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Selective attention has been studied extensively and it is shown, for example, that
individuals with conditions such as anxiety show attention bias to threat-reiated. dt
has been proposed that humans are predisposed or that it is naturally adaptive to
selectively attend to emotional stimuli (Lang, 2000). Similarly, LeDA®96) and
others have proposed limbic brain networks allowing for quick and automatic, but
sometimes inaccurate, processing of emotion which bypasses primargl creas.
Along these lines, automatic attention bias to subliminal image cues in an adagted P
Covert Attention Task was examined in the current study. A sample of 64 participants
was used in each of three separate experiments to examine how individuals were cue
subliminally by negative or positive emotional vs. neutral images and the moduht
covert attention by emotion. Due to automatic or motivated attention to emotionally

salient stimuli, participants were expected to be facilitated in tagdrpemce by



negative and positive emotional image cues, relative to neutral cues. Fudteer, st
anxiety and depression were expected to impact performance on emotionalasueing
well.

As expected in Experiment 1, subliminal images produced significant covert
attentional cueing and only negative image cues compared to neutral ones produced
response time (RT) reduction by valid cueing across both cue-target delayor@ndit
Further, cueing differences between neutral and negative imageseenrersy at short
delays, supporting differential subliminal processing of emotional cues iiauizl
paradigms and supporting previous evidence of unconscious fear processing and
specialized automatic fear networks. Moreover, in Experiment 2, when delaysrigllow
subliminal cues were extended further, emotional cues did not differemtiatiylate
covert attention, suggesting that subliminal emotional cueing seems to occur more
immediately. Positive subliminal imagery in Experiment 3 was largely gesatul in
differentially modulating covert attention compared to neutral cues, suggésting t
positive information is either not effective in modulating covert attention ars@ver
similar immediate time durations as negative cues in Experiment 1llyf-thal presence
of self-reported state anxiety and depression affected task performspeaaby in
Experiment 1 negative for subliminal discrimination of negative vs. neutrgkimizes.
Overall, the current study adds to the research literature which demantiedte
emotional information, especially negative imagery processed at skeoviailst can be
processed below awareness to modulate attention in a different manner tisafidass

neutral stimuli and this modulation is further influenced by state anxiety cesbpe



symptomatology. Implications of these findings and future directions for obsagy

discussed.
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CHAPTER 1
INTRODUCTION

An important aspect of everyday life is the ability to make quick, automatic
decisions, sometimes based on limited available information. Many exampleglof ra
cognition were discussed in a popular book, such as psychologists accurately predicting
marital satisfaction from brief interpersonal observations, students showeifud tescher
effectiveness ratings from observing a 2-second video clip, and art experts¢ i
a 2-second glance that an alleged ancient sculpture was a forgetyw¢hl2004). Such
rapid cognition can be important in a variety of areas, from firefighters @mepafficers
making split-second decisions affecting others’ lives, to military comolexas reacting to
the actions of opposing forces, to even athletes performing actions quickly intlo¢ hea
competition. The focus of this dissertation is on how certain quick and automatic
decisions can be made based on emotional information and how such rapid processing is
modulated by emotional cues.

A variety of cues are utilized in automatic cognitive processing, with ilynate
prepared or emotion-related cues especially helpful at times in aidingicegrocesses
such as attention, decision-making, or memory. Danger signals, for exaraple, ar
important in making quick decisions and acting automatically to keep oneself safe
(LeDoux, 1996). During a hike in the woods, if one is about to step on a snake, it is very
important to be able to quickly and automatically recognize and act to avoid the gnake b
stepping out of the way, without having to stop and contemplate about a proper decision.

Likewise, most individuals can recall an instance in which they flinched or ducked when



an object was thrown at them rapidly, before they fully realized what wasrioce Only
afterwards does one usually notice that physiological responses such asethtieat
rate has occurred. Reactions driven by emotions, especially fear, can ooouatauaily,
and help regulate defensive reactions, food or sex seeking, and other behaviors (LeDoux,
1996). Stimuli that can be processed rapidly, with little or no training, are soraetime
referred to as biologically prepared or “hardwired” into one’s brain byolueland
others. Certain stimuli including spiders, snakes, or blood are thus assumed toddg innat
feared due to this tendency being passed down from ancestors, becausedilwenedr
avoidance of harm, aided survival, and was proven to be adaptive (Cummins &
Cummins, 1999). Negative emotional cues, especially fear cues, manddhis
category. Quick, automatic emotional reactions are the main focus of the cuojeat, pr
with the primary goals being to examine ways in which emotional reacti@madhtvith
attentional processes and to determuhnether attentional cueing by salient emotional
cues promotes faster attentional processing.

Attention and emotion are broad constructs that have been researched and
theorized about by a variety of disciplines, yet remain somewhat vaguepteeeen
though nearly everyone has an idea of what emotion and attention are. A number of
attention definitions and several types of attentional processes have baédredes-
some of them will be discussed in the first section of this literature relikewise,
emotion has been defined in various ways by researchers, though presently emotion
seems to be described in somewhat unclear terms and to be inadequately understood.

Some emotional models are explored later in this literature review, aasabi



importance of attention-emotion interactions and novel approaches to studying suc
interactions.

In order to better understand what elicits attention, and how situations such as
one’s current emotional state relate to selective attention, differentiattal
mechanisms need to be understood. Aspects of attentional processing such as covert
attention are explained in the upcoming literature review, but first a fevegtnare
briefly explained. Various types of selective attentional processedavestudied,
including early, automatic processes such as covert attention and more executive
processes such as sustained attention. Covert attention is a type of \asiaal-sp
processing that can be engaged quickly to spatial locations, using peripheral vision
independent of foveal eye movement (Posner & Peterson, 1990). Sustained attention, or
the maintenance of attention and concentration over time, can allow one to perform
demanding tasks for an extended period. In general, covert visual spatial attéomvsn al
detection of the location of stimuli on which to selectively attend and quick assgeggme
the importance of stimuli at that location. The major focus of the current proEmiert
spatial attention rather than sustained attention. The ensuing litestigw focuses on
the interaction among attentional and emotional processes to explain how emotisnal cue
affect covert attention. The primary goal is discovering whether emotoagks,
compared to neutral cues such as arrows or other symbols, are able to be processed more
quickly and utilized at shorter cue-target intervals as attentional cues.

Other terms are sometimes used interchangeably with the termtitaelec
attention”, though there are several discrete aspects to selectiveattent types of

visual attention. Stimuli to which one selectively attends are oftenedftras



“grabbing” or “catching” one’s attention, while boring tasks requiring one totaiai
attention to keep from missing necessary information are also sometimeseatkas
measuring selective attention. Selective attention can be describey aspe cognitive
process of selecting certain more relevant stimuli over others, oeadiagj to some
stimuli while ignoring others. It is important to be able to selectivelyatte certain
stimuli, as one cannot possibly process all available stimuli and informatioa in t
environment.

One classical attentional theory, Broadbent's filter theory (1957), stegbthat
early selection of stimuli based on a filtering mechanism allowsrgatimuli (i.e., one’s
name) to pass through while less important ones are blocked from further pro¢8es
Figure 1 below). For example, in dichotic listening tasks, individuals hear iafiom
presented to both ears but selectively attend to and repeat only the informanhereat.
They are able to describe very little information from the unattended ear, ant in fac
often cannot identify words, phrases or even the language of the information presented to
the unattended ear (Moray, 1959).

While dichotic listening tasks lent some support to Broadbent’s early selecti
theory, apparently not all information is selectively filtered and blocked fnore
thorough processing. Further research failed to fully support predictions ofttiis ea
selective attentional filter model. For example, in the “cocktail pargceffa person can
selectively hear and attend to their own spoken name amidst numerous noises and other
distractions (Moray, 1959) in a crowded setting. Similarly, familiardadieit visual

selective attention in a crowd filled with other available and interestingl\dsasa, and



seem more likely to draw our attention than strangers. Thus, it is clear tiaat cer

environmental stimuli elicit attention more readily than others.

Further
Processing

Input

Selective
Filter

Figure 1.Depiction of bottleneck in Broadbent'’s limited cajig filter model of attentional

processing. Environmental information is tempoyastored, sorted by a filter, and either
processed further or decays, thus demonstratinkytited capacity of human attentional

processing due to the bottleneck.

Emotionally salient information is a type of environmental stimulus that yeadil
elicits attention, such as emotional imagery, seeming to elicit geeztive attention
than other neutral images (Lang, 2000). Certain paradigms within psychology have
examined not just how, but why selective attention occurs to such emotional.dtimuli
Lang’s (2000) concept of motivated attention, also called natural selectingoatte
attentional allocation is driven by current physiological states includingenuing states
such as avoidance of harm, or by emotional/mood states. Motivated attention

hypothesizes that attention is allocated to certain salient environmemiali siecause of



evolutionary survival advantages. It may have been adaptive, for example, fatsai@m
notice and attend to potential predators in the environment, or to ignore some stimuli in
the environment so that other important stimuli are not overlooked. Allocating atténtiona
resources to insignificant stimuli in the presence of potential predatotd naLhave
promoted survival. Perhaps inability to notice and attend to emotional stimuli such as
facial expressions for humans would have been detrimental for the human spedtges, whi
being able to determine emotional expressions or notice dangerous stindiinaide
survival and social development.

Similar to Lang’s notions might be that emotional information including a¥iect
words can elicit greater attention or be particularly hard to ignore, afipednen in an
emotional state. What becomes clearer based on the great deal of resedrebrax t
about attention and emotion is that humans appear to be predisposed or biologically
“hardwired” to attend and respond to certain types of emotional information (LeDoux,
1996). In other words, certain stimuli need less training or conditioning in order to be
prepared to respond promptly. As mentioned, just as one would be more likely to
selectively attend to food cues when in a hungry state, one may similarly statergr
responses and selective attention to emotional cues, especially when thegarerton
with current emotional states.

Lang’s model may thus help explain the tendency to attend to events related to
psychopathology. Individuals with certain psychological disorders, for instangdyena
predisposed to attend to stimuli related to their disorder. Those with anxietyedgsor
tend to focus more readily on perceived environmental threats; those withvaffect

disorders may more easily notice such interpersonal cues as a dispaoagi to a peer’'s



voice. Such attentional bias has been found in a number of studies, with panic-related
words for panic disorder patients, threat-related words during high statéyanxie

phobic words in phobia patients in the presence of the feared stimuli, and with negative
concern-related words for depressed patients, among other researchn@rass

Ruiter, & Kindt, 1999; Lundh, Wikstrom, Westerland, & Ost, 1999; Nunn, Mathews, &
Trower, 1997; Wells & Matthews, 1994). Bradley and colleagues found selective
attention biases for depression-related words during negative mood inductionyBradle
Mogg, & Lee, 1997) and negative recall bias to negative trait words after negatck
induction (Bradley, Mogg, Galbraith, & Perrett, 1993). In a real world situation, such
attention biases may apply to situations such as finding it particularlyutliffo ignore a
crying baby when in a negative emotional state, or to keep from being edtbgct
attractive individuals or cheerful music when in a positive emotional state.

While models such as Lang’s motivated selective attention strive to ekplain
and why selective attention occurs for certain environmental stimuli, other
neuropsychological models have sought to explain the processing of emotied-relat
stimuli by the brain. As Lang (2000) discusses, brain systems thatadesl t® approach
and avoidance behavior may aid in modulating motivated attention and help determine
which environmental stimuli are deemed most salient. Also related to assigning
importance to emotional cues, LeDoux’s (1996) model of emotional processing in the
brain describes a direct pathway to the amygdala from the thalamus that @liicker,
automatic processing of emotion-related stimuli. LeDoux has used his model in an

attempt to explain how psychological disorders such as phobias and post-tratresgic s



disorder (PTSD) relate to fear responses based on the direct, fastipgoégsurticular
emotional information.

LeDoux’s model is related to and may be useful for studying relationships
between selective attention and emotional processing. Studying seleetit®atbias
and emotion requires the development of specialized methodology, and has led to the use
of various cognitive and attentional tasks to examine responses to stimuli sumtdas w
and imagery. Such tasks have aided in relating selective attention to emottesaast
psychopathology, but may not completely measure ways in which emotion affects
attention and information processing. Discovering how individuals attend to emotional
stimuli and use emotional information to cue attention may provide useful insights and
implications, including the nature of psychopathology, or ways in which to conduct
clinical interventions and assessments.

Related to quick, automatic processing, cognitive models have described how
information can be processed without conscious awareness, or subliminally. This has
been found in various studies, including Winkielman and Berridge’s (2004) findings that
suggest that processing of emotional information below the conscious threshold can
affect subsequent behavior and choices even without conscious feelings. In addition,
Bradley, Mogg, and Williams’ work with subliminal priming in relation to mood and
affect shows that automatic attentional processes in response to subliminahamot
cues may be biased or disrupted in individuals with high negative affect (Bradley, Mogg,
& Williams, 1994; Mogg, Bradley, and Williams, 1995).

In order to extend research in areas of attention, emotional processing, and

subliminal priming, the current study is designed to examine covert attention and



cognitive processing related to emotional cues in order to better understagldtiba of
attention and emotion. LeDoux’s (1996) model of emotional processing is discussed as a
basis for how emotional information might be processed more quickly than otheofype
information. Interactions between emotional processing and covert atterion ar
examined using a modification of an existing attentional task, Posner’s cdeptiosat
paradigm (Posner, Snyder, & Davidson, 1980). The primary goal of the current project is
to examine behavioral responses to cognitive versus emotional cues to investigate
whether faster emotional processing and greater attentional primiradjdnt €motional

cues occurs. Many current models of attentional processing and tasks designed t
measure aspects of selective attention (i.e., Lang, 2000) do not incorpoiguekhe
automatic nature of emotional effects on selective attention. Beforeviegithe

interaction of emotion and attention as well as specifics of emotional informati
processing, it is first necessary to describe the broad construct obatimd explore

some basic definitions.
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LITERATURE REVIEW

In focusing on attention, emotion, and interactions among attentional and
emotional processes in the current literature review, several prineay are first
addressed. The review briefly addresses prior descriptions and models airattesti
well as methods that have been used to investigate selective attentiorsaliase it
refers to several methods of studying the association between emotionaéandrel
processes, it is useful to briefly discuss such methods. Among the differendtypes
attention that have been researched, the current project focused on cavisohatie
emotional versus neutral image cues. Moreover, this review descriesoatal and
emotional processing models, including a model explaining why emotional cues should
be processed more quickly, and thus impact covert attention at shorter cue-target
intervals. First, however, the focus is on models of attention.
Descriptions of Attentional Processing

“Focus your attention; pay attention now.” Such phrases are frequently used,
whether it is a parent speaking to a small child while teaching basic skalgotiege
professor addressing a class while preparing for an upcoming test. porpose of the
current literature review, it is necessary to define the concept of attamtd basic
attentional processes. However, it can be a challenge to define a broadot@ousth as
attention and describe it in practical terms. Though attention may be a complessgmc
describe and research, numerous experts have tried to create suitable wonkitgndef
In this review, a few classical and more contemporary conceptualizafiattention are

explained before moving on to models of attentional processes.
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Wells and Matthews (1994) describe attention within an information-processing
model as a selection or prioritization of certain types of information for further
processing, which does not necessarily differentiate between attentiomoas a
controlled or conscious process and as containing automatic aspects. Utal (2000)
concludes that attention, which is an observable component of information processing, is
not a separate element of cognition but a measure of it, and, he considers attention an
observable component of information processing. Some authors, then, consider attention
to be dependent upon or a measure of information processing, suggesting thatrgimuli a
processed at some level before or during selection and attentional alloSaittbn
notions of attentional processing will be further discussed in an upcoming section. As
will be pointed out, while some early attentional models do propose that information is
processed at some level before selective attention, not all theorists\agreement.

Attention has also been described within a motivational context, as the notion of
attention as a somewhat rational or voluntary process may overlook the idea of
attentional modulation by states such as hunger or need for protection frorfLhagn
Bradley, & Cuthbert, 1997). This aspect of attention has been referred to as natural
selective attention or motivated attention, and refers to assigning attepti@nizy to
the most important stimuli to which organisms are naturally more motivatedgorrd.

This view of attention will be described thoroughly in upcoming sections.

Though “paying attention” or “focusing attention” seems to imply an active or
conscious role, voluntary selection of stimuli is not always necessardntianal
allocation to occur (Cowan, 1997). For example, a loud explosion nearby would likely

draw one’s attention for some amount of time, regardless of what one is doing. Wells and
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Matthews (1994) note that several processes, both controlled and automatic, cootribute t
attentional processing. Hence, a potentially useful way to describeattento identify
distinct steps or basic processes in attentional allocation. Such distindsdspec
attention, including the ability to select a specific stimulus on which to contentra
shifting attention from one stimulus to another or among stimuli, or maintaining
attention, could occur at more than one point in the selective attention process (Zubin,
1975). Mirsky, Pascualvaca, Duncan, and French (1991) relied on factor analyss of ov
600 individual neuropsychological assessments in discovering several didergiorsil
components. By including many individuals with attentional deficits and usingesglec
assessment batteries believed to be most sensitive to attentional inmpsitdiesky et

al. found such distinct components as encoding (i.e., information processing), focusing
(i.e., fixating attention), executing, sustaining (i.e., concentrating), and shafting
attention to a new location or stimulus.

From above-mentioned research, it becomes clear that attention is a prdcess tha
can occur in steps. Covert attention also occurs in distinct steps similar tosZ9in5)
above descriptions. Covert attention is described briefly as allocation of visundicat
to a spatial location without eye movement, using peripheral vision to attend to visual
stimuli. One step in covert attention is disengagement from its current focunexthatep
is the shift of attentional focus to a new location. Finally re-engagementeft
attention to the new location occurs (Posner & Peterson, 1990). Another way ohgeferri
to covert attention is in terms of a spotlight (Goolkasian & Tarantino, 1999). Ifiattent
is focused on some central point, then any stimulus that falls within in the range of the

visual “spotlight” can be processed, even when not looking at the stimulus directly.
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Support for this view comes from covert attention studies showing the benefit of
peripheral attentional cues to targets and a number of other studies (Posner,&nyder,
Davidson, 1980).

All'in all, despite difficulty in characterizing the broad concept attentional
processing, it seems apparent that several discrete and identifialulies a$@dtention
exist. Further examples of attentional mechanisms and models of attentionciiieede
in more detail in upcoming sections. Possible explanations for selectivecattenti
certain types of stimuli are also identified and discussed in upcoming sectiores befor
attentional processes are related to emotional processes. Next,teatlgradl models
are briefly described. Classic attentional models are important to meinicertisey
provided a basis for further conceptualizations of and research on attention.
Classical Models of Attention

In the 1950s, psychological researchers (e.g., Broadbent, 1957; Moray, 1959)
provided models for examining attentional functioning, and covert attention appears
similar to what cognitive theorists described in early-processiagtethal models.
Broadbent’s original conceptualization of attention is probably most relavaiatly
attentional processes. In Broadbent’s (1957) model of limited capacityi@tednt
processing (see Figure 1), incoming information is temporarily stored, ditigrd
selects which information is to be further processed. Information can be soeddhbas
physical characteristics or sorted based on “channels,” such as attenduditory
information from one versus the other ear. Information that is filtered out is nospedce
further and decays quickly, while information that passes through the atteffittenal

enters into short-term memory and is further processed. Thus, based on Broadbgnt's e
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attentional processing, human attention has a limited capacity and sdesme toouble
processing simultaneous arriving signals, which can create an attefibiottigneck.”

Despite the filter, physical attributes such as pitch or loudness of voicesdarkiness

of printed words can be processed (Broadbent, 1957). Certain problems do exist with this
model, such as the aforementioned “cocktail party effect” in which one cad &ita

current conversation at a large, noisy party while tuning out other conversations as
background noise. However, if someone close by mentions one’s name or a salient word
such as “sex,” then this stimulus might be hypothesized to break through themadienti

filter and be processed for meaning.

Moray (1959) studied the cocktail party phenomenon by asking participants to
listen to a message presented to one ear while ignoring another messagegtesbat
opposite ear. This paradigm is called dichotic listening, and classicalatterddels
were based in large part on dichotic listening tasks using shadowing techimques.
dichotic listening, participants are required to listen to and “shadow” one mesagge pl
to one ear through headphones while attempting to ignore the message to the other ear
(Reisberg, 2001). In shadowing, participants listen to the attended message alvid ar
to repeat the speech word for word after some practice, though usually unableess pr
or report information of substance about the unattended message (Cherry, 1953;
Treisman, 1964).

The important point from Moray’s research is that despite attempts to ignore a
message at the unattended ear, and hearing very little of this mesdage wands
would “leak” through and catch one’s attention. In fact, about a third of participants ¢

hear their own name embedded within the unattended message. Hence, Broadbent’s



15

model of early filtering and limited capacity seems to be somewhat lackicgytain
information which was actively ignored and supposedly filtered out was still gextes
for meaning at some level. However, Broadbent did conceptualize earlycaténti
processes such as those involved in covert attention.

What seems to emerge from considering Moray’s dichotic listening aldtfrcam
the “cocktail party effect” is this: individuals apparently understand at $ease
meaningful information from unattended or ignored stimuli. In fact, that attention can be
captured at all by such meaningful stimuli as one’s name implies that grengdas
been analyzed or processed at least some of the time by certain individusdforéhe
early selection attentional theories such as Broadbent’s do not seem tofbetsatis
However, individuals appear to gain more meaningful information from activelydzitl
stimuli and thus late selection models may also be inadequate to thoroughlgedescri
selective attention.

An alternative model was clearly needed, and Treisman (1964) sought to integrate
early and late selection models to provide a more thorough description of attentional
processing. In Treisman’s study, individuals fully fluent in two languagee able to
perceive identical messages presented in one language to one ear and in the other
language to the unattended ear. Though processing appeared much better for attended
messages, some processing still occurred for unattended messages, leasingnl
(1964) to propose an attenuation model of attentional processing. The attenuation model
asserts that a selective filter attenuates, rather than comikteks, information to the
attended channel so that one can still ignore unattended stimuli. When salienttinforma

such as one’s own name reaches an unattended channel, “breakthrough” can occur so that
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unattended information is processed. Stimuli can be filtered based on physicaigspper
while messages can be selected for attention and further processing basedrin cont
Salient stimuli such as one’s name have lower thresholds for awarenesgendeeht
information could pass through in a weaker form, and this system would allow nearly
simultaneous processing of several inputs. It seems likely that othet gaficemation,
such as emotional cues, would also would pass through the filter threshold for agiarenes
Thus, Treisman’s (1964) attenuation model explained existing attentional data and
achieved a more thorough explanation of selective attention. Though some questions,
such as how a stimulus could be partially processed, were left unansweredalclassi
models helped provide a foundation for subsequent research and are still relevant. Most
important for the current project would be the way emotional stimuli would be
recognized as salient and be selected for further processing. Alsdjlearhg relates to
rapid, automatic aspects of covert attention and whether emotional stimulssuch a
affective images would be selected as salient. Early versus latsgirg and
Treisman’s attenuation model can be related to current overall reseaistof
examining whether emotional stimuli as those discussed by Lang or Le€auliiol
faster selective attentional responses. Therefore, it is useful and ngtessantion
such classic attention models in the current literature review.
Since these classical models were proposed, based in large part on such tasks as
dichotic listening, other selective attention measurement tasks have belepedand
tested. Next, basic methodology that has been utilized to measure attentionalgsreces
reviewed before more specific aims of this project are mentioned.

Selective Attention Measurement
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In the preceding section, classical models describing early versutidatsoaal
selection were briefly described in terms of how they set a foundation fomatkis,
including how emotional stimuli are more likely to draw attention (Lang, 2000) or be
processed more quickly (LeDoux, 1996). Original attentional models were basegkin la
part from dichotic listening data using shadowing techniques, during whieh littl
unattended auditory information is processed, though salient stimuli such as one’s name
leak through (Moray, 1959). Other methods of attentional measurement have been
developed and frequently used in order to further develop attentional models and study
interactions among emotion and attention. Such methods have allowed researchers to
study which types of stimuli catch one’s attention over others and are théobasis
selective attention research. Stimuli that readily draw attention maydprmsight into
more controlled versus automatic attentional mechanisms, and how emotional stimuli
might draw covert attention more quickly.

Selective attention is often measured by instructing participants to attend t
certain stimuli, often “oddballs,” which might be shapes, images, written words, or
sounds, while ignoring others (Lang, 2000). Negative threat words or comments during
tasks are often more attended to or are more distracting to certain individuals, f
example (Wells & Matthews, 1994). Responses under such conditions help to
characterize selective attention in terms of stimulus salience, slimceiaonmental cues
cannot be processed at once (Colby, 1991). The important need to be aware of potentially
salient environmental stimuli such as novel visual cues or emotional information can be

studied (Lang, 2000), as can how quickly such stimuli are processed.
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Characterizing how and when emotional states or emotional information
influences selective attention and subsequent processing and studying thest@|ati
between attention and emotion have been a goal of a great deal of research, For now
procedures and tasks that have been developed and used to measure selective attention
are described.

Perhaps the most widely used and most well-known task used in studying
selective attention has been the Stroop task. This task requires naming the color of
various words printed in different colors of ink, while the words also name colors. For
example, the word “blue” may be written in yellow ink or the word “red” writtegreen
ink (Stroop, 1935). Naming the color of such words, when measured over a number of
trials, is substantially slower than naming the color of neutral words sutlaiasdr
“clock.” The tendency to automatically process the word meaning irderf@th the
naming of the color of the word, and the failure to ignore this tendency is known as the
Stroop Effect (Posner & Snyder, 1975).

The Stroop task is useful in that it requires participants to ignore information i
order to perform the task, and one’s ability to inhibit the automatic urge to read or think
about the words can be assessed (Wells & Matthews, 1994). Ability to actively inhibit
processing of certain environmental stimuli may have important implicaticis
improving quality of everyday functioning, as maintaining attention in the face of
potential distraction is difficult and can be affected by many factors imguirrent
emotional state. Although the Stroop task has been an important cognitive task, it does

not measure the more automatic aspects of covert peripheral attention. Aspbdcs
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the location of visual attention are also not measured, which can be important. Visual
spatial attention paradigms are discussed next and subsequently covert attention.
Visual Spatial Attention

Visual spatial attention, or where in the visual environment selective attention
occurs, is controlled in a different manner psychologically and neurobiologileaftty
attention to stimuli in the Stroop task (Rafal, 1996). It incorporates more bafgpm-
primitive processes than the Stroop paradigm, and likely aided survival in that it i
important to ascertain where in the environment attention should be allocated. The
neurological difference between the Stroop and visual spatial paradignts vels
important, as the covert attention task investigates earlier, more aictattextional
responses to both emotional and neutral cues. One visual spatial task, the dot probe
paradigm, is discussed next before covering covert attention in greater dept

Dot probe paradigmAs noted, the allocation of attention typically implies the
focus of one’s gaze upon a particular visual location. Certain types of stimdieamed
more salient (i.e., emotionally or motivationally important) and eli@atgr attention,
and often dot probe tasks are used to discover stimuli on which individuals are focusing.
The dot probe paradigm is relevant because it measures how attention can ke affecte
emotional stimuli such as words or imagery (MacLeod, Matthews, & Tata, 1986).

The basic premise is that two stimuli are presented simultaneously, @itther o
left or right side of, or at the top or bottom of, a central point on a screen. When the
stimuli disappear from the screen, a small, difficult to see target (sneseé small dot
or pair of targets such as vertically oriented dots or arrows) occurs imtleepsaition as

one of the preceding words or images. Participants are required to press a button as
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rapidly as possible when the target probe appears (e.g., to press one of two buttons
corresponding to the vertical versus horizontal orientation of the arrow or the dot pair).
Instead of using covert attention, participants must look directly at the prgee ta
because the probe is very small and requires a directed foveal gaze to resolve the
orientation. This task also gives participants a choice of which precedimgisin

which to focus. Direct eye gaze is thus measured as an index of selectivergttardi
assumedly target locations on which participants fixate are responded to rokist s
stimuli drawing one’s gaze are deemed most salient.

Discovering stimuli that are apparently deemed the most salient @l vis
attention is important for concepts such as LeDoux’s conceptualization of erhotiona
stimuli as leading to quicker processing. In the dot probe task, threatening words have
been used to study stimuli that draw attention in depressed or anxious individuals, as
threat words produce quicker responses to targets at those locations (MacLeod,
Matthews, & Tata, 1986). Similarly, attentional processes have been examimgd us
depression and anxiety-related words paired with neutral words (Mogg, YBré&dle
Williams, 1995). Mogg et al. found the dot probe task useful for examining how
attentional processes both above and below conscious awareness related to psgtchologi
disorders, implicating influence of emotion on attentional processes.

Covert Attention Paradigm

Usually, visual attention allocation implies selecting a stimulus on which &g foc
with the eyes, such as focusing on an attractive person in public. According to an
established body of research (i.e., Posner et al., 1980), however, focus of at@mtion c

occur separately from eye movement. Visual attention without eye movemefatrisd
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to as covert visual attention. Examples include drivers catching a glimpseninaal
peripherally while driving a car and avoiding an accident, or basketbadirplageing a
teammate out of the corner of their eye and passing the ball without dicedtiyg. In
tasks developed by Posner (Figure 2), visual attention is cued to periptogetd teith

the use of central arrows or peripheral lighted boxes (Posner et al., 1980).

Figure 2.Central arrow cues (left) and peripheral cues {jigha lateralized target in a covert attention

task. Attention is validly cued to the right vistdigld with the central arrow, or focused on a caint
fixation cross and validly cued to the left withilaminated box. Individuals must detect a pedpi

asterisk using covert attention.

In the arrow task version, participants focus on a central fixation point such as a
cross on a computer screen and are told not to move their eyes from this point. Then, an
arrow appears pointing to the left or to the right and cues attention in that direction.
Attention remains in the center of the screen while participants detectspadhdeto the

presentation of a target, usually an asterisk. In the peripheral cue contitromated
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boxes or other stimuli appear on one side of the screen to cue attention peripherally.
However, the peripheral version is not the focus of this project.

In the covert attention tasks, participants are able to detect targets withongmovi
their eyes, and performance is facilitated by the arrow or lighted boxtatgzrecede
targets and usually give correct hints to the target location. Two types af @ates to
subsequent target stimuli are presented: valid cues, cueing attention to¢besider as
a target, and invalid cues, cueing attention away from targets. The partroipsint
respond as soon as he or she detects this target, and allocation of visualtspaiat a
peripherally is able to occur without eye movement. Typically in normal aduitalsét
validly cued locations are responded to more rapidly, and the difference in reacéon tim
between the validly and invalidly cued target sequences is known as the \efelity
(Posner et al., 1980). A disruption of the validity effect can often signal attdntiona
problems related to a variety of disorders.

An important application of the covert attention task for this proposal is
examining how quickly emotional versus neutral cues can be processed and benefit
covert attention. In one relevant study, the alerting or arousing effeaiditdrg tones
on covert attentional shifts were examined (Whitehead, 1991). In this study, in which
auditory tones preceded lateral targets, alerting tones produced spestied tenes
and increases in maintenance of attention. Enhancement in task performance and
attentional maintenance based on arousal was produced for up to 12 seconds at specific
visual locations. This suggests that enhanced attention occurs in states in which
individuals are more alert and can be produced by auditory stimuli. Since attention is

greater to emotional cues according to Lang, and emotional stimuli are mddg quoit
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automatically processed according to LeDoux (1996), emotional imagerglstalge
potent in producing arousal and attentional enhancement. The covert attention task may
provide a basis for studying attentional effects of such stimuli as visugérmnmna

In sum, the main premise behind the covert attention task is the automatic shift of
attention produced by spatial cues such as arrows, and covert attentiorreshifts a
measured by reaction times to lateralized targets. Lateralizedrbegihanisms involved
in covert attentional processing and their importance in examining emotional and
attentional associations are described next.

Assessing brain mechanisms for covert attenédiimough covert attention, like
emotional processing, is complex, specific lateralized regions believéayta ple in
foveal movements allowing for covert attention can be described. The fovea psocesse
visual stimuli without actual head or eye movement in covert attention, with the rig
parietal lobe appearing to exert the greatest effect on such visuaingyiand the left
parietal lobe playing a more minor role (Posner, 1996). Since normal subjects’
performance differs greatly from those with brain deficits, coveshaittn discrepancies
can be easily detected based on hemispheric asymmetry (Swanson, Posmer, Potki
Bonforte, Youpa, et al., 1991). Studies show individuals with parietal lesions ladk abili
to disengage attention from targets on the same side as the lesion in order to respond to
targets opposite the lesion (Rafal, 1996). Posner and Peterson (1990) also suggest
posterior parietal involvement in disengagement, movement, and re-engagement
attentional aspects. Posterior systems involved in these early attentmecibagccurring
around 100 ms do not appear affected in ADHD (Swanson et al., 1991). Related

attentional deficits such as inattention, defective response inhibition, and lack of
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persistence are often seen in patients with right hemisphere dysfunaisaoggest
involvement of right hemisphere structures such as the striatal systemrigadhuel
putamen and caudate (Heilman, Voeller, & Nadeau, 1991).

Moreover, neurotransmitter systems involved in covert attentional processes have
been studied. Men with dopamine depletion occurring in the disorder phenylketonuria
show impaired responses to invalidly cued right visual field targets, suggesting
hemisphere dopamine effects on covert attention (Craft, Gourovitch, Dowton, Swanson,
& Bonforte, 1992). Dopamine distribution in the brain may differ with gender and play a
role in attentional problems in ADHD or schizophrenia, perhaps explaining in part why
more males are diagnosed with these disorders. Neurotransmitter influencerbn cove
attention is also seen from the fact that covert attention is disrupted whendonains
cholinergic projections are damaged (Witte, Davidson, & Marrocco, 1997). sesrea
cholinergic activity from drugs likely due to increased acetylcholine in the le
hemisphere also relate to quicker attentional disengagement from invalkediyarget
locations, which indicates two possibilities (Witte et al., 1997). Stimulatingnengic
forebrain projections may enhance left parietal transmission, or forebog@atpyns to
the parietal cortex may presynaptically act on glutamate receptdisengage attention.

Other researchers have proposed dysfunctional frontal and striatal cateicigol
systems, such as dopamine and norepinephrine imbalances, in which an excess of these
neurotransmitters affects both hemispheres and may explain some attenfioital de
(Malone, Kershner, & Swanson, 1994). This model includes a hypoactive left-anterior-
ventral dopamine system and an overactive right-posterior-dorsal noradreyatiem®,

which can be corrected with stimulant medication in moderate doses. Neuroti@mns
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deficits found in disorders such as Parkinson’s disease (PD) has been studied in order to
understand dopaminergic influence on covert attention, with PD patients showing slowe
responses and much smaller validity effects especially with cue-tatggs g¢amaguchi
& Kobayashi, 1998). These covert attentional deficits at longer delays indicate tha
difficulty with later, voluntary attentional shifts are related to dopamipéetien
especially in basal ganglia and frontal lobes, while earlier attentiespatts are not
impaired. Brown and Marsden (1990) also propose executive attentional dysfunction as
related to dopamine deficits in PD.

Clearly, as described above, hemispheric asymmetry, such as a greatéithe
right hemisphere in attentional disorders, is involved in attentional processesngcl
covert attention. Also of importance is the understanding of how patterns ofoaisénti
deficits can provide insight into their relation to emotional processing, symptoms of
emotional disorders, and the nature of emotional and attentional associationst to orde
study emotional and attentional interactions, much literature is based owrtindire
measures to make inferences about the nature of emotional attention bidsas, regall
methodology briefly reviewed next.
Indirect Recall Bias Measures of Selective Attention

How current states including emotions can affect other processes sutnasrat
or memory is an important concept, and a great deal of research has been conducted on
state-dependent learning and situational memory recall such as da@rigd
information underwater performing better when tested underwater (Godden &d@adde
1975). What seems to be most important is the psychological context in which learning

and memory retrievals occur (Reisberg, 2001). An important psychological tisntex
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one’s current mood state, which seems to impact memory retrievalnmlar $ashion,

such as when individuals are happy they tend to be more likely to think about and recall
happy memories, but when depressed they tend to think of and recall sad memories.
Memory retrieval is best when mood state at recall matches mood stadiatd of

learning (Bower, 1981). Mood state-dependent learning and recall has important
implications for examining attention as well as emotional processing, antexhfight

on how attention and emotional processes are associated.

Mood induction is often used in order to examine recall bias related to emotional
state. Better memory recall can suggest greater attentitmadtadn, and can be used to
indirectly assess attentional processes. The recall of negatrde sampared to other
words has been examined, indicating that depressed individuals recall negative
information more readily or that positive information recall is somewhat siggales
(Bellew & Hill, 1990). Recall bias of negative words has also been found in suljdtts
high neuroticism levels, but only following mood induction (Bradley, Mogg, Galbrath, &
Perrett, 1993).

Negative recall appears to be mood-congruent, that is, more accurdtedtvex
material matching one’s current mood at the time of encoding or retrisn@ngpries.
Further, recall bias in depression may be produced by less recall of positereaina
rather than greater recall of negative material (Wells & Matthews, 189#ct, current
depressed mood and anxiety have also related to poor recall of positive wordsragscribi
personality factors (Bradley & Mogg, 1994). Nonetheless, current contexdingl
one’s mood and affect can influence memory processes and can have implications for

attentional processing. What is important is that emotional effects on@tteati be
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directly measured. Much of the aforementioned research examining\sebgtdntion
has utilized cognitive measures with computer tasks or memory data. Physiodiadgéc
used in order to highlight important components of attentional mechanisms, evestt-relat
potentials, is briefly reviewed next. Then how computerized tasks and physiological
measurement are used to examine associations between attention and emotion is
discussed.
Event-Related Potentials and Attention

As mentioned, many indirect cognitive measures of selective attentiohéane
utilized in attentional research. Event-related potentials (ERPS) prouskfi measure
of attention-related brain activity (Andreassi, 1995). Event-related palteate time-
locked averages of brain wave activity that have been used more than raw B&iGase
in the study of attention. Event-related potentials are essentially a sepesitive and
negative voltage variations usually occurring in response to novel stimuli (Asgrea
1995). ERP amplitudes in response to attended versus unattended stimuli are commonly
used as attentional indices, identifying parts of the brain that are adtdw@iag
attentional processing.

ERP analysis has become common in the study of selective attention, since it can
be concluded that attentional allocation or disruptions in attentional processed$ealso a
ERP components. Two ERP components, the P300 and N200, are commonly used to
assess selective attention (Mirsky, 1987). Though exact brain regionsiartdrets
involved in the origin of ERPs are not yet fully understood, some evidence suggests
hippocampal origin of the P300 depending on the task used (Munte, Heinze, Scholz,

Bartusch, & Dietrich, 1989).
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Analysis of ERPs has been used in attention research in a number of ways.
Impaired attentional processes have been found for certain disorders sucicals cl
depression, for example, based on decreased ERP amplitudes or entirely absent ERP
components in response to auditory stimuli (Massioui & Lesevre, 1988). Early or
automatic attentional dysfunction is implicated in depression, showing thenessfif
examining attentional functioning and its relation to emotion via ERP analysis.

All'in all, event-related potentials (ERPs) appear to be a useful physallogic
measure to study attentional processes, as ERP research may inghoatanm
attentional mechanisms within the brain. ERP research indicates importatioatil
mechanisms, and analyzing amplitudes of ERP components give insight intawselecti
attention (Mirsky, 1987) and how emotional stimuli affect attentional proceddunth
research examining attentional and emotional associations utilizes E&fRr@ment.

The present discussion does not aim to thoroughly discuss all pertinent studies, but
simply reference ERP measurement as a tool in researching sedgietnteon.
Summary of Selective Attention Measurement

In summary, the tasks and methods described in above sections have been used to
study selective attentional processes in normal adults and adults withoaténti
dysfunction. Particular stimuli clearly elicit greater selextttention, which is the basis
for research on attention bias. Stimuli such as our own name seem to catch oonattenti
above all else, which helped to provide a basis for attentional models and to further
examine selective attention mechanisms. Research described in preeetorng also
describes how attention to specific stimuli such as emotional imagery or veortde c

measured. An important implication of the research described is learning lectivee
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attention relates to emotional states and may play a role in mood and anxietgrdisor
One way to explore this important issue, examining the association of atteatidna
emotional processing, is explained in subsequent sections.

The basic tasks and procedures mentioned, including Posner’s covert attention
paradigm, the Stroop task paradigm, dot probe tasks, memory recall procedures, and
EEG/ERP analysis are referred to in discussing ways they relatatiorrehips between
attentional and emotional processes. Hence, it was important to describe basic
methodology that is important for the upcoming discussion.

Relationships Between Selective Attention and Emotion

Using a covert attention paradigm is a somewhat novel approach to examining
how quickly emotional cues can benefit attentional processing. Typically, hgweve
aforementioned methods have been utilized in examining emotional and attentional
interactions. The Stroop task, for example, has been used in numerous studies to relate
attentional processing to emotional state or to specific emotional disortersolored
word naming interference effect in the Stroop task, leading to slowerare#aties, is
also seen for words related to specific emotions or emotional disorders. IGlatieats
seem to have a greater tendency to automatically process words thidtacetoetheir
specific disorder (Wells & Matthews, 1994). Individuals with panic disorder and
agoraphobia have displayed more interference by panic-related wordst@ddseth
above and below the threshold for conscious identification (Lundh, Wikstrom,
Westerland, & Ost, 1999). In addition, high levels of state anxiety have been &@skocia
with greater intereference when reading physical threat, social, tanebpositive social

words compared to words unrelated to anxiety (Brosschot, de Ruiter, & Kindt, 1999).
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The benefits of integrating emotional and cognitive processes are desgribed b
Jeremy Gray (2004) in terms of cognitive control dilemmas such as balankingmssis
reward, short-term versus long-term results, or personal versus group gdsaey
further describes benefits of emotion such as using anger to be more assertive or
confrontational, and states that if emotional effects on cognition are usefoéatiut
detrimental at others it would imply integration.

Studies examining Stroop interference effects in phobics have helped shed furt
light on the association of attentional bias and emotional state. Mathews antib8ebas
(1993) had snake phobics perform the color naming using snake-related words, both in
the presence of and away from an actual snake. Stroop color-naming interfeasnce
found for snake-related words compared to neutral words only in the absence of the
actual snake, which raises three possibilities according to Matthews antiéelbast,
the actual snake may have had a general distracting effect overall, in ttbintioa to
any word meaning may have been reduced. The second explanation is that increased
arousal from the presence of a snake led to more focused attention to the calgr nami
task in an attempt to ignore the actual snake. Finally, the real fear-prodoakegeay
have taken priority and caused less thorough processing of word meanings,rsgiggest
that attentional mechanisms assigned priority to the most important stamdtional
cues, especially the most salient ones such as real fear-inducing stieauly, siodulate
selective attention, whether distraction or increased attention dependingatiosél
effects. But can emotional image cues be processed more quickly accoddafigpioc’'s

emotional model, and thus produce cueing at shorter intervals compared to more
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cognitive-based cues in a covert attentional model? This is why the currext goj
necessary, as this question was investigated.

The final explanation by Mathews and Sebastian (1993), that real snakes were
salient and assigned attentional priority, is similar to the Lang €t%7) concept of
motivated attention. In this view, mood or emotional state at the time of the task as
as the predisposition to attend to fear-related words similar to LeDouxtsmaa@iin
affect allocation of attention. If an individual feels threatened by stisugh as snakes,
then it would be feasible and safer to pay the most attention to the perceived tletat. W
and Matthews (1994) point out that the ability of participants to ignore information, such
as threatening words, is assessed with the Stroop task, and the ability to égtaone c
environmental stimuli can lead to higher quality of functioning. Individuals wiinety
disorders who may tend to focus on any potential threat over other important
environmental features may also miss important cues, such as worrying abogtahavi
wreck while driving and then missing important events such as brake lights.

Thus, ignoring certain information in the environment can have advantages, and
the aforementioned research shows the importance of studying attentioradbiase
emotional states. Overgeneralization of perceived threats and greatéoasl
allocation, for example, may help lead to or maintain psychological disoedgrsWells
& Matthews, 1995). Previously mentioned studies investigated attentionad bising
the Stroop paradigm, which is rather different from the covert attention paradigm.
However, studying emotional cueing effects on covert attentional proceagdsad to
implications for cognitive and attentional biases in emotional disorders and how the

disorders are maintained.
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Depressed patients also show Stroop interference, especially showing biased
attention toward negative concern words (Nunn, Mathews, & Trower, 1997). Nunn and
colleagues suggest that color-naming interference occurs when more thoretegsg
negative word meaning occurs, regardless of whether the words match currersiviepres
symptoms. Depressives seem to process any negative word and relate it ébvéems
showing that both emotional interference of attention and interpretative biasescoay
in depression.

In examining color naming of disorder-related words in individuals with
psychological disorders, Stroop interference is not always found. In individiials
blood/injection/injury phobias, Stroop interference was not found in one study for blood
or disgust-related words (Sawchuk, Lohr, Lee, & Tomlin, 1999), while performance
improved for implicit memory related to medical and disgust words. Likewise roopSt
interference was found for pain-related words in chronic pain patients inlarstady
(Pincus, Fraser, & Pearse, 1998). More direct effects of emotional staterdroatl
processing can be studied by inducing mood or studying depressed patients. Inducing
positive or negative mood using video clips, Brand, Verspui, and Oving (1997) found that
both positive and negative induced mood led to faster Stroop task performance. The
depressive mood induction group did have significantly longer reaction time on trials in
which they made errors, although they made fewer errors than the positivéoimduct
group. However, this is a self-paced task and the effort required may not be enough to
reveal subtle differences between mood-induced groups. No trouble in processing
information irrelevant to the task was seen in the depressive group as expected,

suggesting no effects of induced mood on Stroop accuracy.
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In summary of using the Stroop paradigm to investigate how emotional states
affect attentional processing, tasks employing color naming are somasefialtin the
study of certain aspects of attention bias related to specific disdraivéduals with
anxiety disorders, such as certain phobias, show attention bias to words cetheed t
disorders in terms of slower reaction times when words are read aloud. Though the
Stroop task measures attentional aspects such as ability to focus attentignand
distraction, other important attentional aspects and their relation to emqfonaksing
are not assessed. Salient emotional images, their relationship to contidrate
mechanisms, and how quickly such stimuli can be processed are not utilized in the Stroop
paradigm. The use of images may a more powerful tool in the study of attentional
mechanisms (Lang, 2000).

Dichotic listening data has been used in prior studies to examine attention bias
related to emotional states. Nielsen and Sarason (1981) presented salient &lmtitor
words, finding that scores on the Multiple Affect Adjective Checklist predibbw
subjects responded to these words. Higher scores on anxiety, hostility, and depressi
scales predicted whether participants became aware of taboo words presante
ignored channel.

The impact of emotional disorders on attentional biases was investigated by
Mogg, Bradley, and Williams (1995) by using a dot probe task to study conscious and
unconscious presentation of emotional words. Anxious and depressed participants, in
relation to controls, showed attentional bias toward negative words presented above the
threshold for consciousness, while the depressed groups showed the greatestitsias towa

anxiety-related words. The anxious group showed greater bias toward subliminal pre
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conscious negative words, suggesting early disruption of attentional proddssesould
have important implications because if this early preconscious attentiors cpeater
attention toward unpleasant stimuli in the environment, then it is uncertain whether
therapy fully eliminates early attentional disruption.

Bradley, Mogg, and Lee (1997) also examined attentional biases in induced
negative mood and natural dysphoria using the dot probe task. Depressed mood induction
related to faster reaction times for targets following depresslatedewords at word
durations of both 500 and 1000 milliseconds. In naturally dysphoric subjects, depressed
mood showed a positive association with reaction time for words of 1000 ms duration,
while no effects were found for the 500-ms condition. Negative attentional bias se
occur in both natural and induced depressive mood for longer word duration, though not
for subliminal word durations of 14 ms followed a mask with either natural or induced
dysphoria participants. Bradley et al. suggest that negative attention dgsassed
mood is only seen for certain aspects of selection attention, such as disengagement f
previously attended areas and greater attentional maintenance to negatmatiofor
No evidence of negative attention bias in early, automatic attentional prosessssen
for depression based on the subliminally cued dot probe task, though anxiety may be
related to earlier aspects of attention.

Other evidence of the association of emotional and attentional processes can be
seen in the manner that individuals exhibiting attentional deficits process erhotiona
information. Becker, Doane, and Wexler (1993) studied auditory perceptual asymmetry
in individuals with ADHD, normal controls, and psychiatric inpatients in response to

emotional cues. The ADHD group showed less perception to positive words presented to
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the right ear compared to other words, while controls and other patients showed the
opposite in greater right ear perception. More specifically, in ADHD miati¢he

presence of positive emotional words decreased left hemisphere activity, svhich i
opposite from normal individuals. This is suggestive of an overactive left hemisphere i
ADHD during emotional stimulation, which would compete with the processing of other
information, or as deficits in the right hemisphere. More anatomical evidenicevior
emotional and attentional brain processes are related is discussed later.

A number of studies have found negative recall bias in tasks such as the Stroop
task with emotional words or dichotic listening (Burgess, Jones, Robertson, Raécliffe,
Emerson, 1981). Bradley, Mogg, Galbrath, and Perrett (1993) similarly found negative
recall bias of negative trait words in subjects scoring high in Neuroticisropbuéafter
negative mood induction. Without mood induction, those high in Neuroticism showed
less recall of negative trait words, suggesting that recall bias cauppeessed in the
absence of negative current mood. Bradley and Mogg (1994) also studied recall of
positive and negative recall information in different levels of mood and the association
with personality variables. High neuroticism scores were relatec&beyrrecall of
negative information but this association depended on current negative mood state.
Neuroticism scores were able to predict greater recall of negatoreniation, but only in
a group showing high negative mood. Current depressed mood and anxiety also related to
poor recall of positive words describing personality factors. Negative raggdjesting
greater attention, appears to depend on both personality traits related to negative
emotions and current mood, with neuroticism and current dysphoria interacting to

produce greater negative recall bias.
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Mood or personality adjectives that can be related to one’s self appear more
sensitive to negative recall bias. Research has found greater negativeiasovhen
personally relevant information was used in the study (Teasdale & Russell, 1h983).
their own series of experiments, Bellew and Hill (1990) found that subclinically
depressed individuals did exhibit negative recall bias when self-esteetetimgavords
were used compared to positive words. Self-esteem threatening words mayithe $ens
negative recall bias and may indicate underlying beliefs of vulnerabildgpnession.

Personality factors related to emotional functioning have also been studied to
examine ways in which emotion and attention are related. Some cognitive pgrsona
approaches consider processes such as appraisals, attributions, or attentesairy
(Derryberry & Reed, 1997). Other approaches, such as Cloninger’s (1998) consideration
of personality as the organization of psychobiological systems that adapt to the
environment, emphasize both cognitive processes and neurobiology. Cloninger’'s
approach can be valuable to understanding how emotion and personality are related, as
well as how related attentional processes are affected by emotioheisi{1997)
suggests behavioral responses as a starting point to understanding how cognitive
processes such as attention relate to personality factors, and seveeal Ishvéi
examined the relation of personality and attention.

Using a covert attention task with emotional word cues and measuring ERPs, De
Pascalis and Speranza (2000) studied emotion/attention interactions relateout® va
personality factors. All participants showed greater attention to plieasd unpleasant
words compared to neutral cues based on increased P300 peaks, and extraverts compared

to introverts showed greater P300 peaks in frontal-parietal areas for et fuetd
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(LVF) targets. The study demonstrates interaction of personality Wik responses to
emotional stimuli, which affects covert attention, and further suggests agyicah
processing and attention to positive emotional stimuli by extraverts. Clofk#fi8)

also describes evidence implying that harm avoidance tendencies@mi@sl with less
benefit from valid cues, suggesting behavioral inhibition in avoidant individuals as
measured by covert attentional performance. Derryberry and Reed (1984)ales
similar evidence that attention is affected by emotionally salienubtttapending on
personality factors, based on a task cueing attention to locations whereapeieither
awarded or removed. Those high in extraversion showed covert attention bias for award
locations, while those high in introversion were biased toward punishment locations
when attention had to be disengaged and shifted away from those locations. In other
words, introverts, or individuals susceptible to negative emotions, are slower tgagisen
attention from negatively valenced locations, which might suggest that persprea}gy

a part in emotion/attention interactions.

Assessing memory of emotional words is a way to infer increased attemtion t
emotional stimuli and how personality and mood interact to affect emotion-congruent
cognitive processes. Extraversion and positive affectivity are relategptoved positive
memory retrieval and judging words more positively, while neuroticism agatine
affectivity relate to improved negative memory retrieval and judgiogigvmore
negatively (Rusting, 1999). Moreover, individuals high in positive emotional personality
traits show greater positive memory congruency during mood induction, while those
higher in negative emotional traits show greater negative mood congruenaoy.r@$igss

show interactive effects of mood and personality on memories to which individeals a
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attending. Overall, personality factors related to emotional processinglioation for
certain emotions appear to affect attentional processes, which may asdaelther
factors such as motivation (Derryberry & Reed, 1994).

Associations between attention and emotion can also be studied
neuroanatomically. Further evidence explaining how neuroanatomicalaleseds in
showing associations of emotional and attentional processes is described next.
Neuroanatomical Evidence of Relationships Between Emotion and Attention

Discussed above were cognitive measures investigating the interaction of
attentional and emotional processing. That emotional cues can affecbatikatieing
depends on neuroanatomical mechanisms, which are briefly reviewed here.

LeDoux (2002) discusses the interaction of emotional and cognitive processing in
terms of how processing by the amygdala relates to processing byuarieas she
hippocampus during fear contextualization. In attending to and processing environmental
cues during fearful events, the context of the fearful event becomes signifiloent
occurs during very salient memories such as one’s location and activitiesisghen f
hearing of Kennedy’s assassination or the events of 9/11/2001. This type of conditioning
is thought to be mediated by the amygdala as well as the hippocampus, as this is a kind of
memory created by integrating environmental information and emotional content.

Examining brain anatomy controlling both emotion and attentional processes may
be useful, then, to studying the association between emotion and attention. The anterior
cingulate cortex (ACC), which is part of the limbic system, controls a foratt@ftion
regulating cognitive and emotional processing (Bush, LuBp&ner, 2000). According

to Bush et al., the ACC processes emotional and cognitive information sepavétely
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the dorsal region being the cognitive division and the ventral region havingwafect
control. The cognitive ACC division is a section of an attentional network incluakng t
prefrontal cortex, parietal cortex, and motor areas, and may play a role in nmgdulat
attentional functions such as influence on response selection, motivation, erroouletect
working memory, and anticipation of tasks. On the other hand, the affective division
connects to areas such as the amygdala, hypothalamus, nucleus accumbens, and
hippocampus, and may aid evaluation of emotional importance.

Other interesting features of the ACC further suggest the associatioanticatt
and emotion. First, the cognitive division is not only activated by cognitivelyaddimg
tasks such as Stroop tasks, but its activity is reduced during intense emotion. Fther, th
affective division can be activated during emotional processing and with@ys pf
psychological disturbance, but is also suppressed during tasks requiring cognitive
processing (Bush et. al, 2000). Thus, emotion clearly affects cognitive processes
including attentional mechanisms, and vice versa, as seen within the anteriaateingul
cortex structure which seems to help regulate emotional/cognitive iat@nships. The
present study aims to provide further evidence for the association between emation a
covert attention in terms of how quickly subliminal emotional cueing can occur.

ERP analysis has been often used in relation to the study of attentional deficits
related to emotional disturbance. In one such study, Massioui and Lesevre (1988) studied
ERPs and attentional processes in depressed patients in response to auditory stimul
Among their findings were significantly decreased or entirely absegtiEaP
components to target and non-target auditory stimuli. The authors conclude that early

selection processes are impaired in depression, and that these patients havesirayuble
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automatic attentional processes. Decreased reaction time, wideovardetd more errors
in performance data probably suggest difficulty in maintaining attentiohdset
depressed individuals. Posterior attentional deficits suggested by P300 aaral ydso
seen in attentional disturbance related to a variety of disorders. Anhedoniagrcamm
psychological disorders such as major depression and schizophrenia, involves lack of
pleasure as well as attentional dysfunction. Dubal, Pierson, and Jouvent (200@aollec
ERPs and found lower P300 amplitudes in anhedonics than in controls during a focused
attention task, especially at posterior sites. Clearly, therefore, anat@vidence
suggests the relationship between emotional deficits and attentional processing
Summary of Association Between Emotion and Attention

Selective attention and emotion are closely related in that individuals appear to be
more predisposed to allocate attentional resources to emotional stimuli.SEhib eld:
procedures have made progress in understanding selective attention procésses as t
relate to emotional stimuli, though they don’t necessarily tap LeDoux’s concept of
guicker, more prepared emotional processing and the benefit to covert attention. Dot
probe tasks using emotional pictures show the effects of emotion on spatia¥selecti
attention, especially related to certain psychological disorders, whilgpStsks can
measure the effects of semantic emotional information on focused attentiarty,Cle
further research examining why emotional information more readdigseéittention and
investigating specific ways in which emotional cueing occurs is needed.

Another model that explains the attentional benefit of emotional information,
called motivated attention is presented by Lang and colleagues (Langl 200Gt al.,

1997). Greater attention to emotionally salient stimuli has an adaptive benefdiag
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to Lang et al. (1997) and is related to and influenced by factors such as imuagienals
or emotional state in humans. Lang’s model helped establish emotionad fastuved
in attention, which may lead to clinical implications as well. Since motivatentiain is
highly relevant to the current project, this model is reviewed below.
Emotional Influence on Motivated Attention

The complex nature of selective attention, such as attention as a process occurring
in several steps and the influence of emotion on attention and vice versa, has been
reviewed. Obviously, there is much more to learn and understand regarding attentional
processes, such as the importance of selective attention, that is, whgraiteallocated
to important stimuli such as emotional cues rather than others. Benefiows effe
emotional cues compared to more cognitive ones, as well as quicker processing and
subsequent covert attentional cueing of emotional cues, are expected. The giroces
motivated attention helps explain attentional allocation to the most salienboeahot
stimuli and why attending to such stimuli would be useful.

Phylogenetic arguments and evolutionary theories would suggest that the most
important stimuli should elicit selective attention over less salient arportant stimuli.
But what types of stimuli are deemed most important by our attentional sysidisss
assessed using the tasks that were discussed and related to emotionsihgrocesms
of stimuli that elicit greater attentional responses, such as persmiallgnt negative
information in those with emotional disorders. Being predisposed to attend to arousing,
emotion-producing stimuli over others is the basis of natural selectivaattet

motivated attention.
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Motivation has been referred to as brain processes that guide one toward goals,
desires, or outcomes that one wishes to avoid, and for which one will exert effort
(LeDoux, 2002). Motivation to attend to certain stimuli based on drive states such as
hunger, protection from harm for survival, or current emotional states, can aitbaté
systems in assigning priority to intrinsically salient environmentas¢Lang et al.,

1997). Knowing which environmental stimuli are priorities for attention and which ones
to neglect has likely been important for survival and adaptation, according to eubtivat
attention theory. Emotional stimuli are a type of stimuli that appear to dxétipad for
attention.

The intrinsic prioritization of emotional stimuli driving attention and varynip
preexisting state relates to motivational brain systems: the appetitiieéensive
systems (Lang, 2000). The appetitive system aids modulation of approach behavior and
attention to stimuli associated with pleasant affect, while the defensitensgeems to
modulate withdrawal behavior and attentional allocation based on protection froer dang
or avoidance of unpleasant stimuli. According to Lang, motivated attention can also be
described in terms of animals in natural settings. A hungry lion notices a helutad ze
and will likely allocate attention to and stalk this herd before attackinge\atshtiated
lion is less likely to allocate attention to possible food. On the other hand, a zebra
noticing the lion probably fears danger and thus allocates and maintain®atterihie
lion, with less priority and attention assigned to a bird or other harmlesdistinthe
appetitive brain system in the lion’s case leads to greater attentionatialhpavhile for
the zebra, the activated defensive system assigns greater attentaitglfpr protection

from harm.
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Most importantly, the brain’s appetitive and defensive systems’ assocveth
responses to emotional imagery can be measured physiologically in humans. Brai
activation of areas associated with defensive and appetitive systenmsonses$o
emotional imagery occurs and relates to naturally motivated attentionitorenental
cues (Lang et al., 1997). One area likely involved in motivated attentional bstemsy
described by Lang et al. is the anterior cingulate cortex, a structuressedgo be
involved in priming the visual cortex to promote attention to motivationally salient
stimuli (Posner & Raichle, 1995) and which was mentioned as regulating both emotional
and attentional processes (Bush et al., 2000). Brain activation from emotional imagery
then, can be quite useful to study responses to motivationally important stimuli and how
such attentional processes interact with emotional processing.

To sum up motivated attention, Lang’s model takes into account the
predisposition to attend to emotionally salient stimuli and explains not just how but why
attentional allocation occurs. Brain activation to emotional imagery is quitd use
studying motivationally important stimuli and how emotional processing otgevath
attention. Ways in which emotional information and emotional states affetti@ttd
processing were discussed, and the motivated attentional model furtheratatgsn
and emotion. This model is important for the present study. Motivated attention as well
LeDoux’s (1996) model of emotional processing help explain that emotional stimuli
should be deemed important, processed quickly, and thus immediately impact covert
attention. LeDoux’s model is further described and related to covert atténtiona
mechanisms in upcoming sections, and how attentional and emotional processes can be

related is further explained by recent literature.
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Summary of Further Evidence for Attention/Emotion Interaction

To sum up, selective attention and emotion are closely related in that individuals
appear to be more predisposed to allocate attentional resources to emotariglestd
greater attention to emotionally salient stimuli has an adaptive benefitdaggto Lang
et al. (1997). Hence, the relation of motivated attention and its role in explainiogvaffe
influence on attention has been described. The concept of motivated attentiondsoelate
other conditions as well, in that attention is influenced by factors such as hunger i
animals or emotional state in humans. If research can establish the erotional
motivating factors involved in attention, this may have clinical implicatisnsel.

Several tasks have been designed to study selective attention procesegs as t
relate to emotional stimuli; however, these tasks don’t necessarily tap pivada
concept of emotionally motivated attention or the quicker processing of ematiumsal
Dot probe tasks using emotional pictures measure the effects of emotion dn spatia
selective attention. Stroop tasks can measure different aspects o¥seléetntion, such
as the effects of semantic emotional information on sustained attention. Arodsatg ef
of emotion relating to approach or avoidance behavior have also been observed in terms
of lateralized brain activity, with the left hemisphere most involved in posithatien
and the right hemisphere most involved in negative emotional responses. The next
section turns to the study of emotion and ways in which emotional information is
processed, to better understand how this information may be processed more qdickly a
how it may impact attention.

Emotional Processing
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Previous sections described ways in which selective attention is allocated to t
most relevant and salient stimuli, especially emotional cues, and how atteatidna
emotional processes are related. In order to better understand factorsdnnajuecker
processing of emotional versus neutral cue types, potential benefits of quictrainot
processing, and brain networks involved quick emotional processing, first must be asked
what is meant by emotional processing?

Emotion has been described as “the process by which the brain determines or
computes the value of a stimulus” (LeDoux, 2002). Emotional reactions, including
thoughts, feelings, or behaviors, occur following determination of the emotionalofalue
a stimulus. Emotion-related processes help regulate defensive reactiorsgdtod)
behaviors, or sexual behavior, and can take place rapidly, and automatically even below
consciousness. One example is that most people can recall jumping aside or wucking
avoid an object such as a rapidly thrown object (LeDoux, 1996). Only after the
behavioral avoidance occurs do individuals realize that they feel fear and that
physiological arousal, such as increased heart rate, has occurred.

But how is emotional information processed and how is an emotional reaction
determined? Early emotional models examined emotional reactions such &g amcie
sought to understand why such psychological disorders as clinical phobias develop,
providing a starting point for better understanding emotional reactions and nsaehani
underlying emotional disorders. Freud’s psychodynamic views of anxiety, anddraha
theories of fear, helped achieve better understanding of emotion. Contemporachresea
expanding on earlier models, has examined brain mechanisms and structures involved in

emotion, how emotion can influence attentional processes, or vice versa. In subsequent
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sections, such issues as how the brain processes different emotions, modertidmsnula
of emotional processing including LeDoux’s (1996) model, and how his model might
predict covert attentional benefits of emotional stimuli are explored.

Among the first explanations for emotional responses were psychodynamic
models of emotion. Freud referred to anxiety and responses to deal with aaxiety a
neuroses, viewing clinical anxiety as the result of early traumegiereences such as the
5-year-old “Little Hans” displacing fear of castration to fearing ho(Beeud, 1909).
Freud’s model of anxiety may relate to areas such as unconscious aspeatsiof and
also should be mentioned to recognize Freud'’s theoretical contributions to tle¢ories
emaotion.

Alternatively, behavioral approaches explained anxiety through an extension of
Pavlovian classical conditioning (Pavlov, 1927). From this behavioral perspective,
maladaptive aspects of behavior (e.g., phobic reactions) were conceptualized from
learning through conditioned responses to stimuli. For example, Watson'’s classic
example of Little Albert demonstrated this type of learning (seedNa&sRayner,

1920). Therefore, in the classical conditioning paradigm individuals develop emotional
responses (e.g., fear) to particular stimuli (e.g., loud noises) as well aststonuli

that were present in the environment (e.g., food aversion after being pairedwsiélana
This type of conditioning paradigm also explains how formerly neutral stimulilicén e
emotional arousal when those stimuli were only present in the environment and not
directly paired with any given response.

On the other hand, such behaviorists as Mowrer (1939) and Miller (1948) used

instrumental conditioning to explain how behavior aimed to reduce fear became
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reinforced when it helped avoid fearful stimuli and resulting unpleasant emotion. Wolpe
and Rachman (1960) described “Little Hans” as exhibiting fear or anxietyticoredi to

an otherwise neutral occurrence. They explained anxiety disorders such as psobia
conditioned responses that have persisted, rather than Freud’s notions of displaced
anxiety, though such behavioral views of phobias as resulting from traumatic pri
experiences are somewhat similar to Freud. LeDoux also (1996) points outnileat si
brain mechanisms likely contribute to dysfunctional anxiety in humans and condlitione
fear in animals.

Early behavioral theories provide a good foundation on which to study and better
understand emotion related to phobias, but may not explain more complex anxiety
disorders. LeDoux has made significant progress in attempting to fill in soimesef t
conceptual gaps to further understanding the development of fear responses. Before
transitioning into an explanation of LeDoux’s theory it is necessary to introduoe bra
anatomy and processes involved in emotional responses.

Emotion and Brain Anatomy

Since emotional processing has entailed a wide variety of definitions and
descriptions, various brain regions and structures, as one might expect, have been
implicated in emotional processing. Models regarding the neurobiology of emotians ha
often involved description of the limbic system and its structures, and LeDoux’s ofiode
emotional processing which guides the current proposal also involves limbicssuc
Originally, neuroscientists such as MacLean (1970) described the limbeosss a
center for emotions in mammals and more primitive animals. Evidence includtiggicor

specialization in mammals for higher-level processing and the lack theggahitive
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animals led to the notion that the more primitive limbic system was involved in less
complex aspects of processing such as emotion. Limbic structures thought to play
important roles in emotion are outlined momentarily.

An important concept in emotional processing is lateral modulation, as particular
lateral brain regions are believed to modulate positive or negative emoteteal st
Physiological activation of these regions during presentation of emottonalis
suggests involvement in emotion. Research has found, for example, that normal humans
show greater activation in right anterior regions during negative emotion and tgéate
anterior activation during positive emotions (Ahern & Schwartz, 1985). EEG asymmetry
in frontal regions has also been found to predict affective responses to emotional fil
clips (Tomarken, Davidson, & Henriques, 1990). Sad and happy versus neutral emotional
facial rating tasks produce greater right parietal activation compared ¢i@ aatimg task,
while happy versus neutral discrimination produces greater left fronteh@ah than the
sad facial task (Gur, Skolnick, & Gur, 1994), further showing lateralized emotional
processing.

Lateralized emotional processing is also seen with right posterior tamtiey
autonomic emotional arousal and the fact that it is dysfunctional in depressiompsperha
decreasing ability to process emotional facial expressions (KBeNgischke, 1998). In
fact, ERPs in response to positive emotional faces do show reduced N200 peaks in right
posterior regions, especially in depressed individuals (Deldin, Keller, Gergdiileg,

2000). The right hemisphere even seems to be involved in processing positive images
presented briefly with neutral images, even when presented quickly enough so that the

images could not be verbally described afterwards (Zaidel, Hugdallh&sen, 1995).
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Further, Benson (1984) explains lateral neuroanatomical specialization tfaaitiec

mood, with the right hemisphere playing a more major role in non-verbal affective
expression such as gestures or tones, while the left hemisphere is more involved in verba
affect.

Finally, visual cortex activity during emotional imagery viewing showsatgre
activation when processing both unpleasant and pleasant pictures in comparison to
neutral patterns (Lang, Bradley, Fitzsimmons, Cuthbert, Scott, Moulder, &id&Jan
1998). Females had significantly greater activity during unpleasant imdgesmales
showed the opposite trend. Processing emotional images activated specifiedions
including left and right occipital gyrus, right fusiform gyrus, and right palrregions,
though only pleasant pictures activated the left fusiform gyrus. Emotional stihauii
produce greater activity in brain areas thought to be involved in early perceptual
processing, although this could also have been an effect of picture complexity.

Lateralized brain activation in response to emotional stimuli can also be ddcuss
in terms of approach or avoidance behavior. Research suggests the anterior région of t
left hemisphere is involved in approach-related behavior while the right anegion iis
involved in withdrawal behavior (Davidson, 1995). Evidence is seen from the study of
patients with brain lesions and from assessing brain activity in normal sulhjeictg
approach- or avoidance- related emotional arousal. Luria (1966) explairfsethett t
frontal region is involved in processes such as self-regulation and planning, alhteh r
to approach behavior.

Further evidence of lateral modulation of approach and avoidance behavior is

seen in that right frontal and temporal regions are activated during induoédrefrom
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viewing frightening or disgusting images, which usually relates to withdiaebevior
(Davidson, 1995). Brain activity in response to positive or negative emotional film clips
intended to induce approach or avoidance behavior has been studied as well, with disgust
associated with right frontal brain activation and happiness associateefivigmiporal
activation (Davidson, Ekman, Saron, Senulis, & Frieson, 1990). In a similar study,
Sobotka, Davidson, and Senulis (1992) studied brain activity related to approach and
withdrawal behavior by manipulating reward and punishment for task perforniBrace.
activity was greater in right frontal areas during the punishment condition catripare

the reward condition, while emotion related approach behavior seem to activate lef
frontal areas, which is consistent right hemispheric involvement in negativefiand le
hemispheric modulation of positive affect.

Other evidence is taken from positron emission tomography studies of panic
disorder patients who exhibit severe anxiety, an emotional state relateddarmeoi
behavior (Davidson, 1995). Resting subcortical brain activation in a right hemispbere s
that projects to the amygdala suggests anterior cortical and subcortical ineotuyem
negative affect. The amygdala and limbic networks proposed in quicker, more automatic
emotional processing are central to LeDoux’s model (1996). As noted, it has been
thought that cognition is mostly mediated by the cortex and emotional information
processed by the limbic system, even though the limbic system concept leéisngsm
included midbrain or even cortical areas. Even though there are no definitiva ¢oiter
the limbic system and logic defending the limbic system notion is someintdac,

emotions may be more primitive and basic processes (LeDoux, 2002).
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The amygdala is a forebrain limbic structure, named due to its almond shape,
closely involved in the interaction of incoming sensory stimuli and responses to those
incoming stimuli. Out of many divisions within the amygdala, the lateral nucleus and
central nucleus seem to be the most involved in emotional processing. The latexd nucl
receives information about the environment, and then activates the central nublels, w
initiates responses to emotional or dangerous stimuli (LeDoux, 2002). Moreover, the
central nucleus also appears to be involved in a number of processes related to fear
conditioning, including freezing responses, autonomic responses such as blood pressure
increase, pain suppression, stress hormones, and reflexive behavior (LeDoux, 1996). The
amygdala project to and receives input from many cortical regions (Leonalsl, Rol
Wilson, & Baylis, 1985) and might be involved in processing cross-modal input, such as
combining voices and faces, for situations related to positive emotions (Nahmi, Trane
Damasio, & Damasio, 1993). However, the amygdala’s role in such cross-modal
processing is probably rather small based on research using modern surigreques;
though (Aggleton & Young, 2000). In patients with bilateral amygdala damage, one of
the most reliable observations has been the failure to identify fearfuldiadetect fear
and anger-related auditory sounds, and this and other research implies that the
amygdala’s main function is related to perceiving and reacting to negatiotonal
stimuli (Scott, Young, Calder, Hellawell, Aggleton, & Johnson, 1997).

LeDoux (1996) refers to the amygdala as a “hub” in a wheel responsible for fear
processing, allowing the structure to process emotional properties of stingld or
more complex situations involving many stimuli. Adolphs and Tranel (2004) studied

individuals with amygdala damage and found that not only does the amygdala play an
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important role in processing fearful facial expressions, but also seems tpdyéaimh in
processing other emotional expressions such as sadness. Though individuals with
unilateral amygdala damage did not show significant emotional rating detfcise with
bilateral damage showed large impairment versus controls in rating sad fggktoA
and Young (2000) also mention that although the amygdala is especially important for
processing negative and fearful stimuli, it seems to be involved in a wide variety of
processes and more research is needed regarding the amygdala’s role in siocls fasc
social behavior and positive emotional processing or stimulus-reward decisions.

The hippocampus is another important brain structure for the present discussion,
as it has been implicated in memory processes as well as in the roletminain
processing. Jacobs (2004) discusses new hippocampal neuron production in the role of
the development and recovery from depression, hypothesizing that factors such as
accumulated stress suppress neurogenesis and leads to or maintains depiessies.
He takes evidence from such factors as neuroplasticity in response torswintia &and
that in the fact that the number of neurons is not constant, and the findings that parts of
the hippocampus seem to depend on serotonin to continue to produce new neurons. Drugs
such as fluoxetine (Prozac) when given over a few weeks can increase theigmaafuct
new neurons, and chronic stress may act to reduce neurogenesis by reducing
neurotransmitter transmission. This theory not only implicates the role of the
hippocampus in depressive episodes but also presents a specific mechanism for the
maintenance or reduction of depression. Jacobs, Van Praag, and Gage (2000) suggest

further evidence of hippocampal involvement in depression, such as the finding that
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depressed individuals tend to have smaller hippocampi and that loss of hippocampal cells
due to epilepsy is often related to development of depression.

To sum up, research has established that in general the left hemisphere processe
more positive emotional information, while the right hemisphere including paaisdal
frontal regions primarily processes more negative emotions. Further, the ngkphere
is impaired in depression and appears to be involved in facial expression and other
nonverbal features of emotion, while specific brain areas such as the hippocamjus appe
to be involved not only in memory processes but also in aspects of depression. Responses
to emotional stimuli relate to tendency to approach positive stimuli and avoid negative
stimuli, which is also modulated by particular lateralized structuredeBee of brain
areas involved in approach/avoidance behavior can be important for research and
development related to paradigms mentioned earlier. For example, relatedviatedoti
attention (Lang et al., 1997), can reaction times to targets be facilitatettlerdd by
emotional image cues compared to less emotionally prepared neutrauchess sirrows
or symbols, in a covert attentional task? This would provide important evidence for
greater or quicker selective attention due to emotional processing, and may provide
important implications for psychopathology.

Emotional states certainly seem to affect attentional processingxandning
associations between emotional processing and selective attention malg pmeight
into potential factors leading to and maintaining psychopathology. Next ghJose
LeDoux’s model of emotional processing by the brain, in which fast emotional
processing is proposed to be useful in some ways but problematic when ovetizgher

LeDoux’s Model of Emotional Processing
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In the present discussion, LeDoux’s (1996) conceptualization of the brain’s fear
system and how it relates to emotional processing, and possibly psychologicéisor
is explained. According to LeDoux’s model, the way that the amygdala pescass
forms reactions to incoming fear or emotion-related stimuli has been an intporta
evolutionary tactic to help not only humans but also more primitive creatures such as
reptiles and birds survive danger. For instance, in distinguishing a slender shapeasuch as
garden hose from a potentially dangerous snake, by the time the slowel pattieay
has figured out the difference, the amygdala has already started a defatismn
allowing a potentially dangerous snake.

Essentially, the way the brains of rats and humans react to danger appear to be
similar, even though what produces the fear can be vastly different. The maisgoogémi
LeDoux’s (1996) model is that a shorter and quicker neural pathway exists in which
incoming sensory stimuli are processed via connections from the thalamuy dir¢icd
amygdala (see Figure 3). Thus, the amygdala is able to form fast, autdbetionare
mistake-prone reactions to possible danger signals. A separate, slower butiomaé ra
neural pathway also exists in which connections from the thalamus to the cortex then
influence the amygdala, allowing consideration of a potentially dangeraoasiait and

reducing or halting a fear response if necessary.
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Figure 3.Depiction of LeDoux’s proposed emaotional procesdirgn, with a quicker pathway directly
from the thalamus to the amygdala with less distaard fewer synaptic connections, which processas f
stimuli such as this snake image and allows mquil f@ar responses, though it is a less accurate an
refined brain system.

Typically incoming sensory stimuli reach the thaleywhich projects to the visual cortex for proaess
which then projects to the amygdala to categoripat for a proper response. This pathway is slaluer

to greater distance and more synaptic connectidthsnvthe brain.

The advantage of the shorter, faster direct thalamic-amygdala pathwatyaseha
can react to stimuli much more quickly, even though the amygdala may not know exactly
what it is reacting to. As mentioned earlier, once the cortex comprehends slawer
thalamic-visual cortex route, what the stimulus is, the amygdala is teadgpond.

Other implications also arise from neural networks described by LeDoux (1996).
Ideally, the thalamic-amygdala and the cortical-amygdala pathwayadnfer optimal

emotional processing and fewer false alarms, but a discovery describe®byxis that
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connections between the amygdala and the cortex are asymmetrical. Connections
between the amygdala and the cortex are much stronger than those betweeaxhe cort
and amygdala. Hence, once the amygdala reacts to potential danger and emotional
arousal occurs, it is difficult to reduce or shut down through rational cortical precesse
This probably explains why it is easy for emotions to surpass rational thoughést ti
whereas when one is emotionally aroused it is not possible to override emotions using
rationality. Moreover, it shows why certain disorders, especially andisbrders such as
phobias, PTSD, or panic attacks, can be difficult for individuals to manage and tend to be
long-lasting with symptoms seeming to suddenly or automatically ocatie Huicker
and mistake-prone direct thalamic-amygdala pathway is “overactive” ia som
individuals, they may tend to respond automatically to many less harmful stinauli
may imply that these individuals are more prone to anxiety disorders. As mentioae
amygdala is involved in processing incoming stimuli and producing danger responses
including fear, and in rats it even appears to respond to species-salient danger st
such as cats. Amygdala functioning may actually be facilitated by ,steassing
automatic reaction to danger signals, fear responses to become stromgee, taneshold
for anxiety lowered. This likely has implications for how anxiety disorders dp\elare
worsened by stress (LeDoux, 1996).

Cognitive approaches to understanding emotion have suggested attentional bias to
negative or threat stimuli as involved in certain emotional or anxiety disordatth@ws
& Macleod, 1994; Williams, Watts, MacLeod, & Matthews, 1998). Anxiety or fear ca
be normal reactions as in response to danger signals, and in and of itself does not

necessarily suggest pathology. In fact, in situations such as if walking aloigata
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along a dark street or in a dangerous neighborhood, it might be abnomoal to

experience some anxiety. Diagnostic criteria for anxiety disosilefs as clinical

phobias, though, include specifications that the fear-based reactions be persistent
disruptive, and out of proportion to the actual danger that is posed (American Psychiatric
Association, 1996). When such emotional responses to environmental stimuli are
persistent and disruptive, then a disorder may be present.

Emotional processing can occur outside of conscious awareness, either with
subliminal stimulus presentation or when stimulus properties and implicatenstaced
later. Preferences, for example, can be created with mere exposuraitoesten
without conscious recognition of the stimuli (Zajonc, 1980). Subliminal exposure to faces
have led to subliminally viewed faces being rated more positively and elém le
subjects siding with the person to whose face they had subliminally perdeivact, the
exposure effect is even stronger when stimuli are perceived sublimingdlysve
consciously (Bornstein, 1992). As LeDoux (1996) notes, emotional cues are implicitly
used in advertising frequently to persuade the public. Subliminal emotional priming
procedures have also been employed, in which an emotional stimulus is presented
subliminally, subsequently followed by a masking image which erasesittagimage
from consciousness. After a delay, a target is presented, and it is found that'dikgects
or dislike of a target image relates to whether it was primed by a snfitaaor (Murphy
& Zajonc, 1993). Winkielman and Berridge (2004) argue that emotion can be cogpletel
unconscious and that that brain systems that regulate affective reactionsl gvayvéo
brain systems which lead to consciousness. These authors describe evidentgtpointi

affect without any described subjective feelings as well as sublimirclaaral
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processing even affecting subsequent behavior such as beverage consumption. That
emotional reactions do not depend on conscious awareness from cortical struatures w
also seen in studies of anencephalic infants who were born only with a brain stem, ye
were able to show positive facial expressions from sweet tastes and diquesisions

from bitter tastes (Steiner, 1973).

Bradley et al. (1994) also used subliminal presentation in a task requiring
participants to rate whether a letter string preceded by 28-ms sulbbkmards was an
actual word, and found that subliminal depressive words versus other word types led to
greater priming in a group with high negative affect. Subliminal negativengirelated
more to depression than anxiety, suggesting automatic processing bias isidepres
while nearly significant subliminal priming effects for positive words nmag auggest
overall automatic emotional processing bias. Clearly then, emotional propemss
occur quickly and automatically and even affect subsequent processing, seeifaay th
that subliminal processing of emotional cues occurs, which also suggeststhraexof
a brain pathway responsible for such automatic emotional processing.

In LeDoux’s model of emotional processing (1996), anxiety and emotional
disorders are described in terms of brain systems and based upon the braig&dear s
According to LeDoux, fear responses and anxiety are related in that thesergpre
reactions to potentially harmful or dangerous stimuli. Fear and anxiety cannbal nor
healthy responses to dangerous situations, though when fear or anxiety resgoinses a
excess of what would be considered reasonable, then psychopathology or a clinical
condition may be present (Ohman, 1992). LeDoux (2002) describes the occurrence of

emotional reactions in terms of neurology — sensory information is receidedrauits
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in the brain that mediate emotional processing are activated in order to etfaduate
information for emotional content and trigger the appropriate response. Hence, lssDoux
theory is what he refers to as a processing approach to understanding emotional
processing, because he is interested in the way in which brain circuits pocasmal
information. His approach varies from cognitive theories about emotions sincemmoti
related cognitions are conscious appraisals about emotional information and do not
necessarily describe the basic brain processes responsible for tlmnahpobcessing
(LeDoux, 1996). LeDoux’s processing approach to understanding emotions can allow
emotional functioning to be studied in the same way in humans as in animals as well a
allowing emotion to be integrated with cognition. Basically, similar braichaesms
contribute to pathological anxiety and conditioned fear responses in animal3doxX'e
view.

Studying fear conditioning can be useful to studying brain systems and processes
involved in emotions, as studying fear-related responses merely involves raaking
neutral stimulus into a fearful one if pairing it with something aversivBgue& 2002).
In addition, many kinds of stimuli can be used to condition fear automatically, and can be
used similarly in both humans and animals, allowing for comparisons among human and
animal brain systems. The fact that the brain is wired to automaticgtigné to fearful
stimuli allows fear-processing brain circuits to be mapped by examirgrnigtéraction of
sensory systems receiving input with the system that controls fear respdresbsaif
area that seems to be the center of this interaction is the amygdala, innadeetinig

stimuli to respond to emotional or dangerous stimuli.
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One key to LeDoux’s concept of faster emotional processing is the theory of
preparedness, originally proposed by Seligman (1971) who suggested that geesin ty
of stimuli are prepared evolutionally to learn about and react to fearfully.tinrfac
conditioning little Albert, Seligman mentions that choosing a furry animglhagae
shown the potency of prepared stimuli. Preparedness may be more complex than
originally suggested, as monkeys raised in a lab do not seem afraid uponifigsee
snake; however, infant monkeys do appear to act fearfully after seeing thiear islodw
fear of snakes (Mineka, Davidson, Cook, & Keir, 1984). Hence, prepared, fear-inducing
stimuli such as snakes seem to produce fast and strong learning via observation.

Other evidence of preparedness was offered by Ohman (1992), who suggests that
humans are prepared to easily acquire fear of stimuli that threatened the safrpnad
ancestors, and through genetic variation, some humans are more prepared thda other
develop phobias. Support for preparedness is found with such results as conditioned fear
being more resistant to extinction using prepared stimuli while modern ssuullias
guns do not show resistance, and prepared conditioning can even occur outside of
conscious awareness using subliminally presented stimuli. This shows thasphakia
not be completely conscious and may suggest some reasoning for the seemiragiglirrat
occurrence of phobias or the difficulty in reducing fear in anxiety disoreBRo{x,

1996). Posttraumatic stress disorder (PTSD) may also be based in part on unconscious
fear responses, in which individuals may not have good memory of a trauma but still
develop strong emotional memories outside awareness through the amygdafstéear s
preparing to react to danger, according to Ledoux’s model (1996). Preparedness all

strong rapid learning to occur and be retained regarding dangerous stimuli, and likel
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served the survival needs of previous ancestors, though it can lead to problems when
someone overreacts to non-dangerous stimuli. Basically, the differences iythe w
individuals with disorders and normal individuals process emotional cues probably
suggests differences in the functioning of the brain’s fear system. Thus,goréemning

as described by LeDoux suggests one possible mechanism for formation or ma@tenanc
of anxiety or other emotional disorders. Further explanation of LeDoux’s model and
resulting implications is needed before describing current hypotheses.

LeDoux’s (1996) model may also help explain why psychotherapy alone is often
difficult, since the automatic and quick processing by the amygdala tends torgestr
than rational control over fear responses by the cortex. Most important to et curr
proposal, if this thalamic-amygdala process is quicker, more automatic, amgestand
subsequent amygdala-cortical connections are weaker, methods to assesditite resul
fear and emotional responses to incoming stimuli are necessary. Cognitivachgsrto
understanding emotion have suggested attentional bias to negative or threaastimuli
involved in certain emotional or anxiety disorders (Matthews & Macleod, 1994,
Williams, Watts, MacLeod, & Matthews, 1998). Therefore, computerized tcover
attention task procedures, with emotional versus neutral cueing in coveibaitar
used in order to assess how quickly such cues impact covert attentional prddesses
specific hypotheses and the methodology to test these hypotheses abeddsdaw,
but first implications of emotional processing models are described.

Implications of Emotional Processing and Possible Applications
Ways in which individuals process emotional stimuli can have a number of

implications affecting everyday life. For example, individuals who tend tkigumcake
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negative evaluations in computer word rating tasks report more negative raffeet
somatic complaints, and less overall life satisfaction (Robinson, Vargas, 8a

Solberg, 2004). Moreover, quick negative emotional processing can not only be
maladaptive, but also can become akin to a personality style in that as one ligabitual
makes quick negative evaluations it becomes easier, and this tendency kg actual
independent from the number of actual negative life events occurring and is nigtdaffec
by mood induction. Thus, examining speed of emotional processing of cues may be a
useful perspective on individuals’ functioning, well-being, or personality stylpeaple
may vary widely in what they consider to be a negative situation and many asents
experienced each day which could be considered either negative or neutral. Mlogg et
(1995) also mention implications for quick emotional processing and their findings of
pre-conscious negative biases and early attentional disruption in anxiety. This is
important because if preconscious processes cause greater attentiorutgeadant
environment stimuli, then it is uncertain whether therapy fully eliminatesetrly
attentional disruption.

Wells and Matthews (1994) suggest that attention biases toward negative,
threatening stimuli implies ways in which clients may view the world andimpact
aspects of therapy. If one tends to attend to threatening stimuli over more sigutié)
or has trouble disengaging attention from negative stimuli, it may rdfigcperson’s
view of the world as a depressing, threatening, or harmful place. Beck’sizcegnédrapy
(Beck, 1995) is based on changing dysfunctional thinking and teaching clients to
recognize negative automatic thoughts related to negative views of thbaeibrid,

and the future. However, it may be a difficult task to change clients’ @idtor overly
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negative cognitions as proposed if they frequently selectively focus on negative
environmental events. Wells and Matthews (1995) also discuss the challenge of teaching
clients to mistrust emotional reactions to stimuli if they are predigiposeotice and
attend to negative stimuli. It may take major therapeutic effort to teeeits to focus on
more positive environmental aspects or see a positive spin to negative occubenites
some emotional disorders are related to attentional disruption such as inakitigntbh
to positive cues, then training clients to attend more to positive stimuli may hel@oss

It is possible that attentional disruption in emotional disorders, or personality
features related to emotion/attention interactions, can predict individuakddfes in
response to psychotherapy, and more individualized therapy may be designed based on
specific attention biases. MacLeod, Rutherford, Campbell, Ebsworthy, and H0ke)
also propose using experimental procedures based on an emotional dot-probe task
varying probability of probe appearance to modify attention and cognitions ane reduc
emotional vulnerability as a therapeutic approach. Thus, reducing negathnteate
biases in psychopathology may impact the way individuals function in their daily
environment.

Bradley and Lang (1994) suggest further useful clinical applications of@mabti
processing in using the Self-Assessment Manikin (SAM), an assessmeiiLpeoased
to rate affective responses such as pleasure and arousal while procdsstivg af
imagery. Pleasure and arousal can be plotted separately into a 2-dimefadfenae
space” and an arousing image or one producing positive emotions is not necessarily
experienced as pleasurable. Using affective space ratings canarahzatty or brain

damage and can be used quickly, inexpensively, and with diverse client populations to
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measure wide-ranging clinical problems and to examine therapeutic sharegdime or
other factors that may affect emotional reactions. Incorporating emotmagéry into
assessment procedures or treatment validation could be a new and interestiagi@ppli

Some authors have also proposed how personality factors that relate to negative
emotions may affect cognition or attentional processing. Matthews (1997) propdses tha
introversion may be constructive in environments low in stimulation by allowing
introverted individuals to reflect or ponder, while extraversion which relatesgo |
negative emotionality may help optimal performance in environments with cog@syto
possibly draw attention and lead to cognitive overload by improving stresst@era
Moreover, as Cloninger (1998) mentions, personality factors relating to emotiaaalit
predict differential responses to treatments such as antidepressantioedica
psychotherapy, which very practical and useful for clinicians, and that more
individualized therapy may be designed based on specific cognitive orattenti
deficits. For example, an individual who is prone to attend more to negative cues, or is
less able to disengage attention from negative cues, may benefit morefoitive
therapy designed to recognize and change such tendencies. Similarlysibmipgrone
to misinterpret ambiguous social cues, he or she may benefit from socgatrsiiling or
interpersonal therapy based upon learning to read facial expressions or respond to
ambiguous cues.

Therefore, a number of issues related to emotional processing are cat@aly
to better understanding how automatic emotional processing impact cosetipattbut
also exactly how the interaction between emotional processing and attentios occ

Some of the implications of emotional processing described above touch on the



65

importance of examining such issues, as it could help to better understand benefits or
detriments related to emotional responses and effects of emotion on attentiomiftxam
emotional responses and interactions between emotion and attention might alsb sugges
therapeutic approaches which could improve disruptions in these processes. Next, some
limitations of existing research literature are briefly descréoetiways upon which the
current project could improve upon previous research are suggested. Then, hypotheses
are proposed.
Limitations of Existing Literature and Importance of Current Project

A few limitations of previous research deserve to be mentioned briefly, tosaddre
ways in which the current research improves upon them. First, some studiesiegami
selective attention to emotionally relevant stimuli involve the presentaitiords or
less potent and less emotionally prepared images, which may not be as salsumlas vi
imagery and may produce weaker emotional responses. The current study used most
animate emotional imagery and recognizable facial features assvgeliree complex
image scenes that have been previously rated and normed in well-designedastudies
emotion-inducing stimuli. Complex stimuli may be important to include because as
Rusting (1999) notes, real life situations often involve dealing with complex or
ambiguous situations that may involve interpreting emotional content, such as
interpersonal situations in which reading a smile versus a smirk or judginglhelpf
suggestions versus nagging might be important to avoid conflicts.

In addition, often emotion and cognitive or attentional processing are examined
separately, as in how individuals with mood disorders or in an induced mood state

perform attentional tasks, which may lead to inconsistent results. Some apprsache
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as mediation models proposing that personality factors predisposing individuals to mood
states which then affect cognitive processing, show promise (Rusting, 1998). Rissiing
mentions that existing studies have examined negative emotional processing such a
depression or anxiety, but often neglect other negative emotional states sugérasan

well as positive emotions. The current project utilized a variety of both positive and
negative emotional images, including positively rated happy images of cute babies or
animals, positive facial expressions, and negative threat-related, dreggstsi and sad
facial expressions.

Moreover, current tasks do not seem to tap exactly how, and perhaps more
importantly, why emotional information is attended to more readily. The questimwof
emotional information is attended was addressed in examining early, dibeetipaal
processes and how such processes are affected by brief emotional cofioese The
issue of why such information is attended to more readily and perhaps more quickly was
based on LeDoux’s (1996) model. LeDoux’s emotional processing model is based in
large part on anatomical brain research in animals, and few if any human cognitive
attentional paradigms exist to study the ideas put forth in his model. Existjngjive or
attentional tasks that have been developed to examine emotion/attention intedactions
not directly measure the automatic, direct thalamic-amygdala braingafiraposed to
be responsible by LeDoux for quick processing of danger and other emotional stimuli.

Tasks have been developed which have made progress in tapping the way in
which emotional and other motivated stimuli affect aspects of selectergiatt. A
recent study found that centrally presented emotional and smoking-related image

improved target detection accuracy and response speed versus a no distracton condit
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a rapid visual information processing task (RVIP, Gilbert, Izetelny,ieattammersley,
Rabinovich, Jameson, & Huggenvik, 2005). However, negative emotional images and
smoking images produced significantly slower reaction times (RT) comparedttalne
and positive images embedded in the RVIP task. This interference (Raserseiggests
that neutral and positive images cued attention in the information processing task,
whereas negative and smoking images had distracting and cueing effiectss lused in
the current dissertation studies were designed to be used purely as attengenal
indicating the location of subsequent targets, rather than as distractors, aieth@&mot
images were predicted to be processed more quickly than emotionally neutra,image
thereby producing decreased reaction times in a covert-attention task.

Therefore, the current project behaviorally measures emotional effecty e
attention, which are predicted based on LeDoux’s model. More specificallgtsafiie
emotional covert attention cues at shorter intervals are expected overgiredno
neutral emotional cues, which are described in upcoming hypotheses. Prior tarmpyesent
specific hypotheses, pilot study results are presented below in order to prowhde furt
rationale for the current project and some basis for proposed hypotheses.

Pilot Studies

Pilot studies conducted in preparation for the dissertation experiments described

below provided additional evidence of more rapid processing of emotional than neutral

cues during spatial attention tasks and supported the feasibility and sensitustgg
the techniques used in the subsequent studies. One pilot study compared subliminal
emotional (25 ms duration positive or negative images followed by a mask) versus

cognitive (25 ms duration right or left arrow) covert attention cues at thifeecdif



68

masking durations of 50, 100, and 200 ms. In this task, positive images were always
cues to expect the target on the right side and negative images always cuesttthexpe
target on the left side of the screen; left arrows cued covert attention té dredieight
arrows always cued attention to the right side. Eight subjects participatad pilot
phase of the study, which was intended to test a version the experimental task to be
used in the series of experiments. Factors were mask duration, cue typeiditye val
and cue direction.
A 3 (Mask Duration: 50, 100, 200 ms) x 2 (Validity: valid or invalid cue) x 2
(Cue type: emotional vs. cognitive) x 2 (Cue direction: left vs. right cuein@)\A\
was run. Significant main effects on RT were found for Mask Durdfi(),14) = 5.1,
p < .05 and ValidityF(1,7) = 7.7 p < .05; and significant Mask Duration x Validity x
Cue Directionf(2, 14) = 12.4p=.001 and Cue x Type x Cue Type interactib(ls 7)
=15.3,p =.006 were also observed. Moreover, a significant Mask Duration x Validity
x Cue Type interaction showed a trend toward significape®9). Follow-up pairwise
comparisons for the Mask Duration x Validity x Cue Direction suggest that, as
expected, validity effects were greatest for emotional cues at thesthoréeval, while
at longer intervals validity effects were greater for cognitivevacues (see Table 1).
Within the Left Cue Direction condition, cognitive arrow cues (left arrows)
produced significantly slower responses to valid (left visual field [LVF{etsr
relative to LVF targets cued by negative emotional image cues &bbe ).
Therefore, this initial pilot study provided evidence that emotionally negati
subliminal image cues in a covert attention task can reduce RTSs to targetedtea gr

extent than emotionally neutral cues (arrows).
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Table 1
Validity Differences within Each Cue Type and Mask Delay
Delay Cue Type Validity 1 Validity 2 Mean Difference Standard
(valid — Invalid Cues) Error
50ms Cognitive Valid Invalid -17.86 19.6
Emotional Valid Invalid -39.21(%) 14.7
100ms Cognitive Valid Invalid -17.71(%) 6.5
Emotional Valid Invalid 6.04 8.9
200ms Cognitive Valid Invalid -24.24(*) 9.6
Emotional Valid Invalid -12.570 5.5
* p<.05
Table 2

Cue Type x Cue Direction Pairwise Comparison
Cue Mean Difference
Direction Cue Type 1 Cue Type 2 (Cognitive — Emotional)

Left Cognitive Emotional 22.4**
Right Cognitive Emotional -14.3
** p<.01

Note Left-directional cognitive cues (arrows) havengfigantly slower response times compared to

emotional cues

The present dissertation studies were designed to enhance understanding of how
covert attention might be especially sensitive to emotional stimuli. A number of
patterns were expected to emerge in the data that are not the main goatziokthie
project, but nonetheless would be important findings. A validity effect, regaafless
cue type, would be an important observation if found because it means the subliminal

cues are being processed and utilized as covert attentional cues. It woeldhéenc
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promising paradigm in which to examine early, automatic attentional predbsse

might be impaired in certain emotional or neurological disorders. In addition, atlong
mask durations following subliminal images, faster subsequent responses due to delay
in which to prepare to respond would demonstrate the cognitive mechanism of response
expectation. This process could be disrupted in certain emotional disorders and could

be important to examine in future research projects.
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CHAPTER 2
METHODS
Participants

Participants were undergraduate psychology students who received class credit
exchange for research participation. A sample size of 64 subjects in each of three
experiments was obtained, in order to have sufficient power to measure withictsubje
effects and to test proposed hypotheses. In Experiments 2 and 3, severpbpéstici
(approximately 8) participated in both experiments.

Each participant signed an informed consent document before beginning research
procedures and was run in a small group of one to five persons at a time at individual,
sectioned computer stations, allowing semi-privacy. Only individuals withaohwis
dexterity problems that would prevent them from performing the computerized tas
were used in this experiment. A brief vision test, using a Snellen chart, wasraetfiar
ensure that participants have no vision problems that would interfere with viewing the
monitor from a distance of one meter. In order to assure anonymity and confijeratiali
numerical coding system was used on data sheets and computer data redargsunear
were informed that they could withdraw from the experiment at any time without
consequence, though no discomfort or withdrawals from experimental procedures is
expected. No participants chose to withdraw from the study.

Equipment

Participants in each of three experiments completed two computerizetbatent

tasks at a distance of one meter from a 17-inch computer monitor, and experimental

stimuli were presented using SuperLab® 4.0 computer software (San Pedro, CA). A
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SuperLab® response pad RB series model 610 containing six separate keys was used to
record responses to target stimuli, on which participants were instructeds@phgthe
far left and far right buttons marked “L” and “R.” Reaction times (RTseweeasured
in milliseconds (ms) by Superlab 4.0® software (San Pedro, CA) for all attertaska)
and mean reaction times for each participant under each condition were commged usi
Microsoft Excel 2000.
Experimental Tasks

Overview.The present study was broken into three separate experiments, with 64
participants in each experiment. Experiments 1 and 2 were identical, in terms of
experimental tasks, with the exception of different presentation times tamcgtimuli.
Both Experiment 1 and Experiment 2 used the Animate-Inanimate Cued Attention Task
(AICAT) and the Negative Emotional Cued Attention Task (NECAT). Two different
versions of each task were used, with half of participants being trained to useeanimat
cues (AICAT) or negative images (NECAT) as left cues, and the otherdiald to use
these images as right cues. Experiment 3, which was more exploratory in nafeed dif
from the first two experiments in that a Positive Emotion Cued Attention TaskAPEC
in addition to the Animate-Inanimate Cued Attention Task, (AICAT) was used. The
Positive Attentional Cued Attention Task (PECAT) identical to the Experiment 2
NECAT with the exception of positive versus neutral imagery rather than negeaitstes
neutral. In Experiments 2 and 3, the same basic AICAT version was used. In each
Experiment, each emotional cued attentional task (NECAT or PECAT) hadyentire

different neutral imagery than those used in the AICAT.
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Masking stimulus presentation times for the PECAT were the same as the
NECAT in Experiment 2 (160 vs. 320 ms.) The three factors within each task were the
duration of presentation for the masking imagery (Mask Duration), the validity geéima
cues (Validity), and emotional or animate nature of image cues (Valéhas}.duration
is described first. All trials in each NECAT, AICAT, and PECAT were coteple
randomized and counter-balanced. The Superlab® software was set up to completely
randomize every trial during each unique presentation of the experimental tasks.

For each cued trial, time in milliseconds from presentation of the target to the
button push response was recorded, and this response time is the primary dependent
variable examined in this project. Accuracy was calculated to ensure adequate
performance, since 90% accuracy or greater was expected for all @osititicause of
the simple task of detecting and responding to either left or right peripthsral targets.
Compliance with and understanding of task directions and proper task performance were
verified by checking that responses to targets were no faster than 100 ms anceno slow
than 1000 ms. Previous attentional research has shown that responses faster than 100ms
or slower than 1000 ms are probably not reliable. Further, only correct responses to
targets were measured and analyzed. Fixation crosses and asteriskitargevhite
stimuli presented on a black background. Using the participants’ distance of @ne met
from the screen and the distance between the central fixation cross, thengseial a
between the fixation cross and the asterisk can be calculated. Astayedk taere
presented five degrees to the left or right of the central fixation cross.

Mask Duration Each of the three separate tasks (AICAT, NECAT, PECAT) has

neutral pattern images to mask the attentional cueing images, which wers¢uiest
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two different durations. Overall, in Experiment 1, one-half of the trials of eakh ta
included a masking image duration of 80 ms, and one-half of the trials included mask
durations of 160 ms, for 90 trials of each mask duration. In Experiments 2 and 3, one-half
of the trials of each task included a masking image duration of 160 ms (90 trials), and
one-half of the trials included mask durations of 320 ms (90 trials). These varying
masking durations in between the image presentation and target allowed congp@ris

be made among different image types in terms of how quickly the images can be
processed and subsequently used as covert attentional cues. The masking ini@ages ac
make the emotional or images subliminally presented, essentially efasipgniing

image cues from consciousness. Based on the work of Bradley et al. (1994) a 27 ms
prime duration was used.

Validity. Across the three experiments, two different types of cued trials were
used in each cued attention task: validly cued target trials and invalidly cuedriatge
(see Tables 3 through 5). Out of the 90 trials in each of the two masking duration
conditions, 80% (72) were validly cued trials in which the cue direction correctlycfwedi
the target location; 20% or 18 of the 90 trials each mask condition were invalidly cue
targets, in which the cue direction is opposite to the actual target locatiorre3aarch
using covert attention tasks typically uses the 80/20 ratio of valid to invalid cueb, whi
ensures that participants learn to expect targets in the direction of the vali@osger,
1996). Within each of the two validity conditions of the AICAT, half of image cues were
animate and half were inanimate images, with 36 valid animate and 36 valid iteanima
image cues and 9 each of invalid animate and inanimate image cues. Withialehth v

condition of the NECAT, half of cues were negative and half neutral images, with 36
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valid negative and 36 valid neutral image cues and 9 each of invalid negative and neutral
cues. Likewise, each validity condition of the PECAT contained half positive and hal
neutral image cues, with 36 valid positive and 36 valid neutral image cues and 9 each of
invalid positive and neutral cues. All images were presented on a black background.
ExperimentsWith the study design, the Animate-lnanimate Cued Attention Tasks
(AICATS) in Experiments 1, 2 and 3 were designed to establish whether a vefifdily
with all neutral images can be obtained. The Negative Emotion Cued Attention Task
(NECAT) in Experiments 1 and 2 compared negative emotional versus neutral inwagery
ascertain whether validity effects are obtained at shorter intenalsagative
emotional images compared to neutral images, and thus whether they aréectve e
covert attention cues. The validity effect measured in the NECAT in Expetiinand
Experiment 2 could then be compared to the validity effect obtained in the AICAT.
Experiment 2 was identical to Experiment 1 with the exception that stimusiqpeskat
different time durations in order to determine whether validity effects aagebtmore
quickly with negative emotional images compared to neutral images in a taskwgér |
cue-target delays (160 vs. 320 ms) than in Experiment 1 (80 vs. 160 ms). Also, NECAT
validity effects measured in Experiment 2 are again compared to validgitgysetibtained
in the AICAT, therefore demonstrating whether negative vs. neutral ematioes
impact covert attention.
In the Animate-Inanimate Cued Attention Task (AICAT), two different varsi
were used: one in which participants were trained to use animate imaggsass and
inanimate images as right cues; and®v@rsion of the AICAT in which the other half of

participants in Experiment 1 use animate images as right cues and inamaggs as



76

left cues. Likewise, for the Negative Emotion Cued Attention Task (NECA®), tw
different versions were used: one in which participants were trained to useeegat
images as left cues and neutral images as right cues, 8"NBQAT version in which
half of participants in use negative images as right cues and neutral iasdgéscues. In
each image cue type condition (animate versus inanimate in AICAT, neutnad vers
negative in NECAT), half of the trials were left cues and half of the tuafe right cues.
Task order was also counterbalanced, in that half of participants performeCR€ Al
first and half of participants performed the NECAT first. In ExperimentIBoha
participants also performed the PECAT first and half performed the AIGA As
mentioned, both Experiment 1 tasks differed from Experiment 2 tasks only in that mask
durations were longer in Experiment 2 (160 vs. 320 ms).

Each cued trial of both the AICAT and NECAT consisted of the following
sequence of events: a central fixation cross presented for 1200 ms; a ceageahcting
as a covert attention cue presented briefly for 27 ms (neutral animate versak ne
inanimate images in the AICAT; neutral versus negative emotional inages i
NECAT); a neutral pattern image designed to mask the covert attentionplesented
for durations of either 80 versus 160 ms, (or 160 vs. 320 ms in Experiment 2); an asterisk
target presented left or right of the central fixation location for 1000 msi@lpress
response corresponding to the visual field of the asterisk; and a blank screaalintertr
interval of 500 ms, allowing participants to recuperate briefly precedingutisequent
trial. Once the button was pressed during an asterisk, the screen moved to thenmgxt e

however, the asterisk was the only stimulus for which this was the case. Imiege3,



the AICAT parameters were exactly the same as in Experiment Eigige 4 for a

graphic depiction of the AICAT.

(Inanimate=Right)

Animate vs. Inanimate Decision; Central Cues
Subliminal presentation=27 ms

OR: (Animate = Left)
THEN Mask of 80 vs. 160 ms
* * '
RVF or LVF target requiring response
EITHER: ¥ (Neutral = Right)

Negative vs. Neutral Emotion Decision; Central Cues
Subliminal presentation =27 ms

B Negative = Left)

B Mask of 80 vs. 160 ms.

THEN

* v

RVF or LVF target requiring response
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| (Neutral = Right)

EITHER:

Positive vs. Neutral Emotion Decision; Central Cues
Subliminal presentation =27 ms

OR:

(Positive = Left)

THEN

Mask of 80 vs. 160 ms.

* v

RVF or LVF target requiring response
Figure 4 Series of events presented in cued covert atteftials. The Animate-Inanimate Cued Attention

Task is demonstrated in the first image; the Negafimotion Cued Attention Task in the second image;
and the Positive Emotion Cued Attention Task intthied image. Covert attention is cued centrallyaby
fixation cross, then directed laterally by a sulitiah image presented centrally based on the Anivste
Inanimate, Negative Emotional vs. Neutral, or ResiEmotional vs. Neutral decision. Samples arexsho
of each task used in the present study with exasrgdléhe types of images that might be used, faitare
not actual stimuli in the study. Image cues ara tin@sked by a neutral pattern of durations of ed@evs.
160 ms to allow investigation of emotional cueingleorter intervals. Finally, an asterisk targgiegrs for
1000 ms and requires a response from participamtesponding to whether the target appears inigjtne r

visual field (RVF) or left visual field (LVF).

The NECAT and the AICAT each contained 180 total cued trials, with each task
lasting approximately 12 minutes. In pilot studies, this task length with a skakt br
midway through seemed to be nearly the limit for participants to endure i\aithsut

sacrificing performance accuracy. In Experiment 1, the Animatesiratei Cued
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Attention Task contains all neutral images, with half of the neutral imagesi& and
half inanimate in this task. The attentional cue in the AICAT is whether the image
presented is animate versus inanimate. In the Negative Emotion Cued Attenkipn Tas
half of the images were neutral and half of the images were negative tdiiteatl
cueing decision is whether the image presented is neutral versus negativenally
valenced. See Tables 3 and 4 below for a complete classification of the nurmias of
in each condition of each of these tasks.

Before beginning the tasks, participants were given detailed written aval ver
instructions and were shown the SuperLab® response pad. Participants completed a 10-
minute practice session prior to performing the cued attention tasks, in which the
performed sample trials at slower speeds and then increasinglysjaseéels, in order to
ensure that they completely understood how to do each task. Every task was divided into
two sections of 90 trials each, with a short break in the middle of the task to allow for a
brief rest.

For the Animate-Inanimate Cued Attention Task, half of participants were
explicitly told to use animate images (meaning any image containiwmg fierson or
animal) as a cue that a target requiring a response usually occured dndide lend to
use inanimate images (meaning any image containing nonliving objects)i@shaic
targets usually occurred on the right. For the other half of participants,tanmeges
were right cues and inanimate images were left cues. For the Negatoteon Cued
Attention Task, half of participants were told explicitly to use negativeesiageaning
any image which elicits a negative emotional response in the majority of paspleue

that a target requiring a response usually occured on the left side and to use neutr
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images, meaning any image eliciting no emotional response in most peap®jeathat
targets usually occurred on the right. For the other half of participants,ueesigadiges

were right cues and neutral cues were left cues.

Table 3

Classification of number of trials in each condition of the Animate-Inanimate Cued
Attention Task in Experiment 1

Mask DurationCue Validity Image Cue Type Cue Direction ;r/?srl?aeltField
80 ms (90) Valid (72) Animate (36) L L
Inanimate (36) R R
Invalid (18) Animate (9) L R
Inanimate (9) R L
160 ms (90) Valid (72) Animate (36) L L
Inanimate (36) R R
Invalid (18) Animate (9) L R
Inanimate (9) R L

Note.Number of trials in each condition are listed imgrdheses after trial name description. Half of the
participants in each experiment performed the itaske reverse order (Animate images are right eunes

inanimate images are left cues).

Participants were instructed to maintain eye gaze fixation on the cetier of
screen (on the fixation cross hair) and respond as rapidly as possible withdigirsgcri
accuracy. They were told to press either the left key with the thumb of tinaheftor the
right key with the thumb of the right hand using a response box, indicating theirafetect

of the corresponding left versus right location of the asterisk target.
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The Animate-Inanimate Cued Attention task in Experiments 1 through 3 contains
all neutral images; half of the neutral images are animate and half \aanma&te. There
were 45 animate and 45 inanimate images in each of the two different mask delay
conditions. In the Negative Emotion Cued Attention task, half of the images weral neutr
and half of the images were negative. In this task, there were 45 negative and 45 neutral

images in each of the two different mask delay conditions (See Table 4).

Table 4

Classification of number of trials in each condition of the Negative Emotion Cued
Attention Task in Experiment 2

Mask DurationCue Validity Image Cue Type Cue Direction ;r/?srl?aeltField
160 ms (90) Valid (72) Negative (36) L L
Neutral(36) R R
Invalid (18) Negative (9) L R
Neutral(9) R L
320 ms (90)  Valid (72) Negative (36) L L
Neutral(36) R R
Invalid (18) Negative (9) L R
Neutral(9) R L

Note.Number of trials in each condition are listed imgrdheses after trial name description. Half of the
participants in each experiment performed the iaske reverse order (Negative images are right cunel

neutral images are left cues).



82

In the Positive Emotion Cued Attention Task as well, two versions, one in which
participants were trained to use positive images as left cues and maagas as right
cues and one in which positive images are right cues and neutral imagessleftenee
used. Half of participants were instructed that in the Positive Emotion Custtibit
Task (PECAT) to use positive images, meaning any image elicifiogidve emotional
response in most people, as a cue that a target requiring a response willacswatlbyn
the left side and to use neutral images, meaning any image eliciting nomahoti
response in most people, as a cue that targets will usually occur on the righe &ier
half of participants, positive images were right cues and neutral cuesaftengels.

Each cued trial of the PECAT in Experiment 3 consists of the following sequence
of events: a central fixation cross presented for 1200 ms; a central imiageasch
covert attention cue presented briefly for 26.67 ms ( neutral versus positive eotiona
images in the PECAT); a neutral pattern image designed to mask the contidredte
cue, presented for durations of either 160 ms (159.96 ms) ms versus 320 ms (319.92 ms);
an asterisk target presented left or right of the central fixation locatid®@fr ms; a
button press response corresponding to the visual field of the asterisk; and a blmk scre
intertrial interval of 500 ms, allowing participants to recuperate briefigaqating the
subsequent trial. The PECAT contained 180 total cued trials, with each tas§ lasti
approximately 12 minutes. In the PECAT, half of the images were neutral arod tiedf
images were positive while attentional cueing is whether the imagenpeedds neutral
versus positive emotionally valenced. Participants were given the sanoetings as in
Experiments 1 and 2: maintain eye gaze on the center fixation cross hair, respond as

rapidly as possible without sacrificing accuracy, and press either tkeyeftith the
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thumb of the left hand or the right key with the thumb of the right hand using a response
box indicating detection of the left or right star. As in Experiments 1 and 2, fixation
crosses and asterisk targets were white stimuli presented on a black backgrdund, a
asterisk targets were presented five degrees to the left or right of thed Gration

Cross.

Table 5

Classification of number of trials in each condition of the Positive Emotion Cued
Attention Task in Experiment 3

Mask DurationCue Validity Cue Type Cue Direction \-I;?srl?aeItField
160 ms (90) Valid (72) Positive (36) L L
Neutral (36) R R
Invalid (18) Positive (9) L R
Neutral (9) R L
320 ms (90)  Valid (72) Positive (36) L L
Neutral (36) R R
Invalid (18) Positive (9) L R
Neutral (9) R L

Note Number of trials in each condition are listegparentheses after trial name description. Halhef t
participants in each experiment did the task inrverse order (Positive cues are right cues auttale

cues are left cues).

Image Set
Mean image rating norms from the International Affective PictureeBystLang,

Bradley, & Cutbert, 2001) were used to choose the image set for the current sthdy. In t
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International Affective Picture System (IAPS), images are rated onaseferensions
which include affective valence and arousal. On the IAPS valence ratalgslew
numbers signify negatively rated images while high numbers signify pogitateld
images. The IAPS ratings are done on a scale of 1 to 9, with 1 being the most negative
image possible, 9 being the most positive image possible, and 5 being an exadly neut
image. Negative-valenced IAPS images chosen for the current studgneavevalence
of approximately 1.9 on a scale of 9, with a standard deviation of approximately 0.3 and
ranging in valence from 1.3 to 2.3. Positive images that were used range in viadence f
approximately 7.4 to 8.3, with a mean IAPS rating of approximately 7.8 and approximate
standard deviation of 0.24. Neutral images have a mean of approximately 4.9 with a SD
of approximately 0.22. An attempt was made when choosing negative and positive
images to include as many animate images as possible, and negative avel iptsies
balanced as much as possible based on such features as facial expressions, scenery
interesting visual features, and complexity. In the task that compares Arantcat
Inanimate image cues, the chosen Animate images had a mean valence of 5.0 and
standard deviation of 0.39, ranging from 4.4 to 5.8, while chosen Inanimate images also
had a mean of 5.0 with a standard deviation of 0.2 and ranged from 4.6 to 5.3.

In addition, arousal was standardized as much as possible across positive and
negative pictures. Negative and positive IAPS images are rated on devetah a
scale of 1 to 9, with 9 being the most emotionally arousing images and 1 being the least
arousing. Overall valence ratings across gender were used. Neg&iyenhages used in
the current study have a mean arousal rating of approximately 6.2, ré&mgmg.0 to

7.3, with a standard deviation of 0.27. Positive IAPS images used have a mean arousal
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rating of approximately 5.1 with a standard deviation of 0.23 and a range of 3.1 to 7.3.
Since negative emotional images are more disgusting and show some grussmse S
they are typically rated somewhat more arousing. Positive imagesdtethosen were
also somewhat less arousing, as the more highly rated images in terms ofvaeoesal
often of nudity or pornographic scenes, and were avoided to reduce differences between
males and females. For images used in the Animate-Inanimate tasks, amagge had
mean arousal ratings of 3.7 and standard deviation of 0.9, while inanimate images had
mean arousal ratings of 3.1 and standard deviation of 0.9.
Mood Questionnaires

Level of depression was measured using the Beck Depression Invetitory —
(BDI-Il, Beck, Steer, & Brown 1996). The BDI-Il is a self-report quastiaire that
contains 21 questions pertaining to depressive symptoms, including affectiveitigegnit
and phsyical symptoms. Beck et al. (1996) have suggested that scores belowat8 indic
minimal depressive symptoms, while scores from 14 to 19 show mild to moderate
depression levels. However, these guidelines are suggested for patibrawor
diagnosis of major depression, and cutoff scores for screening depression in normal
populations are less clear. Anxiety levels were assessed using the iBaety A
Inventory (Beck & Steer, 1990), which is also a self-report questionnaire cagtaihi
items measuring anxiety symptoms. In the BAl manual, Beck and Steer §L@g@st
that total scores from 0O to 7 indicate minimal anxiety while scores of 8 to 1&t mrefld
anxiety levels.

Based on previous research (e.g., Lasa, Ayuso-Mateos, Vazquez-Barquero, Diez

Manrique, & Dowrick, 1996), a cutoff score of 12 to 13 has been shown to be effective in
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differentiating depressed from non-depressed individuals in screeningtamgeunity
groups. In both the BDI-Il and BAI, each item is scored from O to 3 points and has a
maximum total score of 63. After completing the Informed Consent document,
participants filled out the questionnaires before beginning computerizedaitergks.
Procedure
Participants were instructed to meet at the appointed time in Room 5 in the
basement of Life Science II, SIU-C. Participants signed the informeemotscument
and then were informed that they were completing some forms such as a demographic
survey and mood questionnaires, and performing a computerized attentiknal tas
Participants attended a single experimental session lasting apprdyiareédiour to one
and a half hours, completed the questionnaires, and performed computer tasks.
Participants performed computer tasks at individualized computer stations iatsepar
cubicles. After completing the experiment they were thanked for their given a
debriefing form describing the experiment they participated in, and oldréhey are
free to leave at this time.
Hypotheses
Hypotheses in the current proposal were based on the LeDoux’s emotional

processing model and on previous bodies of research (i.e., Lang et al., 1997) that

propose adaptive benefit of attending to and/or quickly processing emotional.stimul

The body of research described in the literature review above also describlese¢he

relation of selective attention and emotion and how individuals are predisposed to

allocate attention to certain emotional stimuli. Briefly, the specifpoliyeses tested
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the general hypothesis that subliminal emotional stimuli are processed andilired
more quickly in covert attention tasks.

If emotional information can indeed be processed more quickly, then, relative to
neutral cues, emotional cues should benefit covert attention, especially in theugalid ¢
condition. Such a benefit would demonstrate quicker processing of emotional stimuli
and suggest evidence for LeDoux’s direct thalamic-amygdala pathway. Sintigenega
emotional images such as disgust or threat cues are most relevant to 'sD99&)
model based on neural fear pathways and reactions to potential danger, differences i
emotional cue types would be expected. Negative emotional cues would be expected to
shorten RTs more than positive emotional cues and be expected to result in larger
validity effects when utilized as valid cues. However, since both emotional cise type
(positive and negative valenced images) are not included in the same task othithin t
same experiment; this possibility cannot be explicitly examined in thenturre
experiment. This important finding would lend further support to LeDoux’s notions of
faster processing by the brain for emotional stimuli, and could be an importaf are
future study that could be investigated in clinical psychology in relation to @mabti
disorders. Based on expected benefits of processing emotional information and the
above-noted pilot work, the hypotheses in the present studies were as follows.

Experiment 1

Design.Tasks that were used were The Negative Emotional Cued Attention Task
(NECAT) and Animate-Inanimate Cued Attention Task (AICAT). In Experinient
factors included Mask Duration (80 vs. 160 ms), Validity (Valid vs. Invalid cued)trial

and Valence (Negative vs. Neutral images in NECAT; Animate vs. Inémimages in
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AIDAT) in order to characterize the potential effects of negative iemaitcues on
covert attention.

Hypothesis 1.1A validity effect (Validly Cued minus Invalidly Cued Responses)
was expected in both the Negative Emotional Cued Attention Task (NECAT) and
Animate-Inanimate Cued Attention Task (AICAT). This would be an important
observation if found because it means the subliminal cues can be effective covert
attentional cues. The validity effect compares RTs of valid versus invajetgai hus,
the more beneficial the valid versus invalid cues are, the larger the diffewres
(benefit of valid cues).

Hypothesis 1.2The primary hypothesis in Experiment 1 involves the pairwise
comparison of neutrally versus negatively cued trials within each maskaoshy@tiy for
the Valid target condition. Thus, it was hypothesized that within the ValidityskMa
delay (80 ms vs. 160 ms) x Valence interaction in the NECAT, a significant difeere
between negative and neutral images would be observed for validly cued RTs, That is
negative emotional image cues were expected to show more impact on coveomattenti
compared to neutral cues, especially in the valid-cue condition. Hence, valid negative
image cues were expected to produce significantly shorter RTs in both nesk de
conditions than neutral ones.

Hypothesis 1.3Participants were expected show greater attention to negative
emotional versus neutral image cues. Thus, shorter RTs were expected(avsrai
Mask delays and Validity) when validly cued by subliminally presented embtiona

images compared to subliminally presented neutral images within the NECAT
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Hypothesis 1.4Greater validity effects were expected for subliminal negative

emotional versus subliminal neutral images overall and greater emotionaty

validity effects were expected at shorter mask durations within the NEG#ETwio

different mask delay conditions (80 ms versus 160 ms) were designed to allow

comparisons between neutral and emotional cueing at two different durationsrbetwee

attentional cues and targets.
Experiment 2

Design. In Experiment 2, masking image stimuli were presented at longer time
durations (160 vs. 320 ms) than in Experiment 1 (80 vs. 160 ms) in order to characterize
the time period over which the benefits negative emotional cues affect cosetibatt
This experiment was identical to Experiment 1, with the exception that delsyeeine
cue and target stimuli were presented at longer time durations in both of thé#asks t
were used: The Negative Emotional Cued Attention Task (NECAT) and Animate
Inanimate Cued Attention Task (AICAT).
Hypothesis 2.1A validity effect was expected overall in both the NECAT and
AICAT, which was important in Experiment 2 in order to further charactenzérme
range in which the effects of emotional cueing could be observed. A significalityval
effect would mean that subliminal cues were utilized as covert attentiorsadcese with
longer time durations (160 and 320 ms versus the 80 ms and 160 ms in Experiment 1)
preceding targets.
Hypothesis 2.2The primary hypothesis in Experiment 2, as in Experiment 1,

involved the pairwise comparison of neutrally versus negatively cued trials wdhbh

mask duration only for the validly cued targets. In the Validity x Mask delMglence
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interaction in the NECAT, negative emotional image cues were expected to be more
effective to covert attention compared to neutral cues, especially when taegets

validly cued by negative emotional images. Hence, valid negative image erees w
expected to produce significantly shorter RTs in both the 160 ms and 320 ms mask delay
conditions. Although results could not be compared across experiments, as these
experiments are separate, in different participant pools, and have difterernit sming,

more salient differences between neutral and negative cues were expebte NECAT
version than in the first experiment.

Hypothesis 2.3Participants were expected show greater attention to negative
emotional versus neutral image cues in this NECAT version, as in Experiment 1. Thus
shorter RTs were again expected overall when validly cued by subliminalinfaése
emotional images compared to neutral images within the NECAT in Experiment 2.

Hypothesis 2.4Greater validity effects were expected for negative emotional
compared to neutral images and greater emotionally cued validityseffeot expected
at shorter mask durations within this NECAT version. The validity effect wasde
to be especially strong for negative image cues at the shorter mas&rdurahis
experiment due to the differing timing from Experiment 1. That is, since timasg
changed from Experiment 1 for masking duration based on preliminary results, and 160
ms is the short duration in this experiment, a strong validity effect at thigshort
duration would demonstrate quicker negative emotional cueing.

Experiment 3
Design.In Experiment 3, The Positive Emotional Cued Attention Task (PECAT)

and Animate-Inanimate Cued Attention Task (AICAT) were used, with mask smage
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presented at the same time durations (160 vs. 320 ms) as the tasks in Experiment 3.
Although cueing properties of positive emotional stimuli have been less frequently
studied and are thus less understood, these masking durations were expected to be
optimal time durations to measure emotional cueing in covert attention. iBepe3

was needed to examine whether positive emotional cueing could occur in a covert
attention task, and to characterize the time durations at which positive emotiongl cue
occurs.

Hypothesis 3.1A validity effect was expected overall in both the PECAT and
AICAT, which would be an important observation if found because it would mean that
not only neutral subliminal cues but also positive subliminal image cues werasused
covert attentional cues.

Hypothesis 3.2The primary hypothesis in Experiment 3.2 again involves the
pairwise comparison of neutrally versus positively cued trials within eask duration
only for the validly cued targets. In the Validity x Mask delay x Valentgaation in
the PECAT, positive emotional image cues were expected to be more effectoxert
attention compared to neutral cues, especially when targets were vaédlyyg positive
emotional images. Hence, valid positive image cues were expected to produce
significantly shorter RTs in both the 160 ms and 320 ms mask delay conditions compared
to neutral images cues during each of those rdaklys due to the expected benefits of
valid emotional image cues. Although results cannot be compared across erpgerim
the most salient differences between neutral and positive cues wertedxpébis

PECAT version.
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Hypothesis 3.3More rapid reaction times were expected overall when validly cued
by subliminally presented emotional images compared to neutral imagéas tivé
Positive Emotion Cued Attention Task (PECAT). Hence, participants weretegpec
show greater attention to positive emotional versus neutral image cues, thoughdropose
hypotheses were more tentative in Experiment 3 because of less evidertsnfammal
cueing by and rapid processing of positive emotion
Hypothesis 3.4Greater validity effects were expected for positive emotional
versus neutral images overall (across both mask durations), and greater positive
emotionally vs. neutrally cued validity effects were expected at shoask durations
within the PECAT. The validity effect compares valid versus invalid taagetghus
the more effective the valid versus invalid cues, the larger the changs stterms of
milliseconds of benefit. This would demonstrate that not only negative emotional cues

but also positive emotional cues differentially impact visual attention.
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CHAPTER 3
RESULTS
Statistical Procedures

Only RTs between 100 ms and 1000 ms were included in data analyses because
based on previous research using computerized attentional tasks, it is unlikely that
responses shorter than 100 ms are responses to the actual target and that RTs this short
are in fact anticipated responses to the target stimulus or premature beseespRTs
longer than 1000 ms are more likely to have been the result of inattention to the computer
screen and are also considered outliers. Tmlsyodat a from corr ect
responses above 100 ns and bel ow 100ns were i ncl uded.

After obtaining median RT values for within-subjects performandeiféar each
participant, data was exported into SPSS statistical software for subsagalyses and
RTs in each of the conditions for each participant were checked exterisivpbtential
outliers.

Based on these procedures, in Experinent 1, 4.4 % of
trials were discarded due to incorrect responses or m ssed
targets, and anal ysis was perforned on 95.6 % of the total
trials. A total of 5 participants were excluded from
Experinent 1 due to faulty perfornmance, aberrant data, or
conputer mal function. In Experinent 2, 4.9 %of trials were
di scarded due to incorrect responses or m ssed targets,
anal ysis was perforned on 95.1 %of the total trials, and 4
participants were excluded fromthe performance results. In
Experiment 3, 4.7 %of trials were discarded due to

i ncorrect responses or mssed targets, analysis was
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performed on 95.3 % of the total trials, and again 4
partici pants were excluded fromthe performance results.

Specific, a priori hypotheses were tested using pairwise comparistins wit
SPSS. Pairwise comparisons were calculated to test the specific,gaddipbtheses,
rather than ANOVAs, because of the specific nature of the predicted hymotmesm®
avoid the large number of complex results and interactions not of relevance to
experimental hypotheses. The overall pattern of results and secondary hypotreses
tested using General Linear Model repeated measures ANOVAs. The goalydes
within GLM is to best explain the total variance in the dependent variable (M&rphy
Myors, 1998). For some specific hypotheses, SPSS Pair-wise comparisenseaito
calculate mean differences between specific categories; in teisreasrse logarithms of
mean differences (between overall median RTs) are reported.

Repeated-measures factors tested in Experiments 1 through 3 were MasknDurati
(80 ms versus 160 ms in Experiment 1; 160 vs. 320 ms in Experiments 2 and 3); Cue
Type (animate vs. inanimate images in the AICAT; negative vs. neutral inmaiipes
NECAT,; positive vs. neutral images in the PECAT); and Cue Validity (valid versus
invalid cues). The overall statistical procedure for each design was thug x 2
Repeated Measures ANOVA. Validity effects (the response timereif€e of validly
versus invalidly cued targets) were computed for each task, and compasditasks
within each experiment in a separate ANOVA that included the between subjabterari
Task Version. Alpha levels of .05 were used for ANOVAs and follow-up analyses. A
total of 64 participants were planned for each of the 3 experiments, although severa
additional participants showed up for experiment one on the last day of data collection

and were used. Power analyses showed a total of 48 participants to be suffitient i
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current experimental design, assuming a medium effect size. Consideveldeatures
included in the present experiments, such as subliminal image cues and the study of
positive emotional cueing, the sample size was increased to a total of 64 pagitipa
each of the three Experiments.
Distribution Normality

Normality of distributions for reaction time data was measured in SP&$ usi
Skewness Analyses. Skewness is the measure of the asymmetry of dataidistobut
the amount that the distribution varies from normal, with a perfectly normabdisbm
having a Skewness value of 0. According to statistical guidelines, skewness tredt
are more than twice the value of the standard error for that factor indgatecant
asymmetry. Overall, the response time data in Experiments 1 through 3 wekelyosit
skewed, showing that the response time data were distributed with a sigiyificager
than normal right tail. Therefore, logarithms were calculated for emgonse time value
in order to make data more normally distributed.

All statistical analyses were conducted using the logarithm values intordeal
with skewed RT distributions, but reverse logarithms of response times @alegyedsin
the text and discussed for ease of reporting and explaining results.

Demographics

The demographics of the participants in the present experiments wer@was .foll
In Experiment 1, ages ranged from a minimum of 18 years to a maximum of 60 years of
age, with a mean of 20.5 years of age. Out of the 66 total participants, self@¢eporte
ethnicity included 24 African-American, 3 Asian, 1 biracial, and 38 Caucasian

participants. Out of 59 total participants who completed Experiment 2, selfeeport
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ethnicity included 21 African-American, 1 Asian, 1 Hispanic, 1 individual wishinganot t
report ethnicity, and 35 Caucasian participants. In Experiment 2, ages reogeal f
minimum of 18 years to a maximum of 23 years of age, with a mean of 18.9 yeges of a
Finally, Experiment 3 included 24 African-American, 1 Asian, 1 Hispanic, and 36
Caucasian participants. Mean age in Experiment 3 was 19.1 years of age angk afr
18 to 23.

Testing of Proposed Hypotheses

Experiment 1Experiment 1 was designed to establish a validity effect with all
neutral images in the Animate-Inanimate Cued Attention Task (AICAT) and the
examine whether validity effects are obtained at shorter intervals withiveegarsus
neutral images in the Negative Emotion Cued Attention Task (NECAT). In Exgrariin
two participants were eliminated from the data set for analysis due to inappgopri
responses and highly aberrant response time values.

Hypothesis 1.1 predicted an overall validity effect in both Experiment 1 tasks, a
finding that would demonstrate that neutrally and negatively valenced sublinmmali st
can function as covert attentional cues. As predicted, significant validégtefor RTs
were found in the NECATE(1, 64) = 25.31,p < .001, as well as in the AICAT(1, 65)
=19.83,p < .001. Further, in the NECAT, validity had an overall effect size (eta squared)
of 0.39, while in the AICAT the effect size (eta squared) was 0.23.

Hypothesis 1.2 predicted that in the NECAT, negative emotional cues would be
more effective than neutral cues for validly cued targets at both 80ms and mh@8ins
conditions, and thus negative cues were expected to lead to more rapid responses

compared to neutral pictures within the valid condition. Pairwise comparisons of RTs
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within the Validity x Mask delay x Valence interaction were calculaigdsdt the
hypothesis directly, because of the specific nature of the predicted hypothe:ses a
avoid interpreting a potentially large number of complex results and intgrsct
Contrary to prediction, in the NECAT, there were no significant differebetseen
neutral and negative validly cued targets at either the 8@ m€/08) or 160 msp(=
0.12) mask duration, though there was a trend toward reduced response times for

negative vs. neutral cues. See Table 6 below.

Table 6

Hypothesis 1.2 Validity x Mask Duration x Valence Pairwise Comparisons

Validity = Mask Valence Valence Mean Difference in Ms  Standard
Delay Level Level (Neutral — Negative) Error

Valid 80 ms Negative Neutral -5.30 3.44
160 ms Negative Neutral -6.06 3.95

Note In Experiment 1, no significant differences were observed between neuditradgative
images for validly cued targets in either the 80 ms or 160 ms mask delayamdihe mean
neutral-negative difference reported above represent mean differeetwveen reverse
logarithms of RT medians. Neutral minus negative RTs were caldwigtiein each of the above
mask delay and validity categories.

However, further follow-up analyses for Hypothesis 1.2 showed that in both the
80ms and 160ms mask conditions, negative but not neutral images cues produced a
significant validity effect. This result is consistent with HypothesisHaP fgroposed that

only negative imagery would be processed quickly enough to show benefits in terms of

greater validity effect (see table 7 below).
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Table 7

Mask Duration x Validity x Valence Pairwise Comparisons

Mask Valence Cue Cue Mean Difference in Ms Standard
Delay Validity Validity (Valid — Invalid) Error
80 ms Negative Valid Invalid -15.78** 4.23
Neutral Valid Invalid -4.04 4.02
160 ms Negative  Valid Invalid -16.58* 4.89
Neutral Valid Invalid -7.84 4.34

* p<.01, *p<.001
Note In both the 80ms and 160ms mask conditions, negative image cues but not neutral cues
produced a significant validity effect. The mean valid-invalifiedénce reported above represent
reverse logarithms of mean differences between RT medians. Valid imnalid RTs were
calculated within each of the above mask delay and valence categories.

Hypothesis 1.3 predicted shorter RTs when validly cued by emotional compared
to neutral NECAT images. Contrary to prediction, there was no overall maat eff
Valence on RTg) > .05, and the effect size (eta squared) of valence was 0.01. However,
this main effect is not an accurate assessment of negative versusineages if
collapsed across validity conditions, as negative cues may actually slow essfipns
invalid targets if negative images are attention-grabbing and thenattdritxation is
required to shift to the opposite visual field for target response. Neutral vergasve
RTs for validly cued targets, collapsed across both 80ms and 160ms mask delays, did not

differ significantly,p = 0.10, though the trend was in the direction of reduced response

times for valid negative vs. neutral cues (Table 8).
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Table 8
Validity x Valence Pairwise Comparison
Validity Valence Valence Mean Difference in Ms Standard Error
Level Level (Negative - Neutral)
Valid Negative Neutral -5.68 3.41
Invalid  Negative Neutral 4.56 451

Note There was a trend toward reduced response times (signified bytaadgerence) for
negative versus neutral responses for validly cued targetspsetl across mask durations. The
mean neutral-negative difference reported above represent revensthfog of mean differences
between

RT medians.

Finally, Hypothesis 1.4 predicted greater negative emotionally cued yalidit
effects than for neutral images overall within the NECAT. As expected, when the
Validity x Valence interaction was broken down to compare valid and invalidly cued
targets within the negative image category and collapsed across mask duttagions
valid-invalid difference was significant, mean difference = 16.18xws,001. Lending
more support to Hypothesis 1.4, the valid-invalid difference (Validity Effga not
significant for neutral images (see Table 9). While lending support falegnesidity
effects for negative emotional versus neutral images, this comparison does restully
the proposed hypothesis.

To directly test Hypothesis 1.4, first difference scores were calduiateralidity
effects, in order to interpret more complex interactions and examine thigddéeat
levels of each other variable. Thus, the three main within-subjects varialdéfgct, are

reduced to two variables, and the validity effect becomes a separate cépaniddble.
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Table 9

Hypothesis 1.4 Validity x Valence Pairwise Comparison

Valence Cue Cue Mean Difference in Ms Standard Error
Validity Validity (Valid — Invalid)
Negative Valid Invalid -16.18** 3.90
Neutral Valid Invalid -5.94 3.39
** p<.001

Note Greater validity effects were found for negative emotional varsusal images, as
calculated by pairwise comparisons based on reverse logarithms difei@imedian RT values.

Table 10

Mask Delay x Valence Pairwise Comparison for Validity Change Scores

Mask Valence Valence Mean Difference in Ms Standard Error
Delay Level Level (Negative — Neutral)

80 ms Negative Neutral -12.06* 6.39

160 ms Negative Neutral -6.90 6.99
*p<.05

Note Differences between negative and neutrally daegets is significant on validity effect at 80 ms
masks, but not 160 ms masks. A negative differelecmtes shorter response times for negative valence

As seen in Table 10, the validity effect comparison between negative andiyeutd
targets is significant at the 80 ms mask duration for negative cued targets, Mea
Difference = 12.06 mg = .045, and not significant at the 160 ms mask duration for
negative vs. neutral cugs= 0.11. Hypothesis 4 was partially supported based on these

results.

Experiment 2In Experiment 2, masking stimuli were presented at longer time

durations (160 vs. 320 ms) than in Experiment 1 (80 vs. 160 ms) in order to determine
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whether negative emotional cues differentially affect covert attentios.ekiperiment
was identical to Experiment 1, with the exception that stimuli presented aediftane
durations in order to determine whether validity effects are obtained moreyquithk
negative emotional images compared to neutral images in a task with longer cue-target
delays than in Experiment 1. In Experiment 2, mask durations were extended to 160 ms
versus 320 ms in both of the tasks that were used, the Negative Emotional Cued Attention
Task (NECAT) and Animate-Inanimate Cued Attention Task (AICAT), in ordertterbe
characterize time periods over which negative emotionally cued attentios.occur

Hypothesis 2.1 predicted an overall validity effect in both tasks that would
demonstrate that neutrally and negatively valenced subliminal stimulunetidn as
covert attentional cues. Contrary to expectation, the validity main effeatatas
significant in the Experiment 2 NECAF(1, 58) = 2.4p = 0.12 with an overall effect
size (eta squared) of 0.05. However, in the AICAT, a significant validity effast
found,F(1, 60) = 10.1p = .002, with an overall effect size (eta squared) of 0.12. Thus,
Hypothesis 1 was partially supported. Specifically, subliminal image am@gcntly
speeded RTs for animate-inanimate discrimination with neutral imagdrg MICAT
but not for neutral-negative discrimination in the NECAT. Unlike Experiment Ighwhi
found significant validity effects across both tasks using shorter mask durations (80 vs
160 ms), in Experiment 2 significant validity effects were found only in theAAlBut
not in the NECAT with the longer mask durations used (160 vs. 320 ms).

Hypothesis 2.2 predicted that in the NECAT, negative emotional cues would
improve covert attention overall, especially for validly cued targetsdVialgative cues

were expected to lead to more rapid responses at both 160 ms and 320 ms mask durations
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compared to neutral cues. The increase in the mask duration, creating longer delays
between image cues and targets in this Experiment 2 NECAT version, wasedxpduot
useful in more fully characterizing differences between neutral and negagise c
observed in Experiment 1. Pairwise comparisons within the Validity x Maal del
Valence interaction were calculated to test the predicted hypothesis.rgomtra
prediction, in the NECAT, there were no significant differences between hautra
negative validly cued targets, within either the 160 ms or 320 ms mask dupatorQ5
(see Table 11 below). Moreover, unlike in Experiment 1 in which negative image cues
but not neutral cues produced significant validity effects at both mask durations, in
Experiment 2 there were no significant validity effects for either nlemtr@egative cues

in either mask duration. Thus, Hypothesis 2.2 was completely unsupported: at longer
mask durations than in Experiment 1, the negative-neutral discrimination appeared to be

unable to produce validity effects at masking durations of 160 or 320 ms.

Table 11

Hypothesis 2.2: Validity x Mask Duration x Valence Pairwise Comparisons

Validity =~ Mask Valence Valence  Mean Difference in Ms  Standard
Delay Level Level (Neutral — Negative) Error
Valid 160 ms Negative Neutral -1.64 4.39
320 ms Negative Neutral -1.12 4.52
* p<.05

In Hypothesis 2.3, participants were expected show greater overall attention to

negative than to neutral cues in the Experiment 2 NECAT version, as evidenced by
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shorter (more rapid) RTs with validly cued emotional images compared tolneutra
images. When neutral versus negative cued targets were compared forouedatlly
targets (within the Validity x Valence interaction), collapsed across bothsl&0ch320
ms mask delays, the mean difference (-1.37 ms) did not approach signifcanzds.
Thus, when the time between the negative or neutral cue is extended from 80ms and 160
ms in Experiment 1, to 160 ms and 320 ms in the present experiment, participants did not
benefit from making emotional discrimination between negative and neutral cues

In Hypothesis 2.4, greater emotionally cued validity effects for negative @mabti
versus neutral images were expected at the shorter 160 ms mask durations within thi
NECAT. Contrary to expectation, when the Validity x Valence interaction wapared
for valid vs. invalid cues (Validity Effect) within the negative image aatggcollapsed
across mask durations, the valid-invalid cue difference (-7.72 ms) was not significa
0.13. The valid-invalid difference was also not significant for neutral images.

To directly test Hypothesis 2.4 further, difference scores were cadulat
validity effects in order to further examine valid-invalid cue differeratdsvels of each
other variable. Analyzing validity effect as a separate dependent vatlabldifferences
between negative and neutrally cued targets were clearly not sighdicthe 160 ms
mask duration, (-1.73 mp,= 0.22) or at the 320 ms mask duration for (3.77pws,
0.92). See Table 12. Hence, Hypothesis 2.4 was not supported and the premise of
extending cue-target delays from 80 ms and 160 ms to 160 ms and 320 ms was not
supported. It remains possible that mask durations were shorter than optimal to best

measure emotional cueing in Experiment 1, but somewhat too long in Experiment 2.
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Table 12

Hypothesis 2.4 Valence Differences within Each Mask Duration for Validity &ffect

Mask Duration  Valence Valence Mean Difference Standard
Level Level (Negative — Neutral) Error

160 ms Negative Neutral -1.73 5.00

320 ms Negative Neutral 3.77 5.41

Experiment 3In Experiment 3, masking stimuli were presented at the time
durations (160 vs. 320 ms) as in Experiment 2. The tasks used in Experiment 3 included
the Animate-Inanimate Cued Attention Task (AICAT), with exactly the sstmmauli and
design as in Experiment 2, and the Positive Emotional Cued Attention Task (PECAT) in
place of the Negative Emotional Cued Attention Task (NECAT). The mairofjtiaé
third experiment in this project was to begin to characterize time duratiamsch
positive-emotionally cued attention can occur with subliminal stimuli. Again, in
Experiment 3, main hypotheses were first tested with specific analyses.

As hypothesis 3.1 predicted, a significant overall validity effect on RT was
observed for both the PECAR(1, 62) = 5.5p < .05, and the AICATE(1, 60) = 8.28,p
< .01. In the PECAT, validity had an overall effect size (eta squared) of 0.08, wthie i
AICAT the effect size (eta squared) was 0.11.

However, Hypothesis 3.2 was not supported. Primary analysis involved the
pairwise comparison within the Validity x Mask delay x Valence interactidhg

PECAT, with valid positive image cues, relative to neutral ones, expected to
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differentially affect covert attention. There were no significant défiees in the PECAT
between neutral or positive validly cued targets within either the 160 ms or 320 ms mask
duration (5.2 and 1.5 ms difference, respectivelyps#t .05. Thus, neither neutral nor
positive cues in either mask duration showed significant differential etiaatsvert

attention in Experiment 3, and Hypothesis 3.2 was completely unsupported.

In Hypothesis 3.3, participants were expected show greater overall RTt benef
from positive emotional versus neutral image cues. Thus, shorter RTs were expected
overall when validly cued by subliminal positive vs. neutral images within th&weosi
Emotion Cued Attention Task (PECAT). Since invalid positive cues may actually
increase RTs targets when a target is expected in one visual field and nc¢hersther,
only validly cued trials should be considered. As expected, there was no main effect of
image valencef (1, 62) = 2.33p = 0.13. Effect size (eta squared) for valence was 0.04.

Comparing neutral versus positive cues within the valid condition (Validity x
Valence pairwise comparisons), across both masking durations, the mean difference
between image valences was not significant,0.44, Mean Difference = - 3.33 ms (See
Table 13). Thus, in Experiment 3, participants did not benefit from making emotional
discrimination between positive and neutral cues, though responses to valid positive

versus valid neutral cues were slightly shorter (faster) but noifisant.



106

Table 13

Hypothesis 3.3 Valence Differences within Each Validity Condition

Validity Valence Valence Mean Difference in Ms Standard
Level Level (Neutral — Positive) Error

Valid Positive Neutral -3.33 3.27

Invalid Positive Neutral -4.51 4.73

Hypothesis 3.4 predicted greater validity effects for positive emotionals/ers
neutral images overall and greater emotionally cued validity effettgwihe PECAT.
As in Experiment 2, Valid vs. Invalid trials (the validity effect) weoenpared only
within the positive image category collapsed across both mask durations (Szé4l)abl
Contrary to the prediction, the valid-invalid response time difference atasgnificant
for positive cuesp = 0.31, Mean Difference = -6.02 ms, and the there were also no
validity differences for neutral images either when collapsed acrossduesgionsp =
0.08, Mean Difference = 7.19 ms, though there was a trend for a significantyvalidit

effect.

Table 14

Hypothesis 3.4 Validity Effects within each Cue Valence

Valence Cue Validity  Cue Validity Mean Difference in Standard
Ms (Valid — Invalid)  Error

Neutral Valid Invalid -7.19 413

Positive Valid Invalid -6.02 3.66
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To more directly test Hypothesis 3.4, valid-invalid difference scores wiendatad
for validity effects in order to further examine valid-invalid cue diffeemnat levels of
each other variable, again in order to reduce the effect of validity to a segpepandent
variable. Differences between positive and neutrally cued validity efiedtse( Mask
Delay x Valence interaction, with Validity Effect as the dependent vajia@re not
significant at either the 160 ms mask duratigms 0.94) or at the 320 ms mask duration
(p=0.10). See Table 15 below for these analyses. Hence, Hypothesis 3.4 was not
supported in Experiment 3, and positive emotional cues do not seem to be successful in
increasing validity effects. It remains possible that mask durationssierter than
optimal to best measure emotional cueing in Experiment 1, but somewhat too long in

Experiment 2.

Table 15

Hypothesis 3.4 Effects of Positive vs. Neutral Emotion on Validity Effects vatiin e
Mask Delay

Mask Delay  Valence Level Valence Level = Mean Difference Standard
(Positive — Neutral) Error

160 ms Positive Neutral 3.73 4.13

320 ms Positive Neutral 14.64 3.66

Mood Effects
The overall effects of existing depressive or anxiety symptoms were hgjzetthe

to affect performance on the emotional tasks in the present experiments, due to the
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emotional discrimination required to perform the Negative Emotion Cued Atterdsin T
(NECAT) and the Positive Emotion Cued Attention Task (PECAT). As described in the
literature review, state anxiety and depression can affect selettention to emotional
stimuli, with anxiety possibly predisposing one to pre-conscious negativéoealot
biases and depression leading to automatically noticing or attending to negative
emotional stimuli (Mogg et al., 1995; Wells & Matthews, 1995). The body of literature
regarding anxiety and its effects on attention and vigilance might supgésinxious
individuals would be predisposed to respond much more quickly, especially in tasks
involving emotional discrimination. Hence, those with high state anxiety were
hypothesized to respond more quickly than those with low anxiety, and thus show
significantly shorter response times on the NECAT in general.

Another common theme across treatment and research of depressed individuals
has been the psychomotor retardation and cognitive slowing as a part of depressive
symptomatology (i.e., Beck, 1995). Those high in depressive affect reporting sygnptom
of depression were therefore expected to perform the NECAT significhoher due to
being distracted and hindered by negative emotional imagery. Depression \gasatiea
using Beck Depression Inventory (BDI) scores, while anxiety was mekgsireg Beck
Anxiety Inventory (BAI) scores, as described in Methods. Overall meaestpn
scores on the BDI-II in Experiment 1 were 9.9 with standard deviation of 8.0; Experiment
1 mean anxiety scores on the BAI were 8.3 with standard deviation of 6.0. In Experiment
2, mean depression scores on the BDI-Il were 10.3 with standard deviation of 11.3 and

mean anxiety scores on the BAI were 11.1 with standard deviation of 12.5. Experiment 3
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mean depression scores were 9.7 with standard deviation of 11.3 and mean anxiety scores
were 10.2 with standard deviation of 12.2.
Regression Analyses of the Moderating Effects of State Anxiety and Depression
Mixed-effects regression analysis was conducted in SAS to asieiss w
subjects factors Mask Duration (80 vs. 160 ms in Experiment 1; 160 vs. 320 ms in
Experiments 2 and 3), Validity (valid vs. invalid), Valence (neutral vs. negative in
NECAT; neutral vs. positive in PECAT), Visual Field (left vs. right), and the lestwe
subjects factor Anxiety (Beck Anxiety Inventory total scores) was cdadwmn the
dependent measure of median response time. A separate mixed-effectforegrass
performed on the same within-subjects factors separately with the betwigeaots factor
of Depression (Beck Depression Inventory total scores). Another mixed regress
performed to analyze the combined effects of Depression and Anxiety on task
performance. Due to the original response times, as well as the anxietypaesba
scores, being skewed, base-10 logarithms of the raw values were calculated before
performing the regression analyses. Again, although base-10 logaritmenased for
mixed regressions, mean RTs and RT differences are reported based coreaviosc
ease of display and interpretation. BAl and BDI total scores were usedtsgpar a
mixed effects analysis to test the hypothesis that anxiety or depressigemoderated
the effects of emotional cueing on covert attention. History of major depressovdeati
or anxiety disorder diagnosis was not assessed or selected for based orcatgsff s
because the goal was to assess the potential moderating effects of tngeuoomti
depression and anxiety in a student population using the full range of scores as a

predictor. Mixed effects regression was used because regression ankaysisraire
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powerful and appropriate analysis. Specifically, mixed regression anallgsis the full
range anxiety and depression scores to be used, and thereby eliminatesdahpdoger
associated that occurs when scores are dichotomized or trichotomized, asl edhire
mixed ANOVAs.

A possible issue, at least in Experiments 2 and 3, was that not all participanggin the
experiments completed mood questionnaires. One reason was that enough mood
guestionnaires were not obtained in order to assess all individuals who participated. A
few participants also neglected to answer questions, so that their mood data waes not abl
to be assessed, or they chose not to answer questions pertaining to their anxiety or
depressive symptoms. This somewhat reduced the power of regression analyses in
Experiments 2 and 3.

Experiment 1Mixed regression analysis (Table 16) was conducted on a total of
65 participants in the first experiment. As expected, there were signifieamieffects of
Mask DurationfF (1, 322) = 32.51p < .001 and ValidityF (1, 322) = 12.54p = .001,
with longer Mask Durations and Valid Cues significantly reducing RTs. Afgignt
interaction of Validity with Valence was also observedl, 322) = 6.53p = .001.
Regarding mood effects, the presence of depression or anxiety wasdxpdtave
significant effects on overall response times in the NECAT. More spdigifiaaxiety
was predicted to reduce overall RTs while depression was predicted to incfease R
based on the emotional discrimination required to perform the task.

The main effects of Depression and Anxiety on overall NECAT performance RTs
were not significant, but there was significant Anxiety x Validityaléhce interaction,

F (18, 322) = 2.0p < .01. Consistent with predictions, individuals high in state anxiety
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experienced greater benefit from emotionally negative cues, relative talreeigs, than
did low anxiety individuals. No interactions with Depression were signifiddre
combined effect of Depression and Anxiety on task performance was nearly aignific

F (18, 6) = 3.6p= .06

Table 16

Experiment 1 Mask Duration x Validity x Valence x Anxiety Mixed
Regression Output from SAS

Effect DF F Value
Mask Duration 1 26.88***
Validity 1 7.63**
Mask Duration x Validity 1 0.36
Mask Duration x Valence 1 0.01
Validity x Valence 1 6.53*
Mask Duration x Validity x Valence 1 0.08
Anxiety 18 0.88
Anxiety x Mask Duration 18 1.14
Anxiety x Validity 18 0.85
Anxiety x Mask Duration x Validity 18 0.77
Anxiety x Valence 18 1.12
Anxiety x Mask Duration x Valence 18 0.36
Anxiety x Validity x Valence 18 2.00**
Anxiety x Mask Duration x Validity x 18 0.27
Valence

* p <.05, ** p <.01, **p < .001
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Experiment 2Mixed regression analysis was conducted with a total of 45
participants in the second experiment, and the presence of depression or anxa$p was
expected to significantly impact on overall performance in the NECAT. More
specifically, anxiety was again predicted to reduce overall response winle
depression was predicted to increase response times. In Experiment 2athare w
significant main effect of Mask DuratioR,(1, 161) = 32.97p < .001. There was no
significant main effect of Anxiety, though there was a significantacteyn of Anxiety
with Mask DurationF (21, 161) = 2.90p < .001 and Anxiety with Validity and Valence,
F (21, 161) = 2.46p < .01. The main effect of Depression was also not significant;
however, Depression significantly interacted with Mask Dura&of21, 161) = 1.90p <
.05, and Depression showed a trend towards significant interaction with Vadiit{e.
Anxiety and depression did not produce combined effects on task performance.

Experiment 3Mixed regression analysis was conducted on a total of 43
participants in the third experiment. As expected, there were significanteffi@cts of
Mask DurationF (1, 42) = 17.72p < .001 and ValidityF (1, 42) = 4.38p < .05.
Regarding effects of depression or anxiety, hypotheses in Experiment Bhaere
tentative in nature, but anxiety was expected to reduce overall response tin®@s due
hypervigilant responding while depression was predicted to increase respoese ti
There was a significant effect of Depression on PECAT performan@§), 23) = 2.18p
< .05. However, there was no main effect of Anxiety, but a trend toward a significant
interaction of Anxiety with Valence was observpd; .055. Neither Depression nor
Anxiety significantly interacted with other PECAT factors. Anxiety angregsion did

not produce combined effects on task performance.
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Table 17

Experiment 2 Mask Duration x Validity x Valence x Anxiety Mixed Regression SAS
Output

Effect DF F Value
Mask Duration 1 32.97%**
Validity 1 0.56
Mask Duration x Validity 1 1.00
Valence 1 0.08
Mask Duration x Valence 1 0.00
Validity x Valence 1 0.03
Mask Duration x Validity x Valence 1 0.19
Anxiety 21 1.28
Anxiety x Mask Duration 21 2.90%**
Anxiety x Validity 21 1.25
Anxiety x Mask Duration x Validity 21 0.81
Anxiety x Valence 21 1.32
Anxiety x Mask Duration x Valence 21 1.09
Anxiety x Validity x Valence 21 2.46**
Anxiety x Mask Duration x Validity x 21 1.18
Valence

* p <'05’ ** p <.01, ***p < .001
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Experiment 3 Mask Duration x Validity x Valence x Depression Mixed Regmessi

Output from SAS

Effect DF F Value
Mask Duration 1 30.39***
Validity 1 2.85
Mask Duration x Validity 1 0.20
Valence 1 0.35
Mask Duration x Valence 1 0.08
Validity x Valence 1 0.11
Mask Duration x Validity x Valence 1 0.01
Depression 21 0.92
Depression x Mask Duration 21 1.90*
Depression x Validity 21 1.57
Depression x Mask Duration x Validity 21 0.64
Depression x Valence 21 1.23
Depression x Mask Duration x Valence 21 1.48
Depression x Validity x Valence 21 2.89***
Depression x Mask Duration x Validity x 21 1.20

Valence

* p <.05, ** p <.01, ***p < .001
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CHAPTER 4
DISCUSSION
Overview

The findings supported some of the proposed hypotheses, but not others. The
discussion is structured in the following way. First, testing of specific, proposed
hypotheses is evaluated. Then exploratory supplemental regression analysgsigva
the effects of mood on attentional performance are explained. Finally, ingiEaff
hypothesis testing and exploratory analyses and future directions agtéuet.
Testing of Specific Hypotheses

Demonstration of subliminal cueinGonsistent with previous research,
subliminal images were processed and utilized as attentional cues andralldiming
in covert attention paradigms is indeed possible. While not surprising in partasular,
subliminal presentation of stimuli has shown to modulate preference of cades(i.e.,
Bornstein, 1992; Zajonc, 1980) or preconscious attentional bias in individuals with
certain mood states (Bradley et al., 1994), subliminal processing of sublioneat c
attention cues validates the Experiment 1 tasks and proves them useful foweogniti
neuroscience research. Using subliminal cueing within covert attentiongrasadas
several potential applications, which will be discussed.

An important finding in the current project overall was that subliminal image
cues led to validity effects in covert attention tasks during which the primgyggmiof
the task was to differentiate emotional versus neutral imagery. Resultaatere
consistent across all three experiments, though the finding held true for @&TNE

Experiment 1, the AICAT in Experiments 1-3, and the Experiment 3 PECAT. Sagntifi
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validity effects demonstrate that subliminal images are able to cud attegition even
though presented below conscious awareness. Subliminal discrimination is beieg m
between both animate vs. inanimate negative vs. neutral valences and the tasks seem
be measuring subliminal cueing for which they were designed. Further, since highl
significant validity effects were found in both animate-inanimate and inegagutral
discrimination tasks, it was likely not due solely to an arousing or otherwisesititey
feature of negative valenced imagery.

Validity effects for negative cueA further important finding was significant
validity effects only for negative image cues, and not for neutral imagewitleis each
mask duration (80 and 160 ms). In other words, only negative image cues appeared to be
processed quickly enough to be utilized as covert attentional cues, by leading to
significant validity effects. Examining differential validity effs for each valence is a
more appropriate method of testing whether negative versus neutral imagescues ar
beneficial, rather than testing for main valence effects. A main vaédfese# was not an
entirely accurate assessment of negative versus neutral image esaimgalid negative
images may actuallycreaseRTs if negative images grab attention and then attentional
fixation is required to disengage and shift. When comparing neutral vs. negative, validly
cued trials across both mask durations, this comparison was not significant but a trend
toward significance was observed. It is possible that with a larger samghitaaising
participants that are motivated to maintain high effort (i.e., with incentiveofogct
responses), that significant selective effects of negative, valid sublictieaiwould be
observed. Despite no overall effect of valence, ample evidence was nonethezidss se

selective attentional cueing by negative emotion. Most importantly, lpgupaort was
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found in Experiment 1 for the hypothesis that negative emotionally cued, rather than
neutrally cued, validity effects would be greater when collapsed across askh m
durations.

Cue-target delayslhe validity effect was highly significant for negative
emotionally-cued trials overall, but not significant for neutral images, whizhdibe
expected if negative but not neutral cues were being utilized as sublimingl cove
attention cues. More direct analysis was done by calculating validigtetteuse as the
dependent variable. With this method, there was a significant difference betwee
negatively and neutrally-cued validity effects, but only at the short (80 nsX) ch@ation
(seen in Table 10). This finding provides the most direct evidence that negatiee imag
cues are best utilized at the short delay (80 ms) between cue and targedlg speen
combined with the finding of no significant differences observed at the longer geé-tar
delays (160 ms).

Experiment 1 summar@verall, Experiment 1 hypotheses were largely
supported, as validity effect was significant in both the NECAT and the AICAY; onl
negative images, but not neutral images, produced significant validityseidlowing
both 80 ms and 160 ms mask durations; and valid cues significantly reduced RTs
compared to invalid cues overall for negative, but not neutral image cues, as well a
showing significant effects of negative vs. neutrally cued validity effaicthe short, but
not longer, mask duration. Further, a predicted difference between negativetsal, ne
valid cues across mask durations was not found, although a trend approaching

significance was observed for this comparison.
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Taken together, results from testing specific, predicted hypotheses support the
general idea of differential covert attentional cueing by negative emoimagéry in
comparison to emotionally neutral imagery. The overall pattern also points¢o m
salient negative emotional cueing at shorter rather than longer delayehetuwes and
targets, perhaps suggesting an automaticity or rapid cueing effediliofimal negative
emotion that is not present as the interval between cues and targets grows longer

Extended mask duration&lso possible is that differential effects of negative vs.
neutral emotional cueing at varying mask durations would best be measured with
different masking image times. That is, 80 versus 160 ms durations may not bg entirel
optimal values, although this timing was successful. It remains possible, Hesgtltieat
slightly differing mask durations would be optimal, with slightly longer tisigsh as 120
vs. 240 ms or slightly shorter times of 40 vs. 80ms, or other differing values. The point of
experiment 2, described next, was to attempt to better characterize suidnahwst
neutral cueing effects at somewhat longer durations.

The second experiment was somewhat successful in characterizing the time
intervals for subliminal covert attention cueing by negative emotion, though not for
measuring automatic mechanisms for emotional discrimination. It is ravtpriesently
why validity effects were not seen during the Experiment 2 NECAT, when thgsdela
between image cues and targets were extended from 80 vs. 160 ms to 160 vs. 320 ms. It
was thought that extending mask durations in Experiment 2 would be more suitable for
comparing neutral vs. negative emotional cueing by increasing delagdi@mhg
ample processing time. In fact, based on results across experiments gidl seeifithe

brain actually prefers to utilize negative emotional image cues in a rapothatic
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fashion. When measuring validity effects, shorter delays between emotiosa@nzlie
subsequent targets appears ideal. In other words, when making rapid dismiminat
decisions, especially in evaluating negative emotional information, curregtretudts
support the notion of very little time to process and respond to images as best. A
significant validity main effect in the AICAT but not NECAT may suggestiahental
effects less rapid discrimination between negative and neutral emotionasjrtamegh
the NECAT showed a trend toward a significant validity effect. A possilslitiyat the
effect would be significant with a greater sample size, or with a elffer more
motivated sample. For instance, it is possible that more motivated studentsigmgig s
during a particular semester, or at an earlier point different point in thestsenieis
always a possibility that participant behavior differed across theviosexperiments in
terms of effort, understanding of tasks, or other factors. Data was claaetyned to try
to exclude aberrant data points, however, and the apparent detrimental efféehdédx
cue-target delays was not seen within the Experiment 2 AICAT, perhaps simply
suggesting a different mechanism for animate-inanimate image disatiom at present
task timing.

Inhibition of return.A possibility that was considered for Experiment 2 is that the
phenomenon of inhibition of return (IOR) prevented validity effects during the NECAT.
An inhibition of return effect might be expected in a task with less emotionally or
motivationally salient stimuli, such as in the AICAT, but not with emotionallest
cues as in the NECAT. Essentially, in IOR visuospatial attention appears to#tigna
inhibited from reorienting attention to a location at which nothing significant has

happened. In previous research, inhibition of return is typically found for interesitegr
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than 300 milliseconds between an attentional cues and subsequent targets in the same

spatial location (Rafal, Calabresi, Brennan, & Sciolto,1989) and is found withrget-ta

intervals up to five seconds (Collie, Maruff, Yucel, Danckert, & Currie, 2000). Validl

cued targets actually produce slower response times than invalid cues, sggoesti

attentional bias in which attention is not returned as quickly to areas that have been

previously focused on visually. Implications of IOR include mechanisms fabligex

attentional processing, inhibitory control over largely automatic processes, way to

seek novel environmental stimuli with more methodical scanning and avoiding having to

orient attention incessantly to each novel stimulus at a particular locatical, (F&g6;

Rafal et al., 1989). An IOR effect was possible for the 320 ms delays in Experinreht 2 a

while IOR effects are not typically seen at delays as short as 160 msdhecher is

unaware of any studies examining IOR with subliminal cueing. However, when

examined more closely, no IOR pattern was seen in the Experiment 2 NECAidas va

cues did not produce longer RTs than invalid targets at either the 160 or 320 ms delays.
Negative cueing at longer delaysfurther difference based on extending mask

durations was no evidence of differential negative vs. neutral cueing for vgkdistat

either mask duration. Likewise, there was no evidence of differential vadidiegts for

negatively cued trials at either mask duration, as differential negativeutsalne

subliminal cueing did not happen with mask delays of either 160 or 320 ms. It is unclear

why differential validity effects for negative emotional cues at the 16Mask duration

were seen in the first experiment but not Experiment 2. The attempt to betteteteza

the effects of emotional cueing on spatial attention at longer delays was/sam

successful, as it again appears that subliminal covert attentional cuesngphign tends
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to rely on fast, automatic decisions as would be predicted by LeDoux (1998). No benefit
was observed at all in the second experiment of negative vs. neutral emotional
discrimination. Overall, it appears that extending the mask durations to 160 vs. 320 ms in
the second study interfered with or was not ideal for assessing emotional cueing.
Although the comparison of negative vs. neutrally cued valid targets, across mask
conditions, was not significant in Experiment 1, it at least approached sigodica
whereas it was clearly insignificant in Experiment 2. Whether the coropasisuld be
optimal at delays in between those used in Experiments 1 and 2, or at even shorter delays
than in Experiment 1, is not altogether apparent either.

No evidence was found for cueing by either negative or neutral images following
160 ms masks. This finding again differs from Experiment 1, which found highly
significant validity effects for negative emotional images at both 80 ms and 4 6task
durations, but not for neutral images. It is unclear, again, why there would be emotional
but not neutral cueing effects at 160 ms in Experiment 1 but not Experiment 2. To more
fully characterize the effects of negative vs. neutral cueing, validegtedifference
scores were used to test the effects of emotional valence on validitg effeet separate
dependent variable, at each level of mask duration. No significant effects of emotiona
valence at either mask duration was further evidence that greater andapidreffects
of negative emotional were not present in Experiment 2. Perhaps instead of mgcreasi
mask durations to 160 and 320 ms, a more appropriate and feasible alternative would
have been to test more incremental increases such as 120 vs. 200, or 160 vs. 240 ms.

Experiment 2 performance and arousatlditionally, a possible explanation for

the lack of significant findings in Experiment 2 is that the NECAT with exidnokesk
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durations slowed the overall task down and thus decreased the arousal required to

perform the faster-moving Experiment 1 task. As previous research deres§te,

Tucker & Williamson, 1984), brain mechanisms for affect and arousal can moidslate

performance. In fact, auditory arousal, which may be somewhat longeg|dsin

visual arousal, can last and impact task performance for as long as 12 seconds stubseque

to presentation (Whitehead, 1991). It seems to be a distinct possibility that tker-quic

moving, arousing NECAT in Experiment 1 increased and maintained arousal at a

constant level, leading to better utilization of negative vs. neutral disctionrfar

validity cues. It is also possible that Experiment 1 validity effects iNEE@AT were

due to a synergistic arousal effect due to interaction between negativeevahehtask

speed. Finally, Eysenck has suggested that recovery from arousal, such as due to the

negative valenced image cues, might occur after a delay (Eysenck, 1883)sat

possible that lack of validity effects in the second experiment could be due to a brain

mechanism allowing individuals to recover from highly arousing negative imagery
Experiment 2 summaryaken together, the hypotheses of Experiment 2 were not

supported, and extending mask durations out to 320 ms to better measure differential

neutral vs. negative emotional cueing did not succeed. In sum, a significant \rahdity

effect was found in the AICAT but not the NECAT; no evidence was seen for difference

in negative vs. neutral cueing for valid targets or differential negative wsahealidity

effects at either mask duration, or collapsed across mask durations; and no evatence w

seen for differential validity effects for negative vs. neutral imags,ceven when

analyzed with validity effect as a separate dependent variable. maebaim of

Experiment 2 was to further characterize the time period over which negattierem
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cues covert attention by presenting masking stimuli at these longer durhtitreg way,
the experiment was successful identifying that the more salient negatotenal cueing
at shorter delays between cues and targets in Experiment 1, were simplyene¢dlos
Experiment 2. Aforementioned results provide some additional evidence implicating
automatic or rapid cueing by subliminal negative emotional images, thasssnponly
for short delays around 80 ms between the image and target presentation. &hirefor
results of Experiment 2 did in fact build upon those from Experiment 1 and indeed
provided further characterization of time intervals of negative emotionaliatteht
cueing.

Positive emotional cueind unique feature of the third experiment was to build
upon the first two experiments and begin to characterize time intervals ovér whic
subliminal positive vs. neutral emotional cueing can occur. The same 160 vs. 320 ms cue-
target intervals were used for both Experiment 3 tasks. Importantly, preditithtyva
main effects were found in both the PECAT and AICAT, demonstrating that pamtgipa
were able to use both animate-inanimate and neutral-positive cue disaonsres
validity cues in the third experiment. Validity effects were found consigtaatoss all 3
experiments in the AICAT despite timing differences between Experimerd tha next
two. It appears that at the longer 160-320 ms delays used in this experiment,ridde neut
positive emotional discrimination with subliminal images was salient. Hawewe
evidence was seen for positive image cues being more effectiveratoatl cues
overall than neutral ones in the PECAT. Further, no evidence was observed for
differential cueing benefits by valid, positive vs. neutral images and tbe{@e greater

validity effects for positive vs. neutral image cues was also not found. Jrifet was
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no significant validity effect for positive images at all when analyzedieagently. No
difference between neutrally vs. positively cued validity effecestaer 160 or 320 ms
mask durations was seen, though a trend toward significance was seen at 320 ms.

Mask delay and positive cuest the task timing used for image cue-target delays,
although there was a main effect of Validity in the PECAT, there were noethifial
effects of positive vs. neutral valence and positive emotional cueing thereforet did
produce greater validity effects. Overall the basic premise of Exgeti& though more
tentative, was not supported and measure of covert attentional cueing diffdretvessn
positive and neutral imagery at 160 vs. 320 ms delays was mostly unsuccessful.lAll in al
in Experiment 3, no differences were seen between positive and neutral valenycecue
did validity effects differ for positive vs. neutrally image cues eveatyamg validity
effect as a dependent variable. Results do not support the overall notion that positive
images show more benefit as covert attention cues than do neutral images, atttlee
timing in the present experimental tasks.

Positive emotion and attentioRurther research is required to better characterize
the experimental parameters at which positive emotion is processed and cahtioe use
cue spatial attention. Myriad research studies have shown the automaticigpadity of
negative emotional processing, but the attentional benefits of positive emotiossare le
studied. It is possible that differential benefits of positive versus neugalgcoccurs at
either shorter, or longer, mask duration presentation times than used in the present
experiment. There are several explanations for potential beneficietisedfepositive
emotional processing, which have been proposed by Fredrickson (2009). Such benefits

might include attracting support and aid from others, although the case could be made
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that negative emotion might also serve this role. Other benefits of positive emagian mi
be to act as a buffer against the detriments of negative emotional states, ahd in fa
research has shown that certain positive emotional responses such as amusement or
contentment may counteract potentially dangerous cumulative physiolaggpahises to
negative emotional stimuli (Fredrickson, Mancuso, Branigan, & Tugade, 2000). While
impacts of positive emotional states may indeed be important, such eféeatdikely to
be detected in the current experimental procedures and would not be manifested at such
short time durations. Furthermore, it remains unclear whether positive emotion, even if
adaptive to functioning, is processed rapidly by the brain. Certain attentiowdit®e
have actually been found in regard to positive emotion. Fredrickson & Branigan (2005),
for example, found benefits of positive emotion in terms of an attentional or cognitive
broadening effect, in which one’s cognition is widened to consider a larger range of
behavioral options in response to positive emotion. This finding is in contrast to negative
emotions, which seem to narrow or restrict one’s behaviors, in the clagsicdfiflight”
scenario. Cognitive and attentional broadening may become even more advantageous
over time by increasing one’s available coping resources in the face cérpailal
situations (Fredrickson, 2009).

Experiment 3 summaryhe present study suggests that subliminal positive-
valenced cues are not processed in an entirely different manner from erhotienéial
cues in a covert attention paradigm, and that the benefits of positive emotion oarattent
might be slower-acting. The positive image-cues are definitely not effective for
covert attention compared to neutral cues when presented below consciousness in this

task design. However, the positive images were being processed subjimandhiitilized
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in general, as significant validity effects in the PECAT were observedapefuture
research will further explore such issues, and incorporate paradigmsstes awre
immediate consequences of positive emotional processing, or combine negative and
positive emotional cueing in order to measure whether positive emotion does indeed
buffer or cancel out the effects of negative emotion.
Supplemental Mood Effects on Task Performance

Overall Negative Emotion Cued Attention Task (NECAT) and Positive Emotion
Cued Attention Task (PECAT) performance was specifically hypothesZee t
influenced by the presence of anxiety and/or depression symptoms, prith@rily the
emotional content of task images and the required emotional discriminatiorebetwe
neutral and either positive or negative image valence for effective tasknpanioe.

NECAT and moodepression did lead to slower overall responses in task
performance, and a trend toward response time speeding by anxiety symptoms wa
observed. Although a main effect was not found, anxiety symptomatology was found to
interact with validity and valence factors, with follow-up mixed model AN and
pairwise comparisons showing that the anxious group showed a large bias to negative-
valenced subliminal cues as measured by validity effects. This is in ¢dotths non-
anxious group, which showed significantly smaller validity effects fortihegeaues and
also showed validity effects for neutral cues while the anxious group did not. It is
possible that this effect is evidence for the tendency of anxious individuals ta base
existing high threshold for stimulation, or a fine-tuned filter for negative iemadt

stimuli, so that only subliminal negative cues but not neutral cues are able tazled util



127

for validity effects. Attention bias has been shown in various research stigdies, a
evidenced for both anxious and depressed individuals.

In experiment 2, there were no main effects of anxiety or depressive sysiptom
mixed regression or mixed ANOVA analyses using anxiety and depression as
dichotomous variables. Anxiety interacted significantly with mask duratidratso
interacted with validity x valence. In follow-up analyses, both anxiety grelupsed RT
benefits from longer cue-target delays but the group high in anxiety showedessich |
overall benefit compared to those low in anxiety. Although not strong support for
attention bias in anxiety, it does demonstrate some evidence that individualaxigtly a
do not require long durations for emotional discrimination. However, the large main
effect of mask duration seems to have largely driven the significant inb@saof mask
duration with both anxiety and depression since the effects were seen acioggegfl
and depression groups. In addition, depression showed a trend toward significantly
interacting with validity and may have been significant with larger sagipés, as only
44 total participants in Experiment 2 had complete BDI, BAI, and performance data.
Another possibility that might have increased effects of anxiety or depnessi
emotional task performance was to use actual clinical patients ingbercé rather than
subclinical analog samples.

Attention bias and moodhe literature is abundant with examples of research
demonstrating various attentional biases to negative emotional informaticeviéwed
elsewhere in this document, MacLeod and colleagues (1986) have shown bias to
threatening words in dot probe tasks, especially for individuals with depression or

anxiety. Likewise, Mogg et al. (1995) found individuals with such disorders as anxiety or
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depression to show bias to words related to one’s disorder, in tasks presenting such word
stimuli both above and below consciousness. The current study tasks and paradigm
seemed ideal to examine mood influences on attentional bias, especially witretvidgg
(1995) and others showing predisposition of anxious individuals to pre-conscious
attentional biases to negative emotional information. Attention bias to negative or
anxiety-related information is shown in a variety of anxiety disorders ihsnetuding
panic disorder, phobias, and even high state anxiety (Brosschot, de Ruiter, & Kindt,
1999; Lundh, Wikstrom, Westerland, & Ost, 1999; Nunn, Mathews, & Trower, 1997).
Likewise, negative attention bias is also found in depressed patients, and for words
describing depression and negative traits after negative mood induction (Braalley et
1993; Bradley, Mogg, & Lee, 1997).

Therefore, individuals with high levels of anxiety were expected to respond more
quickly in the NECAT in Experiments 1 and 2 while effects on the PECAT were
exploratory in nature. The influence of anxiety on attentional cueing by soalim
positive emotional stimuli has much less existing literature devoted todhg st
Depression, likewise, has been discussed in terms of relation to greaigpgsiidn to
noticing and exhibiting attention bias to negative emotional stimuli. Thoseirgpbigh
levels of depression were expected to perform the NECAT significantlgshive to
being distracted and hindered by negative emotional imagery. A few studies have
examined differences in attentional processing biases for anxious versessdepr
individuals (i.e., Mineka & Gilboa, 1998). From Lang’s perspective, a person in an
anxious state may be acting in accordance with motivation to protect oneself from

dangerous or threatening stimuli. Perhaps individuals with depression are alsbngote
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themselves, from stimuli that could worsen mood, cause rumination, or lead to suicidal
ideation for instance, and thus are poor at recognizing and responding quickly teenegat
emotional cues.

Previous research has shown subliminal negative priming by negativevaffect
words to relate more to depression than anxiety (Bradley et al., 1994) and suggests
evidence for negative automatic processing bias and possibly emotional probessing
in general. In a large metaanalysis, it was also concluded that anxiouduatb\seem to
show a bias at multiple levels of attentional processing: automaticaliyepi
information as threatening, using excess cognitive resources to only mdtstbreo
mild threats perceived as high threats, and inability to consciously countesct s
automatic tendencies (Bar-Haim, Lamy, Pergamin, Bakermans-Krané&buag,
ljizendoorn, 2007).

PECAT and moodn Experiment 3, mixed regression showed expected main
effects of mask duration and validity and interestingly, a significant maict efffe
depression on PECAT performance. Depression but not anxiety impacted perfoonanc
the positive-neutral subliminal image discrimination, and neither anxiety narsseqn
interacted with other PECAT factors. Less research literature semmted to the effect
of depression or anxiety on attention bias to or away from positive emotional
information. The experiment PECAT was less than successful measurare rail
effects of anxiety or depressive symptoms on emotional modulation of coverbattent
Such effects on positive emotional cueing would perhaps would be better measured at
differing time durations of task stimuli, but such effects have not been wedlotbiazed

in previous studies. Research has shown certain mood states or personalgydactor
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affect attention to positive emotional cueing, such as extraverts showiagsasrin
attentional indices including P300 amplitude to positive and negative words used as
covert attention cues (Pascalis & Speranza, 2000). Similarly, extrésmadtso show
attentional bias in covert attention tasks for locations that are rewardesl, pdiiie on
the other hand introverts show difficulty disengaging attention from locations whreh we
punished (Derryberry & Reed, 1994) and also tend to benefit less from validly cued
targets (Cloninger, 1998).

Mood summarytHence, research literature suggests mood state and personality
impacts covert attentional performance, but few if any studies have atetopxamine
and explain how depressive symptoms might impact covert attention. Even less is known
about the impact of depression on subliminally cued covert attention performance, but the

present experiment is a first step toward characterizing such effects

General Discussion

There were several findings in the present studies which add to the research
literature on automatic emotional processing and its effects on spurdlat. In
addition, several findings are consistent with proposed hypotheses and witigexisti
research that found effects of both supraliminal and subliminally-presentdisbeah
stimuli on spatial attention (e.g., Mogg et al., 1995). While the results weremsistent
across all 3 experiments, the design of Experiment 1 versus Experiment 2 anced diffe
slightly in terms of task timing, which may partially explain the inconsistefiso,
Experiment 3 studied positive emotional cueing, and therefore hypotheses were
somewhat tentative and exploratory. The current experiments attemfitstigbow that

negative emotional imagery, when utilized as covert attentional cues, wereffecte
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than neutral cues, especially at short response times when presented supliSucall
findings would indicate that negative images are able to be processed much kiye qui
and automatically in the brain, assumedly as an adaptive response which woalskincre
chances of survival. The examination of covert cueing effects of positive enhotiona
images was more exploratory and less definitive, but the inclusion of an expteiome
explore the cueing effects of subliminal positive emotional cues allowed tleaicstudy

to compare and contrast the neural processing of negative and positive emotional
valenced image cues. Implications of the collective results across alkettiperiments

are discussed in the ensuing section.

Validity effectsThe first important overall finding was that imagery could be
processed rapidly and utilized as spatial attention cues in a covert attaskipevien
when presented subliminally. The fact that significant validity effects wiaserved in
the first experiment and subliminal covert attention cues produced such effects is
important in and of itself, regarding how quickly and automatically emotional
information was processed and utilized. Moreover, the finding of significant validity
effects in the AICAT shows that the NECAT validity effects are not duelmner the
stimulating effects of an emotional decision or the arousing nature of théveegat
imagery. Clearly, however, positive and negative emotional information is peddess
much different manner, as several results suggested that subliminal negativenal
cues images differentially affect automatic, rapid covert attentousang.

Time duration and emotional cueingn interesting aspect of the findings was
that significant validity effects were found in the NECAT in Experimentiih(80 ms

versus 160 ms mask durations) but not in Experiment 2 (160 vs. 320 ms mask durations),
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which may indicate that shorter delays between negative attentionaraiésrgets may
be ideal to measure validity effects. In fact, it seems from the redultis first two
experiments that negative emotional cues are best utilized and processed wlhigfevery
(80 to 160 ms or less) or no delay is presented between attentional cues and targets.
However, significant validity effects were found in the PECAT in ExperimenttB,tihe
same stimulus presentations as the NECAT in Experiment 2. Measuringgositi
attentional cueing may then require longer delays than for negative cueing. A few
instances of differential influence of emotional vs. neutral subliminal ingagecovert
attentional cueing were in fact demonstrated in the current project.

It is not a new or original discovery that stimuli, emotional or otherwise,
presented below the level of conscious awareness can be processed at d@nd leve
even influence subsequent actions. Similar phenomena have been examined and are
discussed thoroughly elsewhere in this document, but to the author’s knowledge this is
the first demonstration of utilization of subliminal emotional imagery asrtove
attentional cues. Overall results lend some support for attentional mech#msmisow
emotional cues to be processed quickly and automatically, as might be predicted by
LeDoux (1998) or others. Other research points to such findings as affectiveneacti
without conscious subjective feeling as evidence for subliminal emotionakpnogeand
its regulation by more primitive brain networks (i.e., Winkielman & Begjdtp04).
Various research in addition to the present study also find a modulation of spatial
attention by subliminal cues, including fearful faces (Fox, 2002), and other measures
such as galvanic skin responses show an effect of subliminal fear cues (Ohman, 2005)

Bodies of research have also revealed how motivated stimuli based on drive states,
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including emotion, are attended to and how emotion can be processed rapidly based on
specialized brain pathways (Lang, 2000; Lang et al., 1997; LeDoux, 1996).

A possibility that may be occurring is that when delays are very short,d0oms
to 160 ms, then emotional cueing is automatic and rapid; however, when delays are
stretched longer to 320 ms, then the heightened arousal may also lead to emotional
distraction and eliminate any benefits of the emotional cueing, esbentaling the
effects no different than neutral cues. Whether this can occur with sublimimnal csie
debatable, but the fact that validity effects were found in Experiment 1, and in
Experiment 3 with positive cues, does point to the fact that the subliminal images are
being processed though not perceived.

Another possibility is that extending delays el@mgerthan 320 ms would allow
recovery from any potential emotional distraction. Although it was not assestbed |
current experiments, it is possible that at the longer delays of 320 ms, thatdtieeneg
emotional cues especially become distracting due to more time to processitte
emotional information. This could potentially explain the lack of validity effiects
Experiment 2, which may not occur for positive emotional images and would explain
Experiment 3 validity effects in the PECAT. As discussed by Eysenck (1982)gamon
others, one may become susceptible to attentional distraction during emotional arous
and thus not utilize the covert attentional cues as readily. Eysenck also saggests
mechanism to recover from performance deficits due to high arousal, which couldl lead t
re-established validity effects at delays even longer than 320 ms. Preveiagelsearch
(Hammersley, 2002) found similar results, in which attentional recovergeesfor

lateralized covert attention image-cues at long delays gréare500 ms.
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Implications.Taking findings of selective attentional processing of emotional
cues in this and other studies, it seems possible that both over-focus on or greater
tendency to process negative emotional environmental cues in addition to a lack of
attention to positive emotional stimuli might be factors in certain psychanditions
such as depression or various forms of anxiety disorders. As Fredrickson (2009) suggests
perhaps one needs to learn to better rely on and experience positive emotionial states
order to function in a psychologically healthy manner and be well-adjusted, asd a fi
step may be ability to automatically focus on and process positive emotionaiaftifor.
While a plethora of research has shown that negative mood states relateatseincre
attention to and processing of negative emotional information, less focus has been
devoted to attentional mechanisms in relation to positive emotional cues. It could be that
overactive quick, automatic processing of negative information is related toyanxiet
disorders while more slow-acting focus on negative information more rédates
depression.

Overall summaryln sum, a number of findings in the current study add to the
growing literature demonstrating that emotional cues are processed anidt@od
attention in a different manner than less salient neutral ones. In the firatexte
overall validity effects in both tasks but only following negative image cuesthtmask
durations, as well as only valid negative cues but not valid neutral cues reducing RTSs,
provide support for such a claim. Further, significant differences in negatinewtsal
valid image cues at the shorter but not longer mask delay as well as a trendrapgroac
significance for overall negative vs. neutral cueing differences furtiggiest differential

effects of emotional cues on attention. Indeed, this agrees with resesrchsti@ting
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that unconscious processing of fear expressions is sufficient to activaraygdala in
fMRI (Whalen, Rauch, Etcoff, Mclnerney, Lee & Jenike, 1998) and other structures
including the amygdala, anterior cingulate cortex, superior colliculus, ansl loc
coeruleus (Liddell, Brown, Kemp, Barton, Das, Peduto, et al., 2005). Liddell and
colleagues describe these structures as possibly involved in an automaticfesk met
the brain which may also modulate attentional mechanisms. The present stouely furt
attempts to characterize such attentional mechanisms that are modulatgdtbsene
valenced cues, and perhaps overall emotion in general. Though emotional cues were not
observed as differentially affecting covert attention in Experiment 2 tsesldw time
durations of subliminal emotional cueing to be further characterized and future tasks
examining subliminal cueing to be honed. Ideal task timing to measure sublioeiad c
by negative emotion is apparently at or close to that used in Experiment 1. Likewise,
Experiment 3 was largely unsuccessful in measuring covert attenticag day positive
imagery, other than overall validity effects in the PECAT; however, agaia thsslts
may suggest different timing to be used in future tasks incorporating positive@eahoti
image cues.

The association of emotion and cognition has been discussed since the days of
Plato, as certain aspects of emotion were seen by Plato as intenfghmgtional
thought, and philosophers have discussed distinguishing between such concepts as
cognition and reason, judgment, and emotion or affect (as reviewed by Fox, 2008).
Myriad research studies confirm the finding of selective or biased atigotfearful or
angry facial expressions (Cooper & Langton, 2006; Fox, 2002; Mogg & Bradley, 2002),

even when only viewing just the eyes expressing fear (Fox & Damjanovic, 2006). The
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effects of such fearful stimuli as snakes, spiders, and needles on visual attensilzo a
well- demonstrated (Beaver, Mogg, & Bradley, 2005; Blanchette, 2006;0hman, Flykt, &
Esteves, 2001).

Moreover, negative and positive emotional imagery have been shown to be
processed by and attended to differently depending upon mood state, including
individuals with disorders such as depression or anxiety (i.e., Bradley et al., 1994y. It
be that individuals with anxiety or depression differ in their ability to not only psoce
emotional image cues rapidly and subliminally, but to differentially bemefit fuch
cues. In fact, some support was seen for this in the present study. The results of
Experiment 1 largely agree with this premise, and the timing used in thainespewas
clearly best for examining emotion/attention relationships in those repartxigty or
depressive symptoms. Evidence for depressive symptoms impacting task peréorman
and a trend for impact by anxiety were seen in Experiment 1, as well as evidenc
differential negative cue utilization by more anxious individuals. Less suppsrseen
for the impact of anxiety or depressive symptoms on emotional cueing; howewer, thi
does suggest that the effects of anxiety and depression, the interactions between
symptoms of each, and potential differences between effects of these diaceders
perhaps measured at shorter durations between image cues and targets. Such future

directions are suggested based on the results of the second two experimerits as wel
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CHAPTER 5
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Methodological Limitations and Future Directions

Nearly as many questions as answers have arisen from the currenoterie
experiments. A number of methodological limitations to be addressed, andodsenti
which future research could proceed, were suggested. The present arearchries
general is planned to be continued, incorporating some of the below areas.

Task TimingFirst, the timing within the tasks across three experiments may not
have been ideal, as has been noted previously. Upon analyzing preliminary results f
Experiment 1, certain measured differences between neutral and negatjeecues
appeared nearly significant at the longer mask duration (160 ms) but not at the shorter
duration (80 ms). The mask presentation times were extended in Experiment 2 to make
the shorter duration 160 ms and the longer duration 320 ms. In retrospect, it seems that
somewhere in between the mask presentation times of Experiment 1 and Experiment 2
may be more ideal, such as 120 ms versus 240 ms.

Additional basic research should further characterize time periods of both
negative and positive emotional cueing in covert attention and other paradigms. Perhaps
instead of increasing mask durations to 160 and 320 ms, a more appropriate and feasible
alternative would have been to test more incremental increases such as 120 vs. 200, or
160 vs. 240 ms. Varying levels of mask conditions used in the pilot study were not
implemented in the experiments in order to increase power. However, now thégat is c
that covert attentional cueing by subliminal emotional images can occult,bewi

important to better assess the time periods over which this emotional cueing &.optim



138

Another study that includes 3 or even 4 different levels of mask durations in one task to
assess the optimal presentation times would be helpful. Shortening delaysrbetwe
negative image cues and targets, perhaps to as short as 40 ms, might berieasibte i
to study just how rapidly negative emotional cueing is processed and utilizetrigimi
it might be feasible and productive to increase the time durations betweeveposi
images and targets even further — perhaps to even as long as 600 or 800 ms.

Subliminal vs. supraliminal cueinyloreover, the present study focused only on
subliminal emotional cueing for covert attention across three experimedtadéditional
research should focus on not just subliminal but also supraliminal emotional cueing in
visual attention tasks. It would be interesting, and informative, to examine hatweeg
and positive emotional information is processed both above and below awareness.
Clearly information is processed differently for subliminal as opposed tolisoipia
stimuli. In fact, processing differences have been demonstrated nelbyrafigearch
showing supraliminally-presented fear information is processed more tgptinzan
subliminal fear stimuli (Ohman, 2005), although both also involve activation of structures
such as the amygdala. Another difference seen between subliminal and supraliminal
emotional processing is seen in positron emission tomography, as subliminal fear
information appears to travel to the right amygdala via a different pathway than
supraliminal fear and only unilaterally (Morris, Ohman, & Dolan, 1999).

Moreover, no specific evaluation was done during experimental procedures to
check whether the image cues were indeed subliminally presented, althowgasthis
tested during the piloting phase of computerized tasks. The possibility remains

nonetheless that certain images were able to be perceived supraliminsdiyney
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participants and that the processing of such images reached conscious @whrenes
future research examining the effects of subliminally-presented iowsgeon attention,
some measures should be instituted in order to ensure processing of such stimuli occurs
below awareness. A simple memory task asking which images were seerskoina ta
which a random sample of images are presented subliminally and participaagkeate
how aware they are of the content, could be included. If any images were able to be
perceived consciously, this would obviously affect the interpretation of sebaked on
the differences discussed above between subliminal and supraliminal imageipgocess
Screening criteriaAnother potential limitation to consider is lack of screening
and no exclusion criteria for reported or measured recreational or priescdptg use.
As commonly found in research largely utilizing undergraduate populations and studies
which did screen for such drug use (i.e. Gilbert et al., 2005), recreational marijeana us
among other drug use was fairly commonly reported in addition to common psychoactive
substances such as nicotine or caffeine. Even use of nicotine and caffeine was not
screened for, and these among other common substances with psychotropidfeffects
used just prior to the start of an experimental session, could obviously impact attentiona
performance. Other medications with known psychotropic effects, including some
specifically targeting attention (i.e., Ritalin), may well be used bycppsn or
recreationally by college students regularly.
Indirect behavioral measurememurther, conclusions of the current study are
based on indirect measurements of such principles as attentional cueing or dmotiona
processing by brain pathways. For this reason, eye-tracking data or fuhigti®ina

combination with behavioral measures allow researchers to see precisely wha
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happening and which neural pathways are activated during image-cue presentation and
subsequent responses to targets. Measuring the effects of drugs on attenéimggand
emotional processing through similar paradigms to the current project may begtigte
informative as well, since it could provide additional indices by which to measug
cravings, recovery from mood disorders or anxiety, or improvement in attentional
processing by ADHD treatments.

Image exposuréne facet of emotional/attentional interactions not considered in
the present study is the effects of continued exposure to emotional cues, such as
presenting negative images in large blocks and measuring whether their ftuenc
attention in paradigms such as the PCAT continues to increase or if individuasl inste
gradually habituate to such images. Previous research has shown that avousal fr
auditory stimuli can produce an increase of attention that can last for up to 12 seconds
(Whitehead, 1991). Therefore, the biased attention seen in the current study to negative
and positive stimuli delay may last for an extended time, especiallyaafleck of
several emotional images in a row.

Valence categorieginother potential limitation is that different categories within
each valence were included, allowing for potential artifacts when intexgptae results
of valence. For example, different types of images included human faceslsanima
common objects, and scenery, and therefore it is somewhat difficult to know whether the
effects of neutral image valence were due to facial processing or tlesgrgrof
complex or interesting features within the images. Novel stimuli nsayiatrease
cortical activation and draw attention (Milner, 1999), which may partially acdount

some of the effects seen for image cues in the present study. More thiteatgthauli
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are needed in future studies in order to better evaluate the impact of fear-basedtiaut
emotional cueing in attentional paradigms. Although the present study used normed
emotional images from the IAPS sets, the stimuli were chosen based wvéralr
negative valence ratings, and thus included a broad range of image subcategories
including disgust-related, sad facial expression, and other negative stimeedimg

with LeDoux’s original fear processing brain network, fear-inducingutithat are
perceived as threatening or dangerous would be more ideal. The present@xserim
focused on subliminal processing and automatic attentional cueing, but future studies
might use video clips to examine mood induction and its effect on attentional cueing in
attention tasks such as the Posner covert attention paradigm. It would also beavorthy
examine differences in emotional cueing of attention between various subtypes o
negative emotional imagery — i.e., disgust, sadness, threat, and disfigurationiesteg
among others.

Focus on positive emotioMet another facet that emerged as a result of the present
study is the lack of focus on the potential benefit of positive emotion on cognition,
attention, or other processes. Some authors have criticized various areahologgsy
due to their lack of focus on positive emotional processing, or an overabundance of the
study and discussion of negative emotions. Criticism has been aimed at such waell-know
psychological theories as Kubler-Ross’s (1969) stages one goes through ingéspons
dying as being overly negative-emotion based (Dutton & Zisook, 2005), for example.
Textbooks and methods used to teach psychology have sometimes been criticidzed as we
for being overly based on negative emotions and the differences between normal and

abnormal functioning (Seligman, 2002). As noted previously, potential benefits of
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increasing focus on or processing of positive emotion may range from attéatdna
cognitive broadening effects (Fredrickson & Branigan, 2005) to attraaithgnd support
from others or buffering against potentially harmful negative emotion (Frednicks
2009). Moreover, Seligman, Rashid & Parks (2006) have found benefits of focusing on
positive emotions as a component of therapeutic intervention and found exercises
targeting an increase in positive emotion to be successful in treatingsiepres
symptoms. It is unclear that increased attention to positive emotion is\edfectind of
itself in treatment of depression, but the fact that it is a successful compopéas ia
need for further research into focusing attention less on negative emotiea- zlas
and more onto positive cues.

The present research study incorporated positive emotional cues into Exypperime
3 and found no overall differential benefits in positive versus neutral emotional covert
attention cues. However, it was designed to measure immediate, autaeational
cueing when such positive images were presented subliminally and not longjagran
benefits or buffering of negative emotions. As mentioned earlier, one defi@ittiain
needing more research is the development of paradigms that assess imyragthatatic
consequences of positive emotional processing, or that utilize a combination negative a
positive emotional cueing in order to measure whether positive emotion does indeed
buffer or cancel out the effects of negative emotion.

Mood and pathologyFinally, the present study examined how mood state, as
measured by anxiety and depression inventories, influences subliminal ctardrbat
cueing by emotional versus neutral images. It would be interesting torexaow the

emotional discrimination required to perform the tasks is influenced by persarality
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individual differences, or by conditions such as Attention Deficit Hyperagidigorder
(ADHD). It might be that those with symptoms of ADHD could perform tasks rieguir
emotional discrimination between negative or positive and neutral stimuli, suckhas i
NECAT or PECAT, but have more trouble performing tasks with all neutral stimiii suc
as the AICAT. It could be a potential paradigm for evaluating automatic, below
awareness mechanisms that are not readily apparent but could be involved in the
maintenance or development of mood and attentional disorders. Other potential
implications of automatic attentional cueing might be to examine diffesdmetween
anxiety and depression, or between specific subtypes of psychiatric disarderss
paranoid versus disorganized schizophrenia. Such research might prove useful in
examining predisposition to mental iliness or factors in comorbidity of nartantal
illnesses. Examining neurocognition and delusional severity in schizophrenia, for
example, was able to predict comorbidity of schizophrenia with social anxietgKey

& Hammersley, 2006), and might even have utilization in predicting outcomes and
prognosis or identifying preliminary warning signs of mental illnesfadh a recently
growing area in psychiatric medication is aimed towards improving iattehtind
cognitive functioning in schizophrenia in addition to reducing psychotic symptoms.
Future research should certainly examine automatic attentional cueirtg brastional
information in clinical populations, and not just college students based on depression and
anxiety screeners. The scores tended to be skewed toward the low end of the
symptomatology spectrum, and might explain some of the lack of consistent findings
the effects of anxiety and depression in the present study. Implications afreahot

processing and its association with attention might help to better understand ang devel
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therapies to improve emotional and attentional disruptions or factors in the magaena
or development of psychiatric disorders.

Laterality. The current study did not assess participants for handedness, and thus a
serious examination of lateralized effects of emotional cueing could not be cahduct
Future research should definitely screen individuals for hand dominance in order to make
conclusions about whether central or lateral presentation of image cueddras i
effects on targets in a particular visual field. Several prior lines cirgssuggest that
covert attentional processing is shown to be lateralized (i.e., Goolkasiara&tihar
1999), especially if the stimuli or distracters being presented are peliphesraossible
that emotional cueing in the present tasks would show lateralized effecesralization
could be an explanation for certain task findings as well.

Final Conclusions

The present overarching study goal of examining relationships between
attentional cueing and emotional imagery processing by the brain, as wedcdis
study goals investigating emotional discrimination within adapted coventiatte
paradigms were moderately successful. Timing to be used to measure thetseaeff to
examine influence of current mood states is better characterized and moré¢ooadess
a result of the present study. Clearly, negative or emotional imagencessged and
affects covert attention differently compared to neutral imagery atdeakort delays
between subliminal cues and targets. Future research will continue to shed ligase
important issues. The current paradigm of using an adapted, image-cue version of

Posner’s covert attention task will continue to be utilized.
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