiments 1a, 1b, and 2, retrieval of that information would be 

expected to have resulted in a cognitive refractory period, similar to that which was 

earlier described. In this case, however, it would involve working through interference 
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introduced by the retrieval of that recent experience, and reorienting attention to the 

completion of the probe event task. In contrast, memory retrieval processes at the time of 

the probe event, for the experience of an emotionally-charged distractor during the prime 

event, would not have been expected to result in impairments to performance during the 

probe event for Experiment 3. First, the target of the probe event never occurred at the 

position at which the emotionally-charged distractor was presented at during the prime 

event. This appears a reasonable basis for predicting the same global impairment during 

the probe event as was reported for the experiments just described. On trials during which 

the emotionally-charged distractor was presented, however, such an item could either 

appear at a location to which no response was required, or at the location of the target 

item. Thus, the experience with the item during the prime event rendered it much less so 

a source of strong competition for attention. On some trials, the location it occupied was 

one to which a response was required (target position), and other trials, it occupied a 

location to which no response was required. Retrieval of the prime experience would thus 

have potentially been a weak source of interference with the performance of the visual 

search task during the probe event. In Experiment 4, the prime and probe events may 

have been sufficiently distinct from each other, resulting in a reduced likelihood of 

memory retrieval for the experience of not responding to the lone prime. The 

requirements during the prime and probe event were not such that memory for the prime 

would be necessarily useful during the completion of the probe event, consequently 

producing no interference. 
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Considerations based on evolutionary perspectives 

In general, attentional capture by visual stimuli is believed to occur on the basis of 

either the stimulus-based properties of visual information, or the influence of top-down 

goal-oriented processes (Folk, Remington, & Johnston, 1992). Emotionally-charged 

stimuli may lead to the capture of attention by similar processes. Hansen & Hansen’s 

(1988) early observation that fear-relevant stimuli (e.g., an angry face) appear to be more 

easily detected from within an array of neutral stimuli (happy faces) than vice versa is 

highly reminiscent of Treisman’s basic feature pop-out effect, with the exception that the 

effect of facilitated detection appears to be stronger when the singleton item consists of 

an emotionally salient stimulus (1988, but see Hampton, Purcell, Bersine, Hansen, & 

Hansen, 1989). A study conducted by Eastwood, Smilek, and Merikle (2001) also 

suggests that emotional facial expressions may be processed without the requirement of 

attention but that these nevertheless guide attention. In their study, search time slopes for 

a schematic target face exhibiting a negative expression were found to be shallow relative 

to search time slopes for schematic target faces exhibiting positive expressions. To the 

extent that the search slope is shallow, the unattended target information is thought to be 

guiding the attention of the observer, in this case facilitating search for such a target. 

Furthermore, the rapid and effortless detection of negative faces, which may signal 

possible danger, provides advantages in both social and biological realms (Eastwood et 

al., 2001). This finding also generally suggests that survival-relevant stimuli more 

generally have come to be processed by the visual system much like primitive features of 

the visual environment. In support of this idea, there is evidence that emotionally-charged 

stimuli are perceived quickly and effortlessly or preattentively and without conscious 
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awareness (Öhman, 2002; Öhman & Soares, 1993; Öhman, Esteves, & Soares, 1995) 

during the early stages of the processing of visual information (but see Pessoa, Kastner, 

& Underleider, 2002 for exceptions). It is generally believed that this reflects a process 

by which the visual system scans and analyzes the perceptual field effortlessly, rapidly, 

and thus efficiently on the basis of low level stimulus features to the ends of locating 

basic components of the surrounding environment which may ultimately be important to 

survival goals (see Öhman, Flykt, & Esteves, 2001 for examples). In corroboration of this 

idea, some researchers even suggest the existence of a neurological shortcut by which 

visual information on fear-relevant stimuli in the environment may be efficiently relayed 

to the amygdala early in its trajectory to the visual cortex (LeDoux, 1996), which is 

highly sensitive to emotionally-charged perceptual input (Anderson, 2005). 

Once a stimulus is appraised as high-priority, the visual system may demonstrate 

increased sensitivity to visual information which betrays the presence of stimuli with 

survival implications (see Pessoa, Kastner, & Underleider, 2002, for a discussion), 

possibly as a function of a threshold being reached (Mathews & Mackintosh, 1998; Mogg 

& Bradley, 1998, see Koster, Crombez, Van Damme, Verschuere, & De Houwer, 2004, 

for a discussion). In the case of a stimulus that is associated with an aversive event, the 

sensitivity of the system to the stimulus may depend on the signal value for the 

occurrence of an event (Koster et al., 2004). Returning to the idea of information in the 

environment competing for visual attention, emotionally-charged stimuli may have 

become strong competitors for attentional processes (Pessoa et al., 2002). 

Stimulus-driven processing of visual information has been suggested to reflect the 

evolutionary past of the human species and the fact that certain stimuli have implications 
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for reproduction and survival (Öhman, Flykt, & Esteves, 2001). Through the association 

of certain stimuli, over a number of experiences, contexts, and situations with 

psychophysiological responses, observers demonstrate an increased sensitivity to certain 

stimuli. In turn, future visual detection of the characteristics or properties of these may 

become warnings for the presence of stimuli that may either enhance the likelihood of 

achieving survival goals, such as reproduction or safety from predators or environmental 

dangers, or interfere with them (see Öhman et al., 2001 for a more detailed description). 

By implication, rapid processing of stimuli relevant to survival would support survival. 

Finally, if we consider that all mammals, and therefore humans, have “evolved in 

environments where resources and dangers were unpredictably distributed in space and 

time” (Öhman, Flykt, & Esteves, 2001, p. 466), it seems only logical that humans would 

be predisposed to rely on their visual system to rapidly detect stimuli that could enhance 

or interfere with the achievement of survival goals. Without the ability to visually extract 

critical survival information from the environment, humans would be much less able to 

develop behaviours and responses to their surroundings which favor such goals (Öhman, 

Lundqvist, & Esteves, 2001). That attention is drawn to certain sources of visual 

information which are irrelevant to short-term goals may by this view reflect an inherent 

adaptive quality of the human visual system. 

Such a capacity to rapidly learn which aspects of the environment require attention 

would hold certain advantages in allowing important sources of information to be 

detected during future interactions with the visual environment (see Wu, Weissman, 

Roberts, & Woldorff, 2007; and Kanwisher & Wojciulik, 2000 for a review). This idea is 

corroborated by a demonstration by Nairne, Thompson, and Pandeirada (2007) that 
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information that has been encoded in the context of its relevance to survival is at an 

advantage to that for information which is not relevant to survival in terms of recall and 

recognition. Over four experiments, Nairne et al., (2007) required that participants rate 

nouns in terms of either their relevance to survival or to non-survival dimensions. For 

instance, item pleasantness, item relevance for moving to a distant land, and personal 

relevance of the items. The results are straightforward in the support they lend to the idea 

that memory is better for information which has been encoded in terms of relevance to 

survival than in terms of relevance to something other than survival. A memory 

advantage was observed in terms of both recall and recognition for words that had been 

previously evaluated as relevant to survival. 

An account which keeps such arguments in mind may predict that an observer is 

more likely to show attentional priority to information in the visual environment that is 

elevated importance, and presumably its spatial position. Little evidence was found in 

support of such a prediction in the present study, however, with the exception of a spatial 

priming effect for target items in Experiment 2. Alternatively, once visual information 

that is thought to be of high relevance to an organism has gained attention, it may receive 

further evaluation in the form of conscious cognitive evaluative processes which rely less 

on automatic visual processing and more on attention-dependent mechanisms. The 

current results provide stronger support for the latter argument, as global impairment 

effects were observed during the probe event on trials which involved recent exposure to 

an emotionally-charged distractor. 
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General implications of the current study  

The current study contributes at once to the literature on visual attention and 

memory, while also providing a clear demonstration that visual attention is not only 

modulated by sources of visual information which are immediately available in the visual 

environment but also by prior experience with information which is no longer present in 

that environment. The current results corroborate existing findings suggesting that the 

human perceptual and cognitive systems are highly sensitive to emotionally-charged 

stimuli. It also provides new information about the influence of processing emotional 

stimuli on relatively immediate, and relatively delayed downstream processing of visual 

information. The current findings also suggest more broadly that task-irrelevant distractor 

information can exercise a relatively stronger or weaker influence on attention across 

time as a function of memory for the experience with that distracting information.  

Further, spatial attention is presently recognized as being sensitive to emotional 

visual information in a number of contexts. However, little is known about how memory 

for experiences with emotionally-charged visual information affects future visuo-spatial 

navigation in the visual environment. The present study provides evidence that 

information which is peripheral to the performance of a goal task may influence that task 

through the immediate competition it presents for attention when it is presented, and that 

such an influence of distractor information that is emotionally-charged may be global, 

rather than specific to the position at which it occurs. When the distracting information is 

emotionally-charged, such immediate effects may be generated as a function of direct 

interference that occurs on the basis of a process of Emotional Modulation (Pessoa, 
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Kastner, & Ungerleider, 2002) or Affective Modulation (Anderson, 2005) of attention to 

the emotionally-charged distracting information, which supports its further assessment. 

The current findings also reveals that exposure to efficiently distracting 

information has robust and less direct consequences for attention across time and similar 

visual environments. Of the mechanisms discussed, an account which attributes a 

persistent disruptive effect on attention to memory-based processes initiated later in time 

once the source of the distraction is removed appears most suited. Such processes provide 

a stronger account of the effects described by positing that the increase in demands on 

attention at the time of the probe event were reinstated, rather than resulting from either a 

persistent increased demand on attention or a persistent evaluative processes, either of 

which may have been initiated at the time of exposure to the emotionally-charged 

distractor. 

In keeping with the suggestion that “effects of previous attentional allocation 

during visual search should be distinguished from effects of simple previous exposure on 

visual processing” (Lamy, Amunts, & Bar-Haim, 2008, p. 151), the current study served 

as an initiative in the differentiation between the bases underlying immediate and 

transient effects of disruptions to attention as a function of the presentation of stimuli 

known to draw attention.  

Persistent attention and evaluation of emotionally-charged distractor information 

may foremost appear to be the basis of a cost to attentional processes which may 

otherwise be devoted to goal oriented tasks that are engaged in day to day. On the other 

hand, more extensive processing of efficiently distracting information, whatever the basis 

of its potency as a distractor may be, should also be considered highly appropriate to an 
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observer, in that it affords the observer benefits in excess of any temporary costs to 

attention, namely the opportunity to respond to such information appropriately. 

 

Limitations and future research 

It was established with Pilot Studies 1 and 2a and b that the emotionally-charged 

stimuli that were used as sources of distracting information were generally effective for 

the purposes of the study. The greater capacity for these to distract observers’ attention 

than relatively neutral stimuli was useful for testing the effects of distracting information 

on both immediate and subsequent perception and performance. The methodological 

techniques used, however, allowed for limited conclusions with respect to whether 

attention was drawn and held to the spatial position at which the critical distractor items 

were presented, relative to other distractor items. Further investigations might be focused 

on the attentional processes that occur during the prime event, and any location-specific 

predictions which could be drawn about the effects observed during the probe event. In 

particular, the nature of the visual behaviour surrounding potentially unique visual 

responses to emotionally-charged stimuli presented as distractors should be further 

investigated. Furthermore, a better understanding of the visual mechanisms which are in 

operation during the prime event would enable a comparison between the specific 

patterns of visual attention which occur during the presentation of an emotionally-

charged distractor and any potential recurrence of that pattern during a subsequent and 

separate visual event. From such comparisons it would be possible to investigate whether 

factors such as the duration of fixation of an emotionally-charged distractor has relevant 
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consequences for whether the position it occupies is returned to during subsequent 

processing in a similar visual environment. 

Another line of inquiry which may follow from the current investigation is one 

concerned with whether the effects in the present study that were described in terms of a 

refractory period involve a discrete disruption of attention, resulting in a delay in the re-

engagement of attention to the goal task, or whether the disruption engages attentional 

processes which occur in parallel with performance of the goal task, compounding 

demands placed on attention. In addition, further investigation could be conducted on 

whether the cognitive refractory period described in the current study differs as a function 

of the valence of the emotionally-charged distractor presented during the prime event 

when arousal is held constant. The current study involved the presentation of stimuli 

which was qualified as arousing to different degrees. In spite of such a qualification, the 

subjective valence attributed to the emotionally-charged distractor stimuli as a function of 

individual differences and experience are limiting to the conclusions that can be drawn 

about valence-based differences. 
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APPENDIX A 

LETTER OF INFORMATION/INFORMED CONSENT 

Influences on the Orientation of Spatial Attention 

 

Research Project Title: Influences on the Orientation of Spatial Attention 

Researcher (P.I.): 
Principal Researcher   Supervised by 

Danielle Labossiere    Dr. Jason Leboe-McGowan 

umlabo05@cc.umanitoba.ca  leboej@cc.umanitoba.ca 

 

Room P14 Duff Roblin Trailer Complex 

University of Manitoba 

Winnipeg, Manitoba, R3T 1N2 

 

This consent form, a copy of which will be left with you for your records and reference, is only part 

of the process of informed consent. It should give you the basic idea of what the research is about and 

what your participation will involve. If you would like more detail about something mentioned here, 

or information not included here, you should feel free to ask. Please take the time to read this 

carefully and to understand any accompanying information. 

 

Purpose: The general aim of the study is to understand the principles by which attention is allocated to 

information in visual space. 

 

Description: Participation in this study will involve viewing a series of images. The content of the images 

will range from landscapes (for example, a backyard, a garden, or a park) to cityscapes (for example, one or 

many buildings, one or many houses) to nude body parts (for example, a breast, a bottom, a hand, or a foot) 

to random objects (for example, a marble, a mug, or a fork). Each image will be presented for a brief 

duration on a computer monitor, and you will be asked to make a judgment about some dimension of the 

image. A total of 300 individual images will be presented. The experiment will take 30 minutes to 

complete. Ratings in response to each image will be recorded by key press on a computer keyboard. 

 

Risks and Benefits: Participation in the present experiment does not involve any risks or benefits beyond 

that experienced in everyday life. However, it is possible that participants may experience boredom or grow 

tired of viewing displays due to the repetitive nature of the task. To prevent these possibilities, progress 

through thee experiment is self-paced and participants may choose to take a break at any point of the study. 

 

Confidentiality: Any personal information with which you provide the experimenter for the present study 

will be held confidential and kept secured in an office to which only researchers have access. Information 

such as your name and student number is being collected to the ends of awarding you your credits in 

exchange for your participation in the study. It is important to note that data contributed to the study by any 

given individual participant will be assigned a number only, and will not be associated to any personal 

information. For this reason, feedback on any given individual participants’ results in the study cannot be 

provided. Personally identifiable information (name and student number) will be destroyed at the end of the 

term during which it was collected. 

 

Compensation: Participants will receive course credit in the introductory psychology course in which they 

are enrolled in exchange for their participation in the present study. The experiment will take 30 minutes to 

complete. As a result, 1 course credit will be awarded in exchange for participation. 

 

Participation: Please note that your participation in the present experiment is completely voluntary and 

that you have the right to discontinue your participation at any time, both during and after the experiment. 

Participants who choose not to participate, or who chose to terminate participation during or after they have 

begun the experiment will still receive credit for participation. 
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Contact: If you have any questions regarding your participations in this study or about the experiment 

itself, please contact the principle investigator whose information is listed at the top of this page. 

 

 

Results of the Study: Participants who wish to receive summary information regarding the outcome of the 

study may choose to provide us with their email address on the space provided below. The summary will be 

provided one month following the completion of data collection of the study. 

 

Email (optional): _______________________________ 

 

Consent: Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject. In no way 

does this waive your legal rights nor release the researchers, sponsors, or involved institutions from their 

legal and professional responsibilities. You are free to withdraw from the study at any time, and/or refrain 

from answering any questions you prefer to omit, without prejudice or consequence. Your continued 

participation should be as informed as your initial consent, so you should feel free to ask for clarification or 

new information throughout your participation. 

 

This research project is being conducted for the PhD thesis of doctoral student Danielle Labossière 

and has been approved by the Psychology/Sociology Ethics Board at the University of Manitoba. If 

you have any concerns or complaints about this project you may contact any of the above-named 

persons or the Human Ethics Secretariat at 474-7122, or e-mail margaret_bowman@umanitoba.ca. 

A copy of this consent form has been given to you to keep for your records and reference. 

 

 

________________________________________________________________ 

Participant’s Name (Please Print) 

 

________________________________________________________________ 

Participant’s Signature     Date 

________________________________________________________________ 

Researcher and/or Delegate’s Signature   Date 
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APPENDIX B 

LETTER OF INFORMATION/INFORMED CONSENT 

Influences on the Orientation of Spatial Attention  

 

Research Project Title: Influences on the Orientation of Spatial Attention 

Researcher (P.I.): 
Principal Researcher   Supervised by 

Danielle Labossiere    Dr. Jason Leboe-McGowan 

umlabo05@cc.umanitoba.ca  leboej@cc.umanitoba.ca 

 

Room P14 Duff Roblin Trailer Complex 

University of Manitoba 

Winnipeg, Manitoba, R3T 1N2 

 

This consent form, a copy of which will be left with you for your records and reference, is only part 

of the process of informed consent. It should give you the basic idea of what the research is about and 

what your participation will involve. If you would like more detail about something mentioned here, 

or information not included here, you should feel free to ask. Please take the time to read this 

carefully and to understand any accompanying information. 

 

Purpose: The general aim of the study is to understand the principles by which attention is allocated to 

information in visual space. 

 

Description: Participation in this study will involve viewing a series of visual displays, each of which will 

contain an array of images, and each of which will be presented on a computer monitor until a response is 

made. The content of the images will range from landscapes (for example, a backyard, a garden, or a park) 

to cityscapes (for example, one or many buildings, one or many houses) to nude body parts (for example, a 

breast, a bottom, a hand, or a foot) to random objects (for example, a marble, a mug, or a fork). In response 

to each display, participants are required to identify the location of a target image, and to indicate its 

location by pressing a key on a keyboard. A total of 200 displays will be presented as 200 individual trials. 

The experiment will take one hour to complete. Responses made to each display will be recorded by key 

press on a computer keyboard. Progress through the experimental trials is self-paced. 

 

Risks and Benefits: Participation in the present experiment does not involve any risks or benefits beyond 

that experienced in everyday life. However, it is possible that participants may experience boredom or grow 

tired of viewing displays due to the repetitive nature of the task. To prevent these possibilities, progress 

through the experiment is self-paced and participants may choose to take a break at any point of the study. 

 

Confidentiality: Any personal information with which you provide the experimenter for the present study 

will be held confidential and kept secured in an office to which only researchers have access. Information 

such as your name and student number is being collected to the ends of awarding you your credits in 

exchange for your participation in the study. It is important to note that data contributed to the study by any 

given individual participant will be assigned a number only, and will not be associated to any personal 

information. For this reason, feedback on any given individual participants’ results in the study cannot be 

provided. Personally identifiable information (name and student number) will be destroyed at the end of the 

term during which it was collected. 

 

Compensation: Participants will receive course credit in the introductory psychology course in which they 

are enrolled in exchange for their participation in the present study. The experiment will take 1 hour to 

complete. As a result, 2 course credits will be awarded in exchange for participation. 

 

Participation: Please note that your participation in the present experiment is completely voluntary and 

that you have the right to discontinue your participation at any time, both during and after the experiment. 
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Participants who choose not to participate, or who chose to terminate participation during or after they have 

begun the experiment will still receive credit for participation. 

 

Contact: If you have any questions regarding your participations in this study or about the experiment 

itself, please contact the principle investigator whose information is listed at the top of this page. 

 

Results of the Study: Participants who wish to receive summary information regarding the outcome of the 

study may choose to provide us with their email address on the space provided below. The summary will be 

provided one month following the completion of data collection of the study. 

 

Email (optional): _______________________________ 

 

Consent: Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject. In no way 

does this waive your legal rights nor release the researchers, sponsors, or involved institutions from their 

legal and professional responsibilities. You are free to withdraw from the study at any time, and/or refrain 

from answering any questions you prefer to omit, without prejudice or consequence. Your continued 

participation should be as informed as your initial consent, so you should feel free to ask for clarification or 

new information throughout your participation. 

 

This research project is being conducted for the PhD thesis of doctoral student Danielle Labossière 

and has been approved by the Psychology/Sociology Ethics Board at the University of Manitoba. If 

you have any concerns or complaints about this project you may contact any of the above-named 

persons or the Human Ethics Secretariat at 474-7122, or e-mail margaret_bowman@umanitoba.ca. 

A copy of this consent form has been given to you to keep for your records and reference. 

 

 

________________________________________________________________ 

Participant’s Name (Please Print) 

 

________________________________________________________________ 

Participant’s Signature     Date 

________________________________________________________________ 

Researcher and/or Delegate’s Signature   Date 
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APPENDIX C 

LETTER OF INFORMATION/INFORMED CONSENT 

Influences on the Orientation of Spatial Attention  

 

Research Project Title: Influences on the Orientation of Spatial Attention 

Researcher (P.I.): 
Principal Researcher   Supervised by 

Danielle Labossiere    Dr. Jason Leboe-McGowan 

umlabo05@cc.umanitoba.ca  leboej@cc.umanitoba.ca 

 

Room P14 Duff Roblin Trailer Complex 

University of Manitoba 

Winnipeg, Manitoba, R3T 1N2 

 

This consent form, a copy of which will be left with you for your records and reference, is only part 

of the process of informed consent. It should give you the basic idea of what the research is about and 

what your participation will involve. If you would like more detail about something mentioned here, 

or information not included here, you should feel free to ask. Please take the time to read this 

carefully and to understand any accompanying information. 

 

Purpose: The general aim of the study is to understand the principles by which attention is allocated to 

information in visual space. 

 

Description: Participation in this study will involve viewing a series of visual displays, each of which will 

contain an array of images, and each of which will be presented on a computer monitor until a response is 

made. The content of the images will range from landscapes (for example, a backyard, a garden, or a park) 

to cityscapes (for example, one or many buildings, one or many houses) to nude body parts (for example, a 

breast, a bottom, a hand, or a foot) to random objects (for example, a marble, a mug, or a fork). In response 

to each display, participants are required to identify the location of a target image, and to indicate its 

location by pressing a key on a keyboard. A total of 400 displays will be presented, paired up into 200 

trials. The experiment will take one hour to complete. Responses made to each display will be recorded by 

key press on a computer keyboard. Progress through the experimental trials is self-paced. 

 

Risks and Benefits: Participation in the present experiment does not involve any risks or benefits beyond 

that experienced in everyday life. However, it is possible that participants may experience boredom or grow 

tired of viewing displays due to the repetitive nature of the task. To prevent these possibilities, progress 

through the experiment is self-paced and participants may choose to take a break at any point of the study. 

 

Confidentiality: Any personal information with which you provide the experimenter for the present study 

will be held confidential and kept secured in an office to which only researchers have access. Information 

such as your name and student number is being collected to the ends of awarding you your credits in 

exchange for your participation in the study. It is important to note that data contributed to the study by any 

given individual participant will be assigned a number only, and will not be associated to any personal 

information. For this reason, feedback on any given individual participants’ results in the study cannot be 

provided. Personally identifiable information (name and student number) will be destroyed at the end of the 

term during which it was collected. 

 

Compensation: Participants will receive course credit in the introductory psychology course in which they 

are enrolled in exchange for their participation in the present study. The experiment will take 1 hour to 

complete. As a result, 2 course credits will be awarded in exchange for participation. 

 

Participation: Please note that your participation in the present experiment is completely voluntary and 

that you have the right to discontinue your participation at any time, both during and after the experiment. 
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Participants who choose not to participate, or who chose to terminate participation during or after they have 

begun the experiment will still receive credit for participation. 

 

Contact: If you have any questions regarding your participations in this study or about the experiment 

itself, please contact the principle investigator whose information is listed at the top of this page. 

 

Results of the Study: Participants who wish to receive summary information regarding the outcome of the 

study may choose to provide us with their email address on the space provided below. The summary will be 

provided approximately two months following the completion of data collection of the study. 

 

Email (optional): _______________________________ 

 

Consent: Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject. In no way 

does this waive your legal rights nor release the researchers, sponsors, or involved institutions from their 

legal and professional responsibilities. You are free to withdraw from the study at any time, and/or refrain 

from answering any questions you prefer to omit, without prejudice or consequence. Your continued 

participation should be as informed as your initial consent, so you should feel free to ask for clarification or 

new information throughout your participation. 

 

This research project is being conducted for the PhD thesis of doctoral student Danielle Labossière 

and has been approved by the Psychology/Sociology Ethics Board at the University of Manitoba. If 

you have any concerns or complaints about this project you may contact any of the above-named 

persons or the Human Ethics Secretariat at 474-7122, or e-mail margaret_bowman@umanitoba.ca. 

A copy of this consent form has been given to you to keep for your records and reference. 

 

 

________________________________________________________________ 

Participant’s Name (Please Print) 

 

________________________________________________________________ 

Participant’s Signature     Date 

________________________________________________________________ 

Researcher and/or Delegate’s Signature   Date 
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APPENDIX D 

LETTER OF INFORMATION/INFORMED CONSENT 

Influences on the Orientation of Spatial Attention  

 

Research Project Title: Influences on the Orientation of Spatial Attention 

Researcher (P.I.): 
Principal Researcher   Supervised by 

Danielle Labossiere    Dr. Jason Leboe-McGowan 

umlabo05@cc.umanitoba.ca  leboej@cc.umanitoba.ca 

 

Room P14 Duff Roblin Trailer Complex 

University of Manitoba 

Winnipeg, Manitoba, R3T 1N2 

 

This consent form, a copy of which will be left with you for your records and reference, is only part 

of the process of informed consent. It should give you the basic idea of what the research is about and 

what your participation will involve. If you would like more detail about something mentioned here, 

or information not included here, you should feel free to ask. Please take the time to read this 

carefully and to understand any accompanying information. 

 

Purpose: The general aim of the study is to understand the principles by which attention is allocated to 

information in visual space. 

 

Description: Participation in this study will involve viewing a series of visual displays, each of which will 

contain either an individual image, or an array of images, and each of which will be presented on a 

computer monitor until a response is made. The content of the images will range from landscapes (for 

example, a backyard, a garden, or a park) to cityscapes (for example, one or many buildings, one or many 

houses) to nude body parts (for example, a breast, a bottom, a hand, or a foot) to random objects (for 

example, a marble, a mug, or a fork). In response to each display involving an array of images, participants 

are required to identify the location of a target image, and to indicate its location by pressing a key on a 

keyboard. A total of 400 displays will be presented, paired up into 200 trials. The experiment will take one 

hour to complete. Responses made to each display will be recorded by key press on a computer keyboard. 

Progress through the experimental trials is self-paced. 

 

Risks and Benefits: Participation in the present experiment does not involve any risks or benefits beyond 

that experienced in everyday life. However, it is possible that participants may experience boredom or grow 

tired of viewing displays due to the repetitive nature of the task. To prevent these possibilities, progress 

through the experiment is self-paced and participants may choose to take a break at any point of the study. 

 

Confidentiality: Any personal information with which you provide the experimenter for the present study 

will be held confidential and kept secured in an office to which only researchers have access. Information 

such as your name and student number is being collected to the ends of awarding you your credits in 

exchange for your participation in the study. It is important to note that data contributed to the study by any 

given individual participant will be assigned a number only, and will not be associated to any personal 

information. For this reason, feedback on any given individual participants’ results in the study cannot be 

provided. Personally identifiable information (name and student number) will be destroyed at the end of the 

term during which it was collected. 

 

Compensation: Participants will receive course credit in the introductory psychology course in which they 

are enrolled in exchange for their participation in the present study. The experiment will take 1 hour to 

complete. As a result, 2 course credits will be awarded in exchange for participation. 

 

Participation: Please note that your participation in the present experiment is completely voluntary and 

that you have the right to discontinue your participation at any time, both during and after the experiment. 
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Participants who choose not to participate, or who chose to terminate participation during or after they have 

begun the experiment will still receive credit for participation. 

 

Contact: If you have any questions regarding your participations in this study or about the experiment 

itself, please contact the principle investigator whose information is listed at the top of this page. 

 

Results of the Study: Participants who wish to receive summary information regarding the outcome of the 

study may choose to provide us with their email address on the space provided below. The summary will be 

provided approximately two months following the completion of data collection of the study. 

 

Email (optional): _______________________________ 

 

Consent: Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a subject. In no way 

does this waive your legal rights nor release the researchers, sponsors, or involved institutions from their 

legal and professional responsibilities. You are free to withdraw from the study at any time, and/or refrain 

from answering any questions you prefer to omit, without prejudice or consequence. Your continued 

participation should be as informed as your initial consent, so you should feel free to ask for clarification or 

new information throughout your participation. 

 

This research project is being conducted for the PhD thesis of doctoral student Danielle Labossière 

and has been approved by the Psychology/Sociology Ethics Board at the University of Manitoba. If 

you have any concerns or complaints about this project you may contact any of the above-named 

persons or the Human Ethics Secretariat at 474-7122, or e-mail margaret_bowman@umanitoba.ca. 

A copy of this consent form has been given to you to keep for your records and reference. 

 

 

________________________________________________________________ 

Participant’s Name (Please Print) 

 

________________________________________________________________ 

Participant’s Signature     Date 

________________________________________________________________ 

Researcher and/or Delegate’s Signature   Date 


