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Abstract
Accuracy at identifying or detecting a second-target (T2) is reduced if presented within
approximately 500 ms of the first target (TI) - an attentional blink (AB). Affect has
previously been shown to influence the magnitude of the AB such that positive affect
(PA) is associated with smaller ABs. To account for these findings, Olivers and
Nieuwenhuis (2005) proposed an overinvestment hypothesis where PA was said to
reduce overinvestment of attentional resources in TI and distractors, leaving more
resources for T2. In the present study, P3, CNV, and average activation on distracter-only
trials were used to measure attentional investment. The goal was to investigate whether
these electrophysiological measures mediated the relationship between self-reported
affect and the AB. Results demonstrated that investment of attentional resources was not
associated with self-reported affect, or AB magnitude. However, self-report measures of
affect, personality and electrophysiological measures of investment did follow some
predictions derived from the overinvestment hypothesis.
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Organizational Note
The first four sections in this Introduction cover the background necessary to
approach the rationale and design of the current study. The first section, "Attention",
addresses how attention is conceptualized and reviews several theories about the
processes and mechanisms that may be involved. The general conclusion of the first
section is that attention is required so that stimuli can be selected for processing and
awareness; however, attention is costly cognitively, resulting in competition amongst
stimuli, competition that is influenced by various states both of the attentional system and
of the stimuli themselves. The second section, "Attentional Blink", introduces the
attentional blink (AB) phenomenon which is the focus of the current study. The section
also discusses various theories put forward to explain this phenomenon, with the general
conclusion that while the theories may differ, they agree that some higher level of
processing necessary for correct performance is subject to dual-task costs which elicit the
AB. The third section, "Affect and Attention", discusses how affective states have been
shown to influence attentional performance on various tasks, including the AB, as well as
evidence that self-reported trait affect can predict individual differences in the AB
(MacLean, Arnell, & Busseri, provisionally accepted). A theory of overinvestment of
attention is discussed. The fourth section, "Electrophysiology and the Attentional Blink",
discusses several electrophysiological measures that have been used previously to
investigate the cognitive processes underlying the AB, as well as proposing a new
measure that may be used to investigate the idea of investment of attention. The final
section of the Introduction introduces the current study that integrates the investigation of
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affect and attention, specifically the AB, with physiological measures that may provide
evidence for how affective states influence attentional processes.

3

An Electrophysiological Investigation into the Influence of Affect on the Attentional
Blink
Attention

Introduction
Humans are aware of only a small fraction of the massive amount of information
accessible to them at any given moment. Broadbent (1958) showed that an increase in
information presented to an individual did not correspond to an increase in the amount of
information consciously perceived by the individual. This implied that humans have a
limited capacity for information at one or more stages of processing. Selection of the
most relevant information, and exclusion of irrelevant information, is advantageous for
goal-directed control of behaviour. For example, when driving a car, performance is
optimized when an individual selectively focuses on the traffic and driving cues around
them, while ignoring task irrelevant information such as an interesting billboard, or the
conversation in the back seat. There are several different conceptualizations of the nature
of attention and how information is selected to receive attention. Some models propose
that attention is a filter that selectively allows some information to continue to awareness
while filtering the rest out prior to awareness. Even within filter models, there are
different theories specifying the location of the filter in the information processing
stream. For example, early selection models propose that the filter operates exclusively
on physical properties of the stimulus. In contrast, late selection models propose that the
filter can also operate on the basis of semantic information.

Early Selection Models
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Broadbent (1958) proposed an early selection filter model of attention based on
evidence from binaurally (same two auditory streams to both ears) and dichotically
(different auditory stream presented to each ear) presented auditory streams. The model
proposed that processing of physical (perceptual) features occurs automatically, and
effortlessly, in parallel across a stimulus array. The filter selects information for attention
and awareness based on the resulting perceptual information, but cannot filter based on
semantic information which occurs at a later stage. Thus, in an early selection model such
as Broadbent's, the filter has a fixed location in the information processing stream, and
this location is prior to semantic processing of the information, such that the meaning of
information cannot be used to guide selection.
Evidence for the early selection model of attention was found when listeners were
given two incoming auditory streams of information and were asked to shadow (report
back) the content of one of the streams (Broadbent, 1958; Cherry, 1953). Binaural
streams led to poor shadowing performance, but dichotic presentations led to good
shadowing performance given that participants could use the physical characteristic of
ear (location) to separate the messages. Similarly, ifthe listener was given a physical
dimension (e.g., pitch, pacing, and loudness) for selecting one of the streams during
binaural presentation, shadowing performance was good. However, when participants
were given a semantic dimension (certain topic or certain language) then shadowing
performance was poor as the two messages could not be effectively pulled apart.
Other evidence also seemed to indicate that the filter operated on perceptual
information exclusively. Cherry (1953) showed that individuals had no recollection of
semantic content from the irrelevant stream, or ability to recognize a change in language
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of the irrelevant stream, when two streams were presented dichotically. The only
information from the ignored stream that listeners could report were dramatic physical
changes such as change in pitch (from male to female) and reversing the tape. So, it
appeared that the filter operated before semantic information was available.
Late Selection Models

There is, however, evidence that suggests that the filter does have access to, and
can use, semantics to select information for awareness, although the individual may not
often be aware of that semantic information, and therefore not be able to report it (as seen
in Broadbent's and Cherry's studies). For example, Corteen and Wood (1972)
conditioned participants with shocks to neutral stimuli (city names). In a later dichotic
listening task participants were asked to shadow a passage of prose presented in one ear
while ignoring the different auditory stream presented in the other. The irrelevant
auditory stream contained city names, to which the participants had been conditioned,
presented infrequently among neutral words. Although participants reported no
awareness of the city names, there was an increased autonomic response (galvanic skin
response) time-locked to the presentation of city names compared to the neutral, nonconditioned words. This indicates that while the participants were able to select the
relevant stream (requiring them to filter out the irrelevant one), the filter would have to
occur at a later stage than semantic processing in order for an increased autonomic
response to occur.
Moray (1959) and Wood and Cowan (1995) both demonstrated that some
unattended information can capture attention based on semantic content, specifically
one's own name. In both studies, approximately one third of participants reported hearing
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their own name presented in the unattended ear. Wood and Cowan also demonstrated that
participants did not hear names that were not their own, and did not report hearing their
own name when absent in the unattended stream. What they did find was an increase in
shadowing errors and delays for the item in the attended stream presented synchronously
with their own name, and for the two items that followed as well. This provides further
evidence for late selection, as one's own name presented in the unattended ear would
have to achieve semantic processing in order to capture attention.
Deutsch and Deutsch's (1963) discriminatory weighting system is a late selection
filter model of attention that accounts for the behavioural and physiological evidence
indicating that semantics can be processed prior to filtering items for further processing
or discard. A central selection system would have afferent and efferent connections to all
perceptual, cognitive and sensory-motor systems and would have access to semantic
activations. The selection criterion for information is a threshold determined by the most
heavily weighted afferent signal. If at any point a signal associated with a piece of
information is below that level, it is not forwarded for further processing, and is neither
consciously perceived nor acted upon. Only information with signals at or above this
threshold will be processed. Should there be an afferent signal with a higher level than
the current one employed by the selection system, then that signal, and consequently that
information, overrides all others. For example, if a listener were required to attend to one
auditory stream while ignoring the other, the attended stream would set the current
threshold. If an individual's name were inserted into the irrelevant stream, its stronger
signal would override the current level and attention would switch from the relevant to
irrelevant stream. Because the filter has access to semantics, and can use semantic
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activation as a guide for what to filter, this is a late selection model that can readily
explain how semantic information can be used to guide attention. However, in this model
the filter location is fixed after semantics, therefore the Deutsch and Deutsch model
cannot explain why sometimes semantic information cannot be used to guide attention (as
in the Cherry and Broadbent studies reported above).

Flexible Selection Models
There is evidence to suggest that the filter can be early or late, and that this may
depend on the stimuli and task demands. Johnston and Heinz (1979) suggested that the
filter location is flexible and it can be moved earlier (prior to semantics) or later (after
semantics) in the processing stream depending on the nature of the task and stimuli. Their
results indicate that the depth of non-target processing is limited when non-targets are
easily discriminated from target information on the basis of perceptual information alone.
When target and non-target information is difficult to discriminate, the depth of nontarget information increases. This evidence suggests that the selection mechanism is
flexible rather than fixed, and changes to accommodate the requirements of the task.
Resource models of selective attention suggest the same thing, but conceptualize the
mechanism as a limited pool of processing resources rather than a filter.
Kahneman (1970) proposed a resource-limited model of attention. Resource
models of attention propose that there is a fixed pool of attention, that attention can be
given to a single task or multiple tasks, and that performance will not suffer unless the
attentional demands of one or more tasks exceed the pooL of available attentional
resources. The attentional demand of tasks will vary, and therefore the amount of
information that can be processed simultaneously without interference depends on the
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attentional demands of the concurrent information. Resource models also assume that
attentionallimitations are flexible, depending on various influences such as arousal level,
motivation, contextual demands and cognitive state of the individual.
To summarize, there are different conceptualizations for how information is
selected to receive attentional processing. There is evidence that the selection can occur
following both early stages of sensory processing (Broadbent, 1958; Cherry, 1953) and
following later semantic processes (Corteen & Wood, 1972; Treisman, 1964). Some
models accommodate variability in the location ofthe filter (Johnston & Heinz, 1979),
while resource models propose an alternative resource pool to explain the flexibility.
Additional Issues in Attention
In addition to the various models of selective attention, there are also relevant
issues pertaining to the function of attention, specifically distracter suppression and
binding. Many models of attention focus only on the selection of relevant target
information, but inhibition of irrelevant distracting stimuli is also important for attention
to function efficiently. Desimone and Duncan (1995) propose that competition of relevant
and irrelevant information occurs at each level between sensory input and conscious
perception. A centralized executive process biases the competition in favour of some
information and only that information is capable of making demands on the limited
resources. They argue that both bottom-up factors, such as a distinctive target among
homogenous distracters, and top-down factors, such as expectations of spatial location,
influence the efficiency of selecting target information and suppressing non-target
information at various levels of processing. Top-down factors function through neural
systems mediating working memory (WM), while bottom-up processes employ the
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sensory networks such as ventral and dorsal streams of visual processing (Mishkin &
Ungerleider, 1982).
Duncan and Desimone (1995) also discuss the issue of binding in selective
attention. Binding refers to combining the separate attributes (color, shape, location,
meaning, etc.) of an object together and separating them from the attributes of other
objects. Following their model, the central attentional component would bias the
competition to ensure that target information is bound together and segregated from
irrelevant information. Treisman and Gelade (1980) demonstrated that binding is a key
factor in selective attention. In their feature integration theory, they proposed that
processing of stimulus features occurs in parallel and is not subject to attentional
limitations required to select relevant information. In this theory, individual features are
bound at a later stage requiring attention. This means that we are not aware of individual
features, but rather, we are aware of "object files", the bound representation of the
features in space and time. Unattended features are left unbound, or are sometimes bound
inaccurately, creating inappropriate object files (e.g., illusory conjunctions).
Treisman and Gelade (1980) introduced the visual search paradigm where
participants search for a target presented amongst a variable number of distracters. When
the target was based on a conjunction of features (e.g., a red circle), in an array of
distracters where each distracter contained one of the features (e.g., red squares and green
circles), search times increased significantly as the number of distracters increased. This
increase was more dramatic for target-absent trials than for target-present ones,
suggesting serial self-terminating search. Search slopes increased when the features of
targets and distracters in a conjunction search were difficult to discriminate. This implies
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that the conjunction search requires a serial strategy where each item in the array requires
focused attention to evaluate the conjunction of features, and is consistent with the idea
that binding of features required focused attention. There was no significant increase in
search times across the number of distracters when the participant was asked to find a
target identified by only one feature that was not shared with the distracters (e.g., red
circle amongst green circles). Under these conditions the target feature "popped out"
from the display immediately and response times for target-present and target-absent
trials were very fast regardless of the number of distracters. During the feature search,
binding is not required to discriminate targets from distracters and so selection can rely
on parallel feature processing which does not require attention.
Treisman and Gelade's (1980) feature integration theory has required substantial
modifications to account for evidence that very high level visual representations
(emergent properties) can pop-out under some conditions (e.g., Enns 1990), and that
search is guided more by top-down use of feature information than was suggested by the
theory (see Wolfe, 1994 for a review). However, the idea that attention is required for
binding features into a cohesive object for awareness remains a central and important
tenet in the attention literature.

Summary
In summary, attention is costly in terms of time and cognitive resources, and so

stimuli in the world must compete for access to attention. Attention can be directed in a
bottom-up, or top-down, fashion. Task and contextual demands appear to determine
whether competition for attention is resolved early in processing or later following
semantic processing of all relevant and irrelevant information. Some stimuli are selected
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to receive attention and others are not. Stimuli receiving attention have their features
bound together to create an episodic instance that enters awareness. Stimuli that do not
receive attention can still have high level activation of their features, but these features
will not be bound into an episodic instance, and will not enter awareness.
The Attentional Blink
Introduction

The role of attention is to efficiently limit the amount and type of information that
enters awareness. Deploying attention demands cognitive resources and costs time. One
can measure the cost of attention over time by having participants pay attention to a given
target and then examining their performance to stimuli presented at varying time intervals
after the target. Rapid serial visual presentation (RSVP) is a paradigm that allows the rate
of presentation and the temporal proximity of attended items to be manipulated. In an
RSVP stream, individual items are typically presented sequentially in the same location
at a rapid stimulus onset asynchrony (SOA, or latency between onsets of stimuli) of about
100 milliseconds, or around 10 items per second. In a typical RSVP task, one or two
target items are embedded amongst the distracter items and accuracy to each target is
examined. Raymond, Shapiro and Amell (1992) presented two targets in an RSVP
stream. Participants were required to report the identity of the lone white target letter (the
first target or T1), and the presence or absence ofa black 'X' (the second target, T2 also
known as the probe) embedded in a stream of black rlistracter letters (see Figure 1). When
present, T2 appeared equally often at each of the eight positions after T1. For example, in
Figure 1, the X is present 2 positions after T1 (or lag 2). They found that the probability
of correct detection of T2 operated as a function of its serial position relative to T 1. When
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T2 was presented within 180-450 milliseconds ofTI (lags 2 to 5), T2 performance was
decreased significantly compared to performance at longer lags (see experimental
condition of Figure 2). In a control condition, Raymond et aL asked participants to ignore
the white letter and report only the presence/absence of the black 'X'. In this control
condition, T2 accuracy was equally high at all TI-T21ags (see control condition of
Figure 2). Raymond et al. referred to the post-target deficit pattern as the attentional blink
(AB). The authors concluded that the AB is due to attentionallimitations, as opposed to
perceptual limitations, because the control and experimental conditions presented the
exact same visual stimuli, but only when Tl required attention did the lag-dependant
deficit occur. They also concluded that the AB is not the result of task switching from TI
to T2, as T2 performance was relatively high when presented as the immediate post target
item (lag 1), which is where task switching should show maximal costs.

La 2

Figure 1. The design of an RSVP stream with two letter targets (TI, white 'G'; T2, black
'X') embedded among black letter distracters.
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This phenomenon of high T2 accuracy when T2 was presented as the immediate
post target item (or the Tl +1 item) was later referred to as lag-l sparing (Visser, Bischof
& Di Lollo, 1999). Lag-l sparing sometimes comes at a cost to Tl accuracy at lag 1.

Furthermore, in tasks where Tl and T2 tasks are the same (e.g., report the two digit
targets amongst the letters) it can reflect inaccurate target order information. That is,
although accurate report ofT2 increases, the order ofTI and T2 is often reversed (e.g.,
Hommel & Akyurek, 2005). However, large lag-l sparing is often observed with no cost
to Tl, and can be observed even when the Tl and T2 tasks differ as in the original
Raymond et ai. (1992) experiment. There are competing theories of lag-l sparing, but
almost all theories suggest that T2 benefits from its temporal proximity to Tl because the
features from both targets enter into one attentional episode, or window, and are
processed together (e.g., Akyurek & Hommel, 2005; Raymond et aI., 1992). Some
researchers have suggested that the immediate post target item initiates the closing of an
attentional gate, sparing itself (Olivers, Stigchel & Hulleman, 2007; Raymond et aI.,
1992). Others (e.g., Chun & Potter, 1995) propose that the attentional gate opened by Tl
was sluggish in closing, allowing for T2 to pass through before the post-target deficit
period.
Raymond et ai. (1992) also demonstrated that the AB relies on the presence of an
immediate post-Tl item. When a blank interval of various durations was inserted
immediately following Tl, the AB was eliminated. However, an AB was observed if the
blank interval was presented after the Tl +1 item. Therefore, the AB is not observed in
the absence of immediate post-T 1 items, but a single item immediately after T 1 can
reinstate the AB.
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Figure 2. The classic pattern ofT2 accuracy across lags, showing control condition
performance (no AB) and experimental condition performance (AB). Taken from
Raymond, Shapiro and Amell (1992).

The original Raymond et al. (1992) paper revealed several important aspects of
the AB. First, T2 accuracy varies across serial position indicating that there is a timedependant limitation. Second, the AB is not due to simple sensory masking ofT2 by T1,
as T1 must be attended for the first target to initiate an AB. Finally, the AB is not merely
induced by first target processing. Rather, post-Tl items are crucial to the AB, indicating
that masking ofT1 plays an important role in creating the deficit.
Giesbrecht and Di Lollo (1998) demonstrated that masking T2 with a subsequent
distracter is also necessary in order to observe the AB. They had participants perform
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four different AB task conditions: 1) no mask condition, where T2 was the final item in
the RSVP stream; 2) standard mask condition, where several distracters followed T2; 3)
single mask condition, with only one subsequent distracter following T2; and 4) a
simultaneous mask condition, where a single distracter was displayed superimposed with
T2 as the last item in the RSVP stream. They found no AB in the no-mask condition (T2
performance at ceiling) and a robust AB in both the standard and single mask conditions.
These results suggest that a T2 mask is necessary to observe the AB, and that even a
single T2 mask is sufficient. Giesbrecht and Di Lollo also found no AB in the
simultaneous mask condition although overall T2 performance was lower than in the no
mask condition. This suggests that T2 mask does not just increase T2 difficulty, but may
be required to force T2 processing to happen at the moment it is presented or else the T2
representation will be replaced with that of the distracter. Indeed, evidence suggests that
masking of T2 may simply be a mechanism for exposing the attentionallimitations using
accuracy or sensitivity as a performance measure. If T2 is unmasked, but requires a
speeded response, then accuracy is near ceiling at all lags, but reaction time (RT) is
increased at shorter TI-T21ags (Amell & Duncan, 2002; Jolicoeur & Dell'Acqua, 1998).
This provides evidence that Tl processing does delay the processing ofT2. When T2 is
unmasked T2 processing can proceed following the delay as its representation is not
overwritten by a trailing mask. This results in delayed T2 RTs but intact accuracy at short
lags. However, when T2 is masked its representation is less likely to survive the delay,
resulting in lower T2 accuracy at short lags.

Models of the Attentional Blink
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There are several related, but different, theoretical accounts of the AB. Based on
their original findings, Raymond et al. (1992) proposed an early selection attentional gate
model of the AB. In this model, allocating attention to Tl occurs undisturbed. TI must
then be identified, and its identification overlaps with the arrival ofthe Tl +1 item.
During this overlap, features from Tl and from the Tl +1 item are activated and available
to be bound by attention. The inclusion ofTl +1 features causes interference with Tl
identification and the system closes the attentional gate suppressing any further feature
gathering. The AB duration represents the recovery time required for the interference to
be resolved and for the attentional 'gate' to be reopened. When a blank interval is
inserted immediately after Tl, there is no immediate interference with Tl features and Tl
identification is allowed to proceed undisturbed.
Olivers, Stigchel and Hulleman (2007) returned to Raymond and colleagues'
(1992) idea that during the second step ofTl identification, attention is rerouted from
filtering the stream to processing the target, i.e., the post-target distracter is not
suppressed, creating interferences or disrupting Tl identification. Rather, in this model
the AB interval reflects the time required for attention to reinstate the filter for further
target detection, so later targets can be identified accurately. IIi this case, the deficit could
potentially be eliminated if the items following Tl were also targets, which according to
the model, should not interfere with Tl processing directly. They found that, after
manipulating the number of targets and the serial position between targets, an AB was
only present in those conditions where a distracter intervened between two targets and
never when multiple targets were presented successively, regardless of number of targets
presented. Olivers et al. did, however, find that accuracy decreased for the fourth target
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presented successively, suggesting that there is a limit imposed by short term memory
(STM) capacity. Further supporting the idea that there is a specific attentional set that
filters distracters versus targets, and that this has a role in the AB, they found that they
could eliminate the AB initiated by a single post-target distracter so long as the
subsequent target was preceded by another target (i.e., for T1 D T2 T3 a deficit would be
absent for T3 as it is preceded by T2). Olivers et al. argue that this evidence supports an
early-selection, two-stage model where interference from the overlap of target
identification and post-target distracter disturbs the attentional filter that suppresses the
processing of incoming information for the duration of the AB. They also argue that
resource limitations do not themselves account for the AB.
In their subsequent exploration of the AB, Shapiro, Raymond and Arnell (1994)
modified their original two-stage early selection model. They proposed that manipulating
the attentional demands on T1 (i.e., different set sizes from which the T1 letter could be
drawn) should modulate the AB. There was, however, only a very small and nonsignificant attenuation of the AB when T1 set size was reduced. These results suggested
that T1 demands were less likely to underlie the AB, or alternatively, that very little
demand ofT1 was required to produce the AB. Shapiro et al. also observed that when T1
was a blank interval that lacked visual pattern, the AB was eliminated, even though the
T1 task of identifying the duration of the blank interval was quite difficult. This indicated
that visual pattern information was important in the production of an AB. Furthermore, a
robust AB was produced when the TI task simply required detecting the presence of a
white T2 pattern amongst black letters (as opposed to detection of the white letter and
then a subsequent identification stage). These results were inconsistent with the original
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early selection gate model which required interference with Tl identification (Raymond,
Shapiro & Arnell, 1992).
To account for these findings, Shapiro et al. proposed a late-selection interference
model of the AB. They proposed that targets are highly weighted for selection and entry
into visual short term memory (VSTM). The Tl + 1 and T2+ 1 items also gain accidental
entry into VSTM due to their temporal proximity to the targets, and other salient
distracters may gain entry as well. Thus, when T2 must be attended and retrieved from
VSTM there are multiple items competing for retrieval from VSTM, and the probability
ofT2 retrieval is reduced. The representations of items fade very quickly from VSTM, so
when T2 is presented more than half a second after Tl, the Tl item and the TI + 1 item are
no longer in VSTM, and T2 retrieval can be performed without interference. Following
from this, any feature that could increase the ability of targets to be distinguished from
distracters, and retrieved from VSTM, should increase the T2's probability of being
correctly detected and identified. In support of the interference model, the feature
similarities and dissimilarities oftargets and distracters have been shown to affect the
magnitude of the AB (Chun & Potter, 1995; Raymond Shapiro & Arnell, 1995). This
shifts Shapiro and colleagues' model from an early-selection account toward a later
VSTM interference account where the deficit is dependent upon the limitation of the
amount of information that can be simultaneously retrieved from VSTM in the face of
interference.
Chun and Potter's (1995) two-stage bottleneck model of the AB posits two stages
of target processing. In the first stage, stimuli are processed pre attentively in parallel,
high level visual representations are created, and semantic information is extracted. This
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stage is used to select targets for stage 2 processing. In the second stage, selected targets
are consciously identified and encoded into working memory for later report. The
consolidation stage is demanding of attentional resources, and therefore has a limited
capacity and processes items serially. The consolidation stage is initiated by the presence
of a target item. Any items available in the sensory store will be selected for
consolidation, including items in very close proximity to the target (usually the T1 +1
item). Consolidation is prolonged as the T1 and the T1 +1 distracter must be disentangled
for identification, creating a bottleneck. If T2 occurs before the bottleneck can be
resolved it must wait to be consolidated and is vulnerable to decay, reducing the
probability of accurate report. If T2 is presented after T 1 has finished consolidation, then
T2 can go directly to the consolidation stage with no wait and no decay, resulting in
highly accurate report.
Chun and Potter (1995) pointed out that previous AB designs had used a task
where the defining target feature and the to-be-reported feature were different (e.g.,
detect white for the target defining feature, and report letter identity for the to-be-reported
feature). Therefore, the AB might represent the processing cost when conjoining these T1
features. Furthermore, Potter and colleagues (Chun & Potter, 1995; Potter, Chun, Banks
and Muckenhoupt, 1998) argued that the use of one task for T 1 (e.g. identify the white
letter) and a different task for T2 (detect the black X) potentially confounds a possible
attentional bottleneck with task switching costs. Such switch costs could mimic the AB if
participants took approximately 500 ms to reconfigure their task set away from the TI
task to the T2 task. To address these issues, Chun and Potter (1995) asked participants to
report both the T1 and T2 letters that were presented amongst digit distracters. Note that
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in this case the target's defining feature (letter) was the same as the to-be-reported feature
(letter), and that the same task for both TI and T2 eliminated the possibility of task
switch costs. A robust AB was observed, indicating that the AB was separate from task
switch costs, and that attending to TI could produce an AB, even without feature binding.
Chun and Potter proposed that the duration of the bottleneck, and subsequently the
severity of the AB, could be attenuated when it is easier to distinguish between TI and
the post-target distracter at the consolidation stage. In support of this idea, they showed
that using symbols (versus digits) as distracters, with letter targets, the AB was
attenuated, but not entirely absent.
Jolicoeur and Dell'Acqua (1998) proposed a short-term consolidation (or STC)
model of the AB. This model is essentially a refinement and extension of the Chun and
Potter (1995) 2-stage model. The STC model differentiates between three different stages
of stimulus encoding: sensory encoding, perceptual encoding, and short-term
consolidation. Information at the sensory stage is encoded in parallel and creates early
visual representations that are vulnerable to masking. The perceptual stage also operates
in parallel but creates high-level perceptual representations complete with semantics.
This representation is not vulnerable to masking effects but is vulnerable to decay
without support from sensory information. In the final stage, short-term consolidation
(STC), information is encoded into short-term memory. This encoding is serial, as it
involves central attention which is limited in capacity. Information that achieves STC has
a higher probability of successful report. As STC is a time-consuming serial process, the
STC stage becomes bottlenecked when T2 is presented at a short lag. Under these
conditions, the STC for T2 will be delayed, leaving the high-level representation ofT2
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vulnerable to decay, thereby reducing the probability of accurate T2 report. At long lags
the bottleneck is no longer present, and STC is no longer delayed. Without the delay T2
does not decay and probability of accurate report increases.
Jolicoeur and Dell' Acqua (1998) examined this STC bottleneck in a series of
experiments. They removed any interference at the sensory and perceptual encoding
stages by using cross-modal targets. Tl was a visual display of either 1 or 3 characters,
and was always masked by a Tl +1 mask. Participants made unspeeded responses to Tl,
reporting the character(s) at the end of each trial. T2 was always an unmasked tone that
was high or low in pitch. Participants made speeded responses to T2, indicating whether
the pitch was high or low as soon as it was presented. Results showed that tone RTs
increased as the temporal separation between the two targets decreased. Importantly, the
RT slope was steeper when Tl contained 3 characters than when it contained 1 character,
suggested the number of characters determined the how long Tl occupied the STC stage.
To ensure that the RT slowing was not the result of the first two processing stages,
Jolicoeur and Dell'Acqua asked participants to ignore Tl and just perform the speeded
tone task. The R T slope was now very shallow across the target separation interval, and
was equivalent for TIs with 1 and 3 characters. Jolicoeur and Dell'Acqua argued that that
STC was not initiated for Tl under the ignore instructions, so Tl did not occupy the
bottleneck, allowing T2 to be successfully consolidated into STM. These results provide
evidence for a bottlenecked stage of processing that is postperceptual. Jolicoeur and
Dell' Acqua argue that this limited capacity bottlenecked stage is short-term consolidation
into working memory.
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In contrast to bottleneck models of the AB, Di Lollo et al. (2005) have proposed a
temporary loss of control (TLC) account of the AB. This account stems from their
criticisms of the ability of the limited-resource models to account for lag-l sparing.
Limited-resource models usually explain lag-l sparing as the lag-l item slipping in with
T 1 before all the resources are occupied, allowing it to be processed and heightening its
probability of accurate detection (Chun, & Potter, 1995). Di Lollo et al. criticize this
account as post hoc and inconsistent with the conceptual framework of limited resource
models.
Di Lollo and colleagues' TLC model attributes the AB to a temporary loss of
attentional control. They propose that the attentional control state is optimized by an
endogenous system for the efficient processing of T 1. In this attentional state all stages of
processing are biased toward information that matches the Tl template, which essentially
acts as a filter. Once Tl has occurred, the endogenous control system is occupied with
processing Tl information and temporarily loses control over the attentional state. At this
point the attentional state is influenced by exogenous control, specifically the post-target
items. If the T 1+1 item matches the template that the endogenous control system
employed then the attentional state remains the same and that item is processed resulting
in lag-l sparing. If the lag-l item does not match the original template then the attentional
state is reconfigured to match the features of the Tl +1 item, and any subsequent items
that do not match the new distracter template, specifically T2, will be filtered out,
resulting in the AB. However, when Tl no longer requires attention, then the attentional
state can again come under endogenous control and is set to optimize detection of T2.
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Therefore, when T2 is presented at a longer lag it can now be attended, and T2
performance is highly accurate.
Di Lollo et al. (2005) hypothesized that the AB should occur only in the case
where the Tl +1 item does not match the category ofTl and T2, and that no deficit should
occur when the Tl + I item matches the Tl and T2 category. They created two conditions,
each with three critical items. The uniform condition had three target letters embedded
sequentially in a stream of digits distracters (i.e. D D D L L L D D D), and the varied
condition had two letter targets separated by a digit (i.e. D D D L D L D D D). The
uniform condition complies with the case where the Tl +1 item would not exogenously
reconfigure the attentional set, and therefore no post-target deficit should occur. The
varied condition complies with the case where the Tl + 1 item would reconfigure the
attentional set and lead to an AB. The results of this study support their hypothesis that a
temporary loss of control underlies the AB. There was a significant decrease in target
accuracy from the first to the third item in the varied condition, but no significant
difference in target accuracy from the first to the third item in the uniform condition.
However, it is worth noting that although accuracy on the third item was significantly
lower in the varied condition than in the uniform condition, accuracy on the first item was
significantly higher in the varied condition than in the uniform condition. This pattern
suggests that the uniform condition does not eliminate the processing costs that underlie
the AB; it may simply distribute them more evenly across the targets.
The computational model of Bowman and Wyble (2007) attempts to specify why
and how consolidation or encoding into working memory may underlie the AB.
Following Kanwisher (1987) and others, Bowman and Wyble make a distinction between
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types and tokens. Types are activations of stimulus features (both perceptual, and
semantic). They are activated in parallel, subject to rapid decay, and are outside of our
awareness or control. Tokens (or object files) are the result of binding the features of an
object together and include information on the "when" and "where" of a stimulus. A
token is a conscious episodic representation of a stimulus that is available in working
memory for control of goal directed behaviour. Binding is the process of consolidating
type activations into tokens in working memory. Bowman and Wyble suggest that
binding is the bottlenecked process that underlies the AB, and that the time pressure
created in the RSVP interrupts the efficiency of this process. They refer to their model as
the ST2 theory, or simultaneous type, serial token model. As with many AB models, their
model has two processing stages. The first stage consists of early stimulus processing
where type activations are created. This stage can accommodate many stimuli in parallel,
but the storage of information at this point is transient. The second step is the binding of
relevant types into tokens, or tokenization. This process is sequential and attentiondemanding, and subsequent types must wait for the tokenization of preceding items to be
completed before the type can be bound. Once a token is available, a transient attentional
enhancement (TAE) mechanism briefly enhances the signal of the tokens available in the
short-term sensory store. The TAE can only be reinitiated when the tokenization process
is complete, and is therefore unavailable for items that occur before tokenization is
complete.
They also provide a computational test of their model, the neural ST2 theory.
Their computation model includes a stage two neural layer that represents tokenization,
and consists of trace-gate neurons. The gate neuron connects to a self-sustaining WM
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trace neuron which inhibits the gate neuron when activated. When the RSVP stream
begins, all gate neurons compete for activation, and an ordered bias determines the
winner. The gate neuron that wins makes that token available. Due to lateral inhibition
once a gate neuron and token is available all other gate neurons and tokens become
unavailable. The gate neuron becomes active with bottom-up support, which in turn
begins to excite the WM trace neuron. Once the trace neuron begins a cycle of selfsustaining activity it inhibits the gate neuron. Such gate-trace pairs and their tokens will
be bound while non-active ones are less likely to achieve that level of activation while
their signal decays. This model provides a more precise account of the role of WM in
creating a time-dependant attentional cost such as the AB. The output produced by the
computational model is quite a good fit to the behavioural data produced by humans, and
the computational model has been able to account for effects such as target-distracter
similarity and the reduction of the AB with a blank TI +1 interval.

Summary
In summary, there are many different models of the AB that share some important
features. Notably, many models of the AB make a distinction between the automatic
activation of stimulus features that is not subject to dual-task costs, and a later attention
demanding processing stage that is subject to dual-task costs. Important to understanding
the AB are also those contexts that modulate the size of the AB, by either increasing the
deficiency or attenuating the effect. Some of these have been discussed already. A subset
of these, relating to affect, will be examined below.
Affect and Attention

Affect

26
The term 'affect' describes an individual's own feelings that are available to
awareness. These feelings can accompany various other subjective experiences such as
sensations, attitudes, moods or emotions, and tend not to be directed toward any
particular object (Fredrickson, 2001). In an attempt to better represent affect, factor
structures have been used to define the major dimensions. Some prominent models of
affect have suggested that positive and negative affect are two separate factors, existing
on two separate continua such that an individual can be high in both, low in both, or high
in one and low in another (e.g., Cacioppo & Berntson, 1994, 1999; Tomarken, Davidson,
Wheeler, & Doss, 1992). However, the current dominant structure of affect consists of
two orthogonal dimensions (for reviews, see Schimmack & Crites, 2005; Yik, Russell, &
Barrett, 1999). The first dimension is arousal which can vary from low intensity to high
intensity, and is defined as the level of activation involved (i.e., sleepy to excited). The
second dimension is valence which can vary from highly unpleasant to highly pleasant,
and is defmed as the hedonic value. Affective states are distributed along the continuum
of both axes, and a given affective state could be placed on this 2-dimensional framework
by representing a combination of its arousal level and valence. For example, joy would be
located at high arousal and extreme pleasantness; sadness would be located at low arousal
and extreme unpleasantness; fear would be located at high arousal and extreme
unpleasantness; and calm would be located at low arousal and extreme pleasantness
(Russell, 1980; see Figure 3). These dimensions have emerged in the literature, both from
self-report and other measures, as reliable and orthogonal dimensions of affect (Russell,
1980; Watson & Tellegen, 1985; Yik, Russell, & Bennett, 1999). Much of the current
evidence continues to support this structure, showing independent roles for valence and
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arousal. For example, Robinson, Storbeck, Meier and Kirkeby (2004) showed that
individuals are faster to evaluate affective stimuli high in arousal, with no effect of
valence. Similarly, Aquino and Arnell (2007) showed that the arousal ratings of irrelevant
words, but not their valence, or valence extremity, predicted how much the words
interfered during a digit parity task. Although the 2-dimensional model is currently very
popular, there continue to be theoretical challenges to the conceptualization of a twodimensional space of affect (e.g., Fontaine, Scherer, Roesch, & Ellsworth, 2007). For
example, there are some data suggesting that specific affective states (e.g., fear,joy)
represent more than a specific combination of arousal and valence, and that various
affective states may differ more qualitatively (e.g., Easterbrook, 1959; Gable & HarmonJones, 2008; Jeffries, Smilek, Eich and Enns, 2008). Ifthis is the case, unravelling the
relationship between affect and attention will also require consideration of the qualitative
nature of different affective states.

High Arousal

o

o

FEAR

JOY

Negative

Positive

o

o

SAD

CALM
Low Arousal

Figure 3. Orthogonal dimensions of affect: valence and arousal.
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In general, research on attention and affect points toward a significant role for
affect in performance on attention tasks such as the AB. Research using a variety of
attentional paradigms has provided evidence that affective stimuli appear to receive
preferential attentional processing. For example, in the dot-probe paradigm, participants
were faster to respond to the presence of a dot when the dot replaced (in the same
location) an irrelevant socially or physically threatening word than when the dot replaced
an irrelevant neutral word (Mogg, Bradley, De Bono & Painter, 1997). When participants
were asked to make parity judgments about two digits flanking an irrelevant word, sexual
words were found to increase response times relative to the neutral or school-related
words, and the arousal rating of the word predicted its degree of interference (Aquino &
Arnell, 2007). Times to color-name taboo words were longer than for neutral words in a
Stroop task. This effect also resulted in better surprise recognition of taboo words and
colors associated with the taboo words (MacKay, Shafto, Taylor, Marian, Abrams &
Dyer, 2004).

Affect and the Attentional Blink
Stimulus manipulations. Affect has been shown to modulate the AB in two ways:
(1) affective stimuli can modulate the magnitude of the AB when used as targets or
distracters with randomly selected participants; and (2) the affective state of the
individual can be used to predict the magnitude of their AB. When presenting an
emotional word in the AB paradigm, it can be presented as Tl, as T2, or as a to-beignored distracter. Anderson (2005) presented negative (sad), positive (happy), negativearousing (taboo), and positive-arousing (sexual) words as T2 and examined the effect on
AB magnitude. Words with high arousal (whether positive or negative in valence)
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decreased the magnitude of the AB compared to low arousal, more emotionally neutral
words. Given that the effect remained consistent across all blocks of trials, Anderson
interpreted the results as indicating a unique ability of positive or negative-arousing
words to overcome the central attentional bottleneck that underlies the AB. Anderson
suggested that highly arousing words may be less vulnerable to decay or interference
during the delay period of the AB, possibly due to a stronger stage-l representation
compared to less-arousing stimuli. Anderson also suggests that affective stimuli may
simply require less attention for consolidation into awareness, thus during the AB there
may be enough attention leftover from TI to process an emotionally-arousing T2, but not
enough for a more emotionally neutral T2. Keil and Ihssen (2004) also found that both
pleasant and unpleasant T2 verbs increased overall T2 performance and attenuated the
AB. They found that low arousal verbs did not enhance T2 performance, but high arousal
verbs did.
When positive, negative, and sexuaVtaboo words were presented as a critical
distracter preceding a single target (Arnell, Killman, & Fijavz, 2007), the pattern of
results was similar to those of Anderson (2005) and Keil and Ihssen (2004). Arnell et al.
asked participants to report which often colour names (e.g., pink) was presented as a
target on each RSVP trial, and to ignore all other words presented in the RSVP stream.
Either 3 or 8 items before the target colour word, a critical emotional word was presented
as a to-be-ignored distracter. Target accuracy was equal at lags 3 and 8 when the critical
distracter was a positive, negative, threatening, or neutral word. However, target accuracy
was lower at lag 3 than lag 8 when the critical distracter was a sexuaVtaboo word,
suggesting that the to-be-ignored sexual/taboo distracter captured attention and initiated
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an AB. Analysis of participants' arousal and valence ratings for the critical distracter
words revealed that T2 accuracy was negatively related to how arousing the participant
judged the word to be, but was unrelated to its valence rating or the extremity of valence.
Participants also performed a surprise recognition test with the critical distracter words.
The level of recognition was positively related to the arousal rating of the words and
negatively related to target accuracy. Indeed recognition memory performance fully
mediated the relationship between arousal and AB magnitude suggesting that arousing
words only reduced target accuracy when they were encoded into memory.
Similar effects have been found with distracter pictures. Pictures with negatively
valenced and highly arousing content were found to capture attention and induce an AB
when presented as a to-be-ignored distracter preceding a single target (Most, Chun,
Widders & Zald, 2005). This same pattern of results was found using erotic pictures rated
as positively valenced and highly arousing (Most, Smith, Cooter, Levy & Zald, 2007).
Even emotionally neutral pictures can produce this same pattern of results after being
conditioned with an aversive sound (Smith, Most, Newsome & Zald, 2006).
Mathewson, Amell and Mansfield (2008) presented affectively significant words
as Tl in an AB paradigm. Tl was a lone red word in an RSVP stream of black words. Tl
was a word that was positive, negative, threatening, sexual/taboo, or emotionally neutral.
The Tl task was to report whether the Tl word was presented in upper or lower case
letters. The T2 task was to report which of ten colour names was presented. Only
sexual/taboo words significantly increased the magnitude of the AB compared to
positive, negative, and neutral words, replicating the same pattern observed when
emotional words were presented as distracters (Amell et aI., 2007). Mathewson et al. also
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found that both arousal ratings for Tl words and surprise recognition memory for those
words negatively predicted T2 accuracy, and replicated Arnell et al. (2007) in showing
that memory for the Tl words fully mediated the relationship between arousal and T2
accuracy. Mathewson and colleagues proposed that sexual/taboo words increase the size
of the AB when presented as Tl and reduce the size of the AB when presented as T2
because emotionally arousing words receive both heightened activation of automatic
high-level representations and prolonged attentional processing. When presented as Tl,
the emotional words undergo prolonged attentional encoding due to the difficulty
participants have in disengaging attention from highly arousing words. This increased
processing time for arousing TIs means an increased wait for T2, resulting in a larger and
longer AB. When arousing words are presented as T2, the increased activation ofT2's
high level representation allows it to survive the delay caused by the bottleneck, resulting
in a reduced AB.

Participant mood. The above studies manipulated the affective qualities of the
RSVP stimuli. The affect of the participant can also influence the AB when emotionally
neutral stimuli are used. Evidence suggests that the affective state of the individual,
naturally-occurring or induced, modulates the attentional systems governing the AB.
Much of this research is situated in theories of broadened or focused attention via affect.
Olivers and Nieuwenhuis (2005, 2006) propose an overinvestment hypothesis of
the AB. They propose that an AB occurs when an unnecessary excess of attentional
resources is allocated to items in the RSVP stream. The result is that Tl receives more
attention than it needs and distracters receive sufficient attentional resources to compete
with targets. Tl receives a lot ofattentional resources, making T2s at short TI-T21ags
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especially vulnerable to interference from the distracters. Olivers and Nieuwenhuis make
the intriguing and counterintuitive hypothesis that when attention is diffused, the AB will
be reduced. Under diffusion conditions only the necessary attentional resources should be
allocated to items in the RSVP stream. The result would be that distracters no longer
receive sufficient resources to interfere with targets, and this reduction in interference
would increase the probability of correct T2 report and attenuate the AB. Olivers and
Nieuwenhuis diffused attention by having participant perform an additional task, by
altering task instructions, or by inducing a positive mood in participants.
To test their hypothesis, Olivers and Nieuwenhuis (2005) first assigned
participants to one of four different conditions. In all of the conditions participants were
asked to report the identity of the two digit targets presented in an RSVP stream of letter
distracters. The TI -T2Iag varied from 1 to 5 items. In the free-association condition
participants were asked to think about their holidays for one block of trials, and to think
about shopping for a dinner with friends in the other block of trials while performing the
RSVP task. In the listen-to-music condition participants were instructed to 'just listen to
the music" (which was not synchronized with the stimulus presentation rates of the
RSVP) for one block, and to listen to and detect a yell in the music for the other block.
The music was played concurrently with the RSVP stream. In the reward condition,
participants were rewarded an extra €0.01 in addition to the €3.00 they receive for
participation for every target they correctly reported and €0.03 was deducted for every
incorrect target report. Group performance in these three conditions was compared to
group performance in the control condition where participants were given the standard
instructions to "concentrate on the task" and to "report as many digits as possible".
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Overall T2 performance was higher in the listen-to-music and free-association groups as
compared to the control group. There was no significant difference in performance
between reward and control conditions. The improvement in performance for the listento-music and free-association conditions was largest at lags 2,3 and 4 which occur within
the AB interval. Olivers and Nieuwenhuis concluded from these findings that a
concurrent task reduced the size of the AB and proposed that the diffusion of attention
was responsible for the improved T2 detection at short lags.
Olivers and Nieuwenhuis (2006) replicated these findings using a delayed matchto-sample task performed concurrently with the RSVP task and by changing the
instructions participants were given. In the match-to-sample task each RSVP trial was
preceded by a random line pattern. After viewing the RSVP stream and reporting the
targets, another random line pattern would appear and the participant was asked to press a
key if the pattern matched the pattern presented at the beginning of the trial. Participants
in the alternative instructions condition were explicitly asked to "pay a little less
attention" to the targets, and to "adopt a more absent minded, diffuse, or passive attitude"
while performing the task. Performance of participants in the additional task and
alternative instruction groups were compared to the performance of participants in the
control condition. There was significant reduction in the size of the AB in the additional
task condition and the alternative instructions condition compared to the control
condition. Olivers and Nieuwenhuis concluded that the results of the second study
supported the overinvestment hypothesis and the idea that the diffusion of attention
would attenuate the AB.
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The idea that of diffuse attention can attenuate the AB has also been also
supported using a more perceptual manipulation (Arend, Johnston & Shapiro, 2006).
Arend and colleagues embedded the RSVP stream in a star-field background that was
either stationary, moving inward toward the stream, moving outward away from the
stream or stationary but flashing periodically. The AB was significantly reduced in all but
the stationary condition although the reduction was largest for the outward moving
condition. The authors suggest, in a model similar to that of Olivers and Nieuwenhuis
(2006), that all three conditions, but especially the outward moving condition, diffuse
attention away from TI, reducing the bottleneck-induced delay that underlies the AB.
Based on previous theories of affect and attention (e.g., Fredrickson, 2001),
Olivers and Nieuwenhuis (2006) proposed that induced positive affect may also be able
to evoke a diffuse attentional state and reduce the AB. In order to investigate this
possibility they induced affect by presenting blocks of trials that contained either positive
pictures, negative pictures, or emotionally neutral pictures from the International
Affective Picture System (lAPS; Lang, Bradley & Cuthbert, 2005). A different picture
was presented immediately before each RSVP stream. They observed that the AB was
smaller on trials preceded by a positive picture compared to trials preceded by negative or
neutral pictures. There was no difference in AB magnitude, however, for negative affect
trials compared to neutral. Olivers and Nieuwenhuis proposed that the affective pictures
induced short-term episodes of positive or negative affect which influenced the
attentional state of the individual for each trial. They proposed that positive affect induces
a diffusion of attention that according to the overinvestment hypothesis would prevent the
overinvestment that underlies the AB. Although there were no significant results due to
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negative affect, the authors also propose that negative affect should concentrate and focus
attention, which according to the overinvestment hypothesis would exacerbate the
overinvestment enhancing the AB. They argue that the effect is not due to arousal as the
positive and negative pictures were matched for arousal. Furthermore, they found a trend
that indicated a negative relationship between the arousal rating of the picture and T2
performance, indicating that the positive affect benefit was maximal at low arousal levels.
A more typical mood induction using music and guided reflection also
demonstrated effects on AB magnitude (Jeffries et aI., 2008). Participants were divided
equally into four mood conditions (sad, calm, anxious, and happy). Mood was induced by
having the participants in each group listen to their condition-appropriate music while
also thinking about past experiences of their specific mood. Mood induction was
performed twice, preceding each of two blocks of RSVP trials. Individuals in the sad
condition had the smallest relative AB magnitude, the calm and happy groups had
intermediate relative AB magnitudes, and the anxious group had the largest relative AB
magnitude. The difference in AB magnitude was at the two shortest lags (2 and 4) where
lag 8 performance was equivalent for all four affect conditions. The modulation of the
AB was not well explained by a simple dimension of either arousal or valence. This
implies that induced affect can modulate AB magnitude and that the effect is perhaps
more complex than the positive-negative dichotomy suggests. Jeffries et al. suggest that
rather than attention interacting with individual dimensions such as valence or arousal,
that attention is influenced differently by unique and specific affective states.
Where previous studies relied on induced affect conditions, naturally occurring
affective disposition has also been shown to modulate AB magnitude (MacLean, Arnell
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& Busseri, provisionally accepted). Participants perfonned three separate AB tasks, two
using alphanumeric stimuli (letters and words) and one using non-alphanumeric objects
pictures. AB magnitude was calculated across stimulus types for each individuaL
Immediately before perfonning the AB tasks participants were asked to complete the
positive-affect negative-affect schedule (PANAS; Watson, Clark & Tellegen, 1988). The
PANAS is among the most widely used measures of trait affect and comprises 10 positive
and 10 negative affect items each rated on a Likert-scale from I-not at all to 5-extremely
based on how a respondent generally feels "on average". Results showed a significant
negative correlation between an individual's positive mood trait (their average rating on
all of the positive items) and AB magnitude where greater trait positive affect was
associated with smaller ABs. There was also a significant positive correlation between an
individual's negative mood trait (their average rating on all of the negative items) and AB
magnitude where greater trait negative affect was associated with larger ABs. Positive
and negative mood traits also predicted AB size over and above each other and average
Tl and T2 perfonnance. Additionally, the difference of positive minus negative affect
was even more strongly related to AB magnitude than positive and negative affect
separately, and predicted AB magnitude as well as when positive and negative affect
were both included together as predictors. The sum of positive and negative affect, taken
as an index of activation did not predict AB magnitude. When participants were divided
by the median into high and low valence and high and low activation groups and
submitted to a 2X2X5 (valence group X activation group X TI-T2Iag) ANOVA there
was a significant three-way interaction. In subsequent analyses it was revealed that
valence group only interacted significantly with T 1-T2 lag at low levels of activation,
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such that the high-valence group had smaller ABs than the low-valence group (see
Figures 4a & b).
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Figure 4. (a) Mean T2 sensitivity (expressed as d') as a function ofTI-T2lag and affect
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TI -T2Iag and affect valence group at high activation. Standard error bars (M ± 1 SE) are
shown.
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These [mdings are consistent with those of Rokke, Arnell, Koch, and Andrews
(2002) who showed that highly dysphoric individuals with more depression symptoms
had larger AB magnitudes compared to controls. Interestingly, dysphoric participants
were not simply worse at the task overall. Tl accuracy, T2 accuracy at long lags, and T2
accuracy in a control condition where Tl was ignored were equally good for dysphoric
and control participants. Rokke and colleagues proposed that dyphorics and controls were
equally efficient in processing Tl, but that dysphorics had difficulties disengaging from
Tl, thereby exacerbating the processing bottleneck and increasing the AB.

Affect and Focus/Diffusion ofAttention
Olivers and Nieuwenhuis' (2006) hypothesis that the AB is reduced by a diffuse
attentional state that can be generated through positive affect, is currently very popular
and fits much of the affect and AB data. Evidence from other cognitive paradigms also
supports a more general hypothesis of positive diffusion and negative focus. For example,
Fenske and Eastwood (2003) found that the benefit to target performance of compatible
flankers was reduced when they contained negative affect (facial expression) compared
to positive and neutral affect. The benefit was enhanced when the flankers contained
positive affect compared to negative and neutral. This implies that the presence of
positive affect results in a diffusion of attention which enhances the use of non-target
information surrounding the target, but that the presence of negative affect results in a
focusing of attention which reduces the use of surrounding information. Similarly,
Dreisbach and Goschke (2004) found that individuals in an induced positive affect group
eliminated the cost of perseveration in a task-switching paradigm, while demonstrating
significant costs in the distraction condition. Individuals in the induced negative affect
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group displayed typical perseveration costs but a lack of cost due to distractibility. These
results provide evidence that positive affect does induce a flexible attentional state
capable of disengaging from typical perseveration, but at the cost of increased
distractibility. Negative affect, with opposite results, seems to induce a more focus
attentional state increasing the strength of perseveration and decreasing distraction.
Rowe, Hirsh, and Anderson (2007) also found evidence that positive affect broadens
attention in the context of a flanker task and a remote association task. Induced positive
affect (via music) allowed for greater interference from adjacent distracters in the flanker
task, and increased the ability to produce remote semantic associates, indicating a wider
access to semantic networks. The authors propose that positive affect achieves this
broadening by alleviating inhibitory control. A lack of inhibitory control associated with
positive affect has also been proposed to explain findings that performing a task under
instructions to relax or performing a task in distracting conditions can improve
performance in some contexts (e.g., Olivers and Nieuwenhuis, 2005; 2006; Smilek, Enns,
Eastwood, & Merikle, 2006). Negative affect, alternatively, has been shown to restrict
attention. For example, negative affect, or more specifically, highly arousing negative
stimuli, have been shown to decrease the use of available information on a given task
under certain conditions (e.g. cue utilization; Easterbrook, 1959, or "weapon focus";
Kramer, Buckhout & Eugenio, 1990).
Although there is much evidence to suggest that positive affect can broaden attention
and negative affect can focus attention, the story is complicated by constructs such as
arousal, motivation, and valence. These issues have scarcely been touched, and require
further examination. For example, Gable and Harmon-Jones (2008) provided evidence
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that positive affect does not unifonnly broaden attention. Rather, it is a subset of positive
emotions low in approach-motivation that broaden attention, while more general positive
emotions without a specific goal do not ("liking" vs. "wanting")' Despite these
complications, in general, the positive-negative affect dimension has been useful in
predicting diffused and focused attention.
The "broaden-and-build" theory (Fredrickson, 2001; Fredrickson & Branigan, 2005)
provides a framework for the evidence that positive affect broadens attention while
negative affect narrows it. The theory proposes that the relationship between affect and
attention is adaptive for survival and learning in an organism. Negative affect occurs
typically in the presence of some environmental threat. In this context focus is necessary
in order for the organism to quickly locate and respond to the threat. Positive affect
occurs in a safe environment. In this context exploration may yield opportunity for
advantageous learning, and so attention is broadened to allow this to occur. Apart from
the evolutionary account, the theory also proposes a mechanism by which positive and
negative affect influence attention. The theory posits that positive affect is associated
with more diverse nonspecific response, or "action" tendencies, while negative affective
states are tied to specific tendencies (e.g., flight or fight). Fredrickson and Branigan
(2005) assessed participants' range of action tendencies by inducing reflection on a
particular affective state and asking the participants to describe their desired actions upon
reflection. The positive affect condition (exposure to film clips with positive content)
elicited a greater number of desired actions than the negative conditions (exposure to film
clips with negative content). They also found that the affect condition influenced
perfonnance on a global-local task. The global-local task required participants to indicate
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which of two test stimuli most closely resembled the standard stimuli. The stimuli were
global shapes (e.g. triangles, squares, etc.) composed of smaller local shapes. Globallocal bias is measured based on whether participants used the global or local items to
compare the test stimuli to the standard stimuli. Individuals in the positive condition
made significantly more global based decisions than individuals in the negative
condition.
Summary
In sum, the literature on affect and the AB is small but has demonstrated consistently
that affect can modulate AB magnitude. Although the arousal, but not the valence, of
stimuli influence AB magnitude when emotional stimuli are presented as targets or
distracters (Anderson, 2005; Amell et aI., 2007; Mathewson et aI., 2008; Most et aI.,
2005,2007), the valence of the participant's own affective state does modulate AB
magnitude (MacLean et aI., provisionally accepted; Jeffries et aI., 2008; Rokke et aI.,
2002). Understanding the interaction between affect and the AB could allow us to better
understand the nature of the AB, individual differences in the AB, and the relationship
between affect and attention more generally. Specifically, the relationship between affect
and the diffusion of attention could indicate support for Olivers and Nieuwenhuis's
overinvestment hypothesis of the AB (2006). The primary goal of this study will be to
use ERPs to examine how naturally-occurring affect modulates the AB.
Electrophysiology and the Attentional Blink
Introduction
The overinvestment hypotheses of Olivers and Nieuwenhuis (2006) and Arend et
ai. (2006) make specific predictions about how diffuse attention modulates the allocation
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of attention to specific targets and distracters in the RSVP stream. Behavioural measures
such as accuracy (used in the AB paradigm) and response time only reveal the outcome
of all preceding perceptual and cognitive processing. If accuracy is impaired, or response
times delayed, in certain conditions, it is difficult to infer where in the information
processing stream processing began to fail. One way to address this problem is to use
event-related potentials (ERPs) to investigate the cognitive processing that targets and
distracters receive in the AB paradigm.
ERPs are an event-related electrophysiological measure with millisecond
resolution. ERPs are recordings of electrical potentials obtained using electrodes placed
on the scalp while the individual receives perceptual stimuli and/or perform cognitive
tasks (Handy, 2005). The potentials are time-locked to a particular event such as the onset
of a stimulus or a response. These time-locked signals are then averaged over many trials.
The averaging process increases the signal relative to noise by eliminating random
signals and isolating the event-related signals that occur with a more or less consistent
latency. The resulting components within the waveforms can then be analyzed for both
amplitude and latency. These amplitude and latency measures are then used to make
inferences regarding the perceptual or cognitive processes that occur related to an event.

Event-Related Potentials and the Attentional Blink
ERP measures have already been used to investigate the level of processing T2
receives during the AB. Vogel, Luck and Shapiro (1998) examined both early perceptual
components, and later post-perceptual components, to blinked T2s in the AB paradigm.
They chose the PI and Nl components as these are thought to reflect perceptual
processes and occur very early (~100 milliseconds) post-stimulus. The PI and Nl are
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sensitive to the physical properties of the stimulus such as brightness and spatial
frequency, and had been shown to be modulated by attention in other paradigms (Clark &
Hillyard, 1996; Mangun & Hillyard, 1991). If these components were suppressed during
the AB, then this would indicate that the AB impaired early perceptual processing. For
post-perceptual components they chose the N400, a later component sensitive to semantic
content of stimuli, and the P3, a relatively late component sensitive to the identification
and categorization of a stimulus. If either of these components were suppressed during
the AB this would indicate that the AB impaired later post-perceptual processes such as
semantic processing (if the N400 was suppressed) or conscious stimulus identification
and classification (ifthe P3 was suppressed but not the N400). Vogel et al. examined the
AB in three experiments containing both single and dual-target trials and lags 1,3 and 7.
In the first experiment, the perceptual background ofT2 was varied so that the PI and Nl
components to T2 could be isolated. To the extent that perceptual processing ofT2 was
intact during the AB, perceptual activation should be larger for bright background T2
trials than for dim background T2 trials. Subtracting activation on the dim T2s from
activation on the bright T2s, they were able to create PI and Nl difference waves to
isolate T2-related perceptual processing. They found no effect oflag on the amplitude or
latency of either PI or Nl difference waves to T2 in the single or the dual target
conditions. This indicated that temporal proximity to Tl had no effect on the perceptual
processing of T2, and therefore that the AB was not due to the impairment of perceptual
processes. In the next experiment, to isolate the N400, the T2 task required T2 be
classified as semantically related or unrelated to a context word given at the beginning of
the stream. To the extent that semantic processing of T2 was intact during the AB,
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semantic activation should be larger for semantic mismatch T2 trials than for semantic
match T2 trials (given that the N400 is especially large for semantically incongruous
items). Subtracting activation on the semantic match T2s from activation on the semantic
mismatch T2s, they were able to create an N400 difference wave to isolate T2-related
semantic processing. Vogel et al. found no effect oflag on the amplitude of the N400 in
either single or dual target conditions. This indicated that semantic processing occurs
unhindered during the AB. In a final experiment, an 85%-15% probability manipulation
was added to T2 to isolate the P3 component, and participants indicated whether T2 was
from the common or rare category. To the extent that identification and classification
operations were intact for T2 during the AB, the P3 should be larger at parietal sites and
sensitive to probability manipulations (i.e., larger for rare T2 trials than for common T2
trials; see below). Subtracting activation on the common T2s from activation on the rare
T2s, they were able to create a P3 difference wave to T2. Vogel et al. found a significant
effect oflag on P3 amplitude in the dual-target condition, but not in the single target
condition. Specifically, the P3 was completely absent in the dual-task lag 3 condition (the
condition where T2 accuracy was also markedly reduced), but fully intact at lags 1 and 7
where T2 accuracy was high. The authors concluded that the AB is the result of a postperceptual impairment on conscious stimulus identification and categorization.
The P 3 Component
The P3 component is sensitive to task-defined probability manipulations. That is,
it responds to the subjective probability or expectancy of a task-relevant stimulus, such
that infrequent or rare stimuli produce larger P3 amplitudes. The P3 is particularly
valuable for studying attention, as the P3 is affected by task relevance and subjective
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expectancies, indicating that top-down factors of attention can modulate it (see Johnson,
1986 for a review). One prominent model of the P3 is that the P3 reflects a process of
updating the contents of working memory with newly available information (thus its
sensitivity to new or surprising information), and that this is a process relatively
independent of response demands (Donchin, 1981; Donchin & Coles, 1988). Based on
this model, Vogel et al. (1998) argued that the lag effect on P3 amplitude suggests that
the AB reflects a bottleneck on WM updating. They suggest that WM updating is
impaired during the AB, because while Tl is being encoded into working memory, the
WM bottleneck makes the T2 representation vulnerable to decay or overwriting by
distracters, reducing its ability to be consolidated into WM.
Findings from Vogel and Luck (2002) also support the idea of a bottleneck on late
cognitive operations such as identification and categorization. Vogel and Luck (2002)
found that if T2 was unmasked (presented as the last item in the RSVP stream), the P3
was not attenuated at lag 3 as it was when T2 was masked. However, lag did significantly
affect P3 latency, where the P3 to T2 was approximately 100 milliseconds later at lag 3
than at lag 7. Similarly, Sessa, Luria, Verleger and Dell'Acqua (2007) were able to
demonstrate that the suppression of the P3 to T2 occurred when T 1 must be identified
and T2 is masked, the delay of the P3 to T2 occurs when Tl must be identified but T2 is
unmasked, and no P3 variations occur when T 1 is not identified and T2 is unmasked.
These studies provide convergent evidence that paying attention to Tl creates a
bottleneck in late stimulus processing, and are consistent with Vogel et al. ' s theory that
Tl delays the consolidation ofT2 into working memory. The intact, but delayed, P3
when T2 is unmasked provides evidence that masking T2 is not a necessary condition for
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the processing limitation that underlies the AB. If T2 is masked the processing limitation
can be observed with T2 accuracy and P3 amplitude. If T2 is unmasked, then this
processing limitation can be observed with T2 RTs and P3 latency. The P3 latency delay
at short lags has also been replicated using cross-modal designs (Arnell, 2006). Using an
unmasked T2 design, the P3 was delayed in every target-modality (visual and auditory)
combination. This provides further evidence for a central attention bottleneck.
The AB and P3 findings for T2 suggest that a bottleneck on attentional processing
may underlie the AB. Ifthis is true, then increasing the degree to which TI occupies
attention, as measured by increases in P3 amplitude to Tl, should increase the AB. In
support ofthis prediction, Martens, Elmallah, London and Johnson (2006) were able to
demonstrate that increasing TI 's P3, by decreasing its probability or providing invalid
cues to its identity, increased AB size.
The P3 and other components have also been used to examine individual
differences in the allocation of attention during the AB (Martens, Munneke, Smid &
Johnson, 2006). Some individuals, referred to as "non-blinkers", do not demonstrate a
measurable AB. When ERPs time-locked to TI and T2 were examined, Martens et al.
observed that these individuals differed significantly from blinkers in terms of the P3
component, the frontal selection positivity (FSP) and the total activation on distracter
only trials (i.e., mean amplitude over the entire trial). The FSP, also referred to as the
P2a, occurs at a similar latency (180-225 ms) to the posterior N2, and has been suggested
to reflect the evaluation of visual stimuli for task relevance (Potts, 2004). On trials where
an AB was observed, Martens et al. replicated the finding of P3 amplitude reductions for
T2 during the AB interval. They also found that on trials where no blink was observed,
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the P3 occurred earlier to both TI and T2 in non-blinkers than in blinkers, with the
latency difference being largest for T2. This suggests that non-blinkers achieve stimulus
identification earlier for both targets compared to blinkers. Non-blinkers also showed
larger P3 amplitudes than blinkers for both TI and T2 on trials without a blink. Nonblinkers also demonstrated a larger FSP following TI in target trials compared to notarget trials, and less averaged activation to distracters in no-target trials. The FSP is
interpreted to represent a process that selects which information should be consolidated
into WM. In the context of an AB, the relevant information is more likely to be selected
if the FSP is larger to targets than distracters. Thus, correct target information selection
appears more efficient and effective in non-blinkers than in blinkers. The greater
activation to distracters in the no-target condition for blinkers versus non-blinkers also
seems to support the possibility that the AB is increased when distracters are stronger
competitors for conscious identification. Thus, non-blinkers appear more able to select
targets and ignore distracters, and as a consequence they are more efficient at encoding
targets into awareness. This may minimize T2s wait during the bottleneck, and reduce the
likelihood that T2's representation will decay while waiting to be encoded into
awareness.
In summary, the P3 offers a reliable measure of the allocation of attentional
resources to TI and T2 in the AB paradigm. The overinvestment hypotheses ofOlivers
and Nieuwenhuis (2006) and Arend et aL (2006) propose that diffused and focused
attentional states (which can be modulated by affect) differ in the allocation of resources
to TI, T2 and distracters. Thus, predictions of the overinvestment hypotheses regarding
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attentional allocation in different participant states can be tested by examining the P3
during the AB.

The Contingent Negative Variation
Fredrickson (2001) and Olivers and Nieuwenhuis (2006) propose that positive
affect should induce a diffuse attentional state, and that negative affect should induce a
focused attentional state. The contingent negative variation (CNV) is an ERP thought to
reflect anticipatory, orienting responses to imperative stimuli following a cue, and is
modulated by subjective expectations (Tecce, 1972). For example, a large CNV would be
expected if a participant was focused and eagerly awaiting a target stimulus, but a smaller
CNV would be expected if a participant was relaxed and carefree about the impending
target. Therefore, if negative affect results in a focused attention, it may also result in a
stronger anticipatory response to the task, and an increased CNV. Positive mood may
result in diffused attention (i.e. reduced vigilance), a reduced anticipatory response, and a
decreased CNV.
The CNV is a negative wave following a warning stimulus and was first observed
by Walter, Cooper, Aldridge, McCallum and Winter (1964). Walter et al. used clicks and
flashes as warning and imperative stimuli separated by a 1 second fore-period. They
found that subjective expectancies of probability determined the strength ofthe response.
When participants were conditioned to expect the imperative stimulus, the CNV
increased, but when probability of the imperative stimulus was uncertain the CNV was
reduced. The CNV is often divided into two sub-components: an early component and a
late component. The early component of the CNV appears to be a relatively pure
reflection of readiness anticipation and can be manipulated voluntarily by asking
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individuals to "think high", and try to perform in order to yield a large CNV, or to "think
low" and try to yield a smaller CNV response (McAdam, Irwin, Rebert & Knott, 1966).
The participants described "thinking high" as trying very hard to anticipate the imperative
stimulus following a warning cue and a 1.5 second fore-period, or by thinking of the
imperative stimulus as being a very elusive target requiring a great deal of anticipation
and a very intense response. The late CNV component has been proposed to reflect
preparatory "set" (Loveless & Sanford, 1974). These authors measured RT and CNV to a
simple stimulus response task following a warning cue and a 4-second fore-period. They
ran the same participants under three difference conditions meant to manipulate
preparatory set: the response set condition stressed the importance of responding as
quickly as possible to the imperative stimulus; the stimulus set condition stressed the
importance of avoiding premature responses; and the normal set condition instructed the
participant to respond as quickly as possible while avoiding premature responses. The
early CNV component was unaffected by instruction condition. RTs were longest for
sensory set and shortest for the response set, indicating that the individuals adapted to the
instructions. There was also an inverse relationship between the amplitude of the late
CNV component and RTs. The authors interpreted this as a response to the perceived
level of intensity required by the expected imperative stimulus. When the instructions
stressed that a great deal of intensity would be required as soon as the imperative
stimulus arrived (the response set condition) then the CNV was enhanced compared to
normal performance. When the instructions stressed that low intensity would be required
by the expected imperative stimulus (the stimulus set condition) then the CNV was
reduced compared to normal performance. They also noted that normal performance in
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tenns of both RT and CNV amplitude was closer to the response set condition. This may
imply that naturally occurring, or default, preparatory set was to expect that the stimulus
would require moderate intensity. The late CNV component is not only sensitive to
instructional manipulations, but also to the expected affective quality or significance of
an upcoming stimulus (e.g., Brunia, 1988). For example, the CNV was smaller when the
participants expected arousing/negative pictures such as those showing mutilations
compared to when they expected more emotionally neutral pictures (Klonnan & Ryan,
1980), but larger when expecting highly interesting stimuli (Simons, Ohman & Lang,
1979). It has also been suggested, however, that the late component of the CNV is a
summation of several different readiness potentials (RP) that occur prior to any expected
event, stimulus or response, and so, the CNV is somewhat confounded with motor
response preparation (Brunia, 2004).
Tecce (1972) proposed a two process theory for the CNV. In this model attention
is related to CNV amplitude in a positive linear fashion. Attentional manipulations
modulate the amplitude of the CNV. For example, distractions of various kinds have been
shown to reduce the amplitude of the CNV both when inserted between the warning and
imperative stimulus and concurrent with the entire trial (McCallum & Walter, 1968;
Tecce & Scheff, 1969; Walter, 1967). Instructions to concentrate attention have also been
shown to increase CNV amplitude (McCallum & Walter, 1968). This evidence Tecce
(1972) interprets in his model as indicating more attention equals a larger CNV. Arousal
is also related to CNV amplitude in this model, but the relationship between arousal and
the CNV has been suggested to be an inverted-U function that resembles the relationship
between phasic arousal and attention.
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Summary
Given that the CNV is conceptualized in the literature as related to levels of
attention and anticipatory preparation, this component can be used to test the
overinvestment hypothesis and Olivers and Nieuwenhuis's (2006) hypothesis for the
relationship between affect, diffusion and the AB. In this study, the CNV, P3, alpha and
theta EEG (to measure physiological arousal), and distracter activation are used to
investigate the relationship between affect and the AB, and to test the overinvestment
hypothesis of Olivers and Nieuwenhuis (2006).
The Proposed Study

Rationale
Affect has been shown to influence the AB such that positive affect reduces the
size of the AB (MacLean et aI., provisionally accepted; Olivers & Nieuwenhuis, 2006)
while negative affect increases it (MacLean et aI., provisionally accepted; Rokke et aI.,
2002). Olivers and Niewenhuis (2006) provide a hypothesis that can explain the
relationship between affect and the AB. Their overinvestment hypothesis proposes that
diffusion of attention prevents the over-allocation of attentional resources that typically
allows distracters to interfere with T2 and reduce its probability of accurate report.
Focusing of attention would therefore increase the size of the AB by exacerbating the
overinvestment, making distracters even more likely to interfere with T2. Based on
literature that positive affect broadens or diffuses attention, while negative affect focuses
attention (e.g., Fredrickson, 2001), Olivers and Nieuwenhuis (2006) propose that positive
affect reduces the size of the AB by inducing a diffused attentional state, while negative
affect increases the size of the AB by inducing a focused attentional state.
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Using behavioural measures alone, it is difficult to know if affect modulates the
AB in the manner proposed by Olivers and Nieuwenhuis (2006). However, the Olivers
and Niewenhuis theory makes specific predictions about the amount of processing targets
and distracters should receive in different mood states, and these can be examined using
ERPs. This study employs ERPs to investigate the relationship between affect and the AB
in the context ofOlivers and Nieuwenhuis' (2006) overinvestment hypothesis.
Participants performed an AB task while ERPs were acquired. EEG was also recorded
while participants performed a Go-task to elicit a CNV, for the purpose of measuring
disposition toward anticipatory preparation of attention. EEG recordings were also
undertaken to measure levels of alertness. In addition to the AB task, participants
provided self-report measures of affect and personality. Affect was not induced in this
study.
Following from previous studies of the AB and the P3 (Martens et aI., 2006a,
2006b), the amplitude of the P3 component, time-locked to Tl, was conceptualized in
this study as a reflection of the degree of post-perceptual attentional processing dedicated
to Tl. The CNV component was conceptualized in this thesis as an index of the degree of
anticipatory preparation of attention (Tecce, 1972) just prior to the start of each RSVP
stream. Following Martens et al. (2006b), average ERP amplitude across an epoch on
distracter only trials was conceptualized in this thesis as reflecting the amount of
processing resources invested in distracters.
This study also employs several self-report measures of affective traits and states
that are relevant to the Olivers and Nieuwenhuis (2006) overinvestment hypothesis and
that have been shown to modulate the AB (MacLean et aI., provisionally accepted).
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Positive and negative affect was measured both as a trait and a state using existing selfreport Likert scale measures. Arousal was also measured, using both a self-report item
and EEG recordings.
In addition to looking directly at the constructs included in Olivers and
Nieuwenhuis' (2006) overinvestment hypothesis, this study also examined personality
measures that might further define the individual differences related to AB magnitude
and the relationship of affect to AB magnitude. For this purpose, personality traits
included in the Five-Factor Models (FFM or the "Big 5") were measured using the NEOPI-R. These traits include Neuroticism, Extraversion, Openness, Conscientiousness and
Agreeableness (Costa & McCrae, 1992a; Goldberg, 1992). The FFM of personality is a
the dominant model of personality with valid and reliable personality dimensions that
demonstrate stability over the lifespan, heritability and replication across gender and
culture (Costa & McCrae, 1992b; McCrae, Costa, del Pilar, Rolland & Parker, 1998).
Given that this examination of personality and the AB is exploratory in nature, it seemed
appropriate to start with the leading model of personality. These factors also have
demonstrated relationships and similarities with constructs important to this study and the
overinvestment hypothesis.
The facets of neuroticism include anxiety, anger, hostility, depression, selfconsciousness, impulsiveness and vulnerability (Costa & McCrae, 1992a). The first four
of these facets could be considered as negative affectivity, and indeed neuroticism has
been positively related to a greater likelihood of experiencing unpleasant states either low
or high in activation (Yik & Russel, 2001). Neuroticism has also been positively
correlated with both the trait and state negative affect (NA) scale of the PANAS, where
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trait NA fully mediated the relationship between neuroticism and state NA (Nemanick &
Munz, 1997). However, other studies provide evidence that neuroticism may be related to
intensity of affect (McFatter, 1998) or the positive-negative dimension more generally
(Yik & Russel, 2001).
The facets of extraversion include warmth, gregariousness, assertiveness, activity,
excitement seeking, and positive emotions (Costa & McCrae, 1992a). Two of those facets
(warmth and positive emotions) could be considered as positive affectivity, and
extraversion has been proposed as the factor most closely aligned with positive affect.
Extraverts, in opposition to neurotics, are more likely to experience positive and activated
states (Yik & Russel, 2001). Extraversion has also been positively correlated with both
the state and trait positive affect (P A) scale of the PANAS, with trait PA mediating the
relationship between extraversion and state PA (Nemanick & Munz, 1997).
The facets of conscientiousness include competence, order, dutifulness,
achievement striving, self-discipline and deliberation (Costa & McCrae, 1992a).
Conscientiousness has been found to correlate with measures of self monitoring ("self
attentiveness"; Trapnell & Campbell, 1999). Conscientiousness was also found to be
negatively related to performance in a change-task paradigm which suggests some
perseveration cost (Le Pine, Colquitt & Erez, 2000). This effect was confined to those
facets related to dependability (dutifulness, deliberation, and order) not those related to
volition (competence, achievement striving, and self-discipline). The perseveration, or
inability to change tasks, is similar to the 'focus' construct of the overinvestment
hypothesis.
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The facets of openness, or openness-to-experience, include fantasy, aesthetics,
feelings, values, actions and ideas (Costa & McCrae, 1992a). Openness is often
associated with intellect, or the desire to engage intellect with, for example, problemsolving (Ferguson & Patterson, 1998). Individuals high in openness also demonstrate
ability to adapt performance in a change-task paradigm (Le Pine, Colquitt & Erez, 2000).
The final factor of agreeableness consists of the following facets: trust, straightforwardness, altruism, compliance, modesty and tender-mindedness (Costa & McCrae,
1992a). Of all the factors it is the only one that lacks any facet or empirical evidence
linking it with the constructs of the overinvestment hypotheses.
The evidence supports the five-factor model as having potential links to the
constructs central to this thesis, specifically positive affect (extraversion), negative affect
(neuroticism), focus (conscientiousness), and diffusion (flexibility and adaptability of
cognition in openness). If any of these trait measures are able to predict either AB
magnitude, ERPs, or possibly to interact with the relationship between affect and AB
magnitude, it would provide an opportunity to understand those traits associated with the
individual differences observed in the Olivers and Nieuwenhuis effect (2005, 2006).
Hypotheses
Predicted relationships with affect. If positive affect leads to diffuse attention, and
diffuse attention is beneficial to AB performance by reducing the typical overinvestment
of attention to RSVP targets and distracters, as specified by the Olivers and Niewenhuis
(2006) overinvestment hypothesis, then the following results are expected when we use
an individual differences approach:
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(1) Measures of positive affect should be negatively related to AB magnitude and TI
accuracy as observed by MacLean et al. (provisionally accepted).
(2) Positive affect should be negatively related to TI-P3 amplitude, as individuals
with high positive affect should have more diffuse attention and invest relatively
less attention in T 1.
(3) Positive affect should be negatively related to CNV amplitude, as individuals with
high positive affect should have more diffuse attention and be less focused and
eager while awaiting the RSVP stream.
(4) Positive affect should be negatively related to average amplitude on distracter
trials, as individuals with high positive affect should have more diffuse attention
and invest relatively less attention in processing RSVP distracters.
If negative affect leads to focused attention, and focused attention is detrimental
to AB performance by increasing overinvestment of attention to targets and distracters,
then the following results are expected:
(1) Measures of negative affect should be positively related to AB magnitude as
observed by MacLean et al. (provisionally accepted) and Rokke et al. (2002).
(2) Negative affect should be positively related to TI-P3 amplitude, as individuals
with high negative affect would have more focused attention and invest relatively
more attention in TI.
(3) Negative affect should be positively related to CNV amplitude, as individuals
with high negative affect should have more focused attention and be more focused
and eager while awaiting the RSVP stream.
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(4) Negative affect should be positively related to average amplitude on distracter
trials as individuals with high negative affect should have more focused attention
and invest relatively more attention in processing RSVP distracters.
(5) Measures of valence (PA-NA) should be negatively related to AB magnitude as
observed by MacLean et al. (provisionally accepted), as individuals with a greater
preponderance of P A over NA should have more diffused attention and thus
smaller AB magnitudes.
(6) Measures of arousal (PA+NA, and single-item measure) may be positively related
to AB magnitude, although this relationship could also possibly be nonmonotonic given the inverted-V-shaped relationship between arousal and
attention.
Predicted relationships between the AB & electrophysiological measures. Based on
the findings of Martens et al. (2006ab), and the overinvestment hypothesis of Olivers and
Niewenhuis (2006), the following relationships are expected:
(1) TI-P3 amplitude should be positively related to AB magnitude as observed by

Martens et al. (2006a). Furthermore, the relationships between positive affect,
negative affect and valence with AB size, should be mediated (at least in part) by
P3 amplitude.
(2) CNV amplitude may be positively related to AB magnitude. Furthermore, the
relationships between positive affect, negative affect and valence with AB size,
should be mediated (at least in part) by CNV amplitude.
(3) Average distracter amplitude should be positively related to AB magnitude as
observed by Martens et al. (2006b). Furthermore, the relationships between
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positive affect, negative affect and valence with AB size, should be mediated (at
least in part) by average distracter amplitude.

Predicted relationships with personality variables. Although personality variables
were not explicitly mentioned or examined by Olivers and Niewenhuis (2005,2006), the
overinvestment hypothesis emphasizes constructs such as positive affect, negative affect,
diffusion and focus, which are related and integral to facets of the FFM personality
dimensions. Based on these relationships, the following results are predicted:
(1) Measures of conscientiousness may be positively related to AB magnitude, T 1-P3
amplitude, CNV amplitude, and average distracter amplitude in that increased
conscientiousness should lead to increased attentional effort and focus on the
RSVP task.
(2) Measures of neuroticism may be positively related to negative affect, AB
magnitude, TI-P3 amplitude, CNV amplitude, and average distracter amplitude,
and negatively related valence and positive affect, in that several facets of
neuroticism reflect negative affect (anxiety, hostility, depression), and
neuroticism has been shown previously to relate to measures of negative affect.
(3) Measures of extraversion may be positively related to positive affect, and valence,
and negatively related to negative affect, AB magnitude TI-P3 amplitude, CNV
amplitude, and average distracter amplitude in that some facets of extraversion
reflect positive affect and extraversion has been linked to positive affect.
(4) Measures of openness to experience may be negatively related to AB magnitude
TI-P3 amplitude, CNV amplitude, and average distracter amplitude in that
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openness to experience is associated with flexibility and adaptability of cognition
which is similar to the concept of diffusion.
(5) The final of the five-factor model dimensions, agreeableness, will also be
measured, but no specific predictions are made with respect to its potential
relationships with AB magnitude, affect, or ERP variables.
Methods
Participants
The participants were 31 Brock University undergraduate students, recruited
through the Brock Psychology Department's online system for participant recruitment.
The data from one participant were excluded due to close to chance performance on the
RSVP task (first target accuracy was 53%, and second target accuracy was 13%), and the
data from another participant were excluded due to an error in the EEG recording. The
final sample included 29 participants, 17 females, 11 males, and one undisclosed. Ages
ranged from 18 to 28, with a mean age of 20.1 years. All participants reported speaking
English as their first language, and no uncorrected sensory impairments. Six participants
reported having experienced head trauma resulting in a loss of consciousness, and three
participants reported having an affective disorder, for which one was medicated; affective
data for these individuals was within one standard deviation of the mean and so their data
were not excluded. None of the participants reported any perceptual or cognitive
impairment.
Materials
Positive-affect, negative-affect schedule. The PANAS (see Appendix A.4)
consists of20 items: 10 positive items and 10 negative items. Positive items include
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"interested", "excited", "strong", "enthusiastic", "proud", "alert", "inspired",
"determined", "attentive", and "active". Negative items include "distressed", "upset",
"guilty" , "scared", "hostile", "irritable", "ashamed", "nervous", "J. ittery", and "afraid" .
An additional focus item ("focused"), and three additional diffusion items ("bored",
"relaxed", and "sleepy") also appeared on the PANAS to help examine constructs of
focus and diffusion as used in Olivers and Nieuwenhuis' overinvestment hypothesis
(2006). The participants were asked to respond to each item on a scale from 1 ("not at
all") to 5 ("extremely") reflecting how much this affective state characterized how they
usually felt on average.
NED-PI R. The NEO-PI R short form was used to measure all ofthe big 5
personality dimensions (neuroticism, openness to experience, conscientiousness,
extraversion and agreeableness). The NEO-PI R (see Appendix A.5) was given to the
participants in the standard single questionnaire format with the items for each dimension
pseudo-randomly mixed. Each personality dimension has a total of 10 items, 5 negatively
scored items and 5 positively scored items, for a total of 50 items. The participants were
asked to rate each item on a scale from I ("very inaccurate") to 5 ("very accurate") based
on how accurately it described them.

Emotions report/orm. The ERF consists of 10 items: 5 positive affect items and 5
negative affect items (see Appendix A.6). The positive items include "amusement",
"contentment", "happiness", "joy", and "serenity". The negative items include "anger",
"anxiety", "disgust" "
"fear" and "sadness"
. An additional 3 focus items ("focused",
"attentive", and "interest") and 3 diffusion items ("bored", "relaxed", and "sleepiness")
were also presented with the ERF. Participants were asked to rate each item on a scale
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from 1 ("not at all") to 8 ("a great deal") for how they felt at that moment for the pre-test
measure, and for how they felt while performing the RSVP task for the post-test measure.
Design and Stimuli
Offline CNV. The Go-task performed separately from, and in advance of, the
RSVP task, will be referred to here as the "offline CNV task" due to the fact that the
CNV is being collected on a different set of trials than the RSVP measures. This task
consisted of a single block of 50 trials. Each trial began with a fixation cross displayed
for 250 ms, followed by a 2000 ms foreperiod, an imperative stimulus for 250 msec, and
a variable inter-trial interval of 3 to 7 seconds distributed equally across stimulus identity
and randomly across trials. The imperative stimulus was either an uppercase 'M' or

'z' in

black font presented on a white background. Participants were instructed to indicate
which letter appeared by pressing that letter's key on the keyboard as soon as it appeared.
Speed and accuracy were emphasized in the instructions given by the experimenter.
Alpha attenuation task. There were five recording sessions of four minutes resting
EEG: one session before the RSVP task and one session during each break between the
five blocks of RSVP trials. Each recording session consisted of two minutes of recording
with eyes open and two minutes of recording with eyes closed. The participants were
given instructions for these sessions on the computer screen and speakers. A tone
presented over the speakers indicated the beginning and end of each 30 second eyesclosed/eyes-open block.
RSVP task. The RSVP task consisted of five blocks of 140 trials. Of the 700 total
trials, 100 were no-target trials, and 600 were dual-target (Tl and T2) trials. On half of
the dual-target trials T2 was presented 3 items after Tl (lag 3) and on the other halfT2

62
was presented at lag 8. To isolate the P3 time-locked to TI, on 80% of the trials at each
lag (240 trials) TI was a string of five repeated uppercase letters (e.g., BBBBB) chosen
randomly from the letter set B, C, D, E, F, N, P, S, U, X, or Z. On the other 20% of trials
at each lag, TI was a string of five repeated lowercase letters (e.g., bbbbb) chosen
randomly from the same letter set. All trial types were presented randomly within each
block with the constraint that in each block there were 20 no-target trials, and each lag
had 48 trials where Tl was in uppercase letters, and 12 trials where Tl was in lowercase
letters.
Each trial began with a fixation cross (500 ms), followed by a fore-period of2
seconds before the onset of the RSVP stream. It was expected that during this 2 second
delay a CNV would develop in anticipation of the start of the RSVP stream (referred to
hereon as the "online CNV" because the CNV was gathered from the same RSVP trials
as the RSVP measures). The RSVP stream consisted of 18 word stimuli with an item-toitem stimulus onset asynchrony (SOA; time from onset of stimulus 1 to onset of stimulus
2) of 117 milliseconds (accounting for monitor refresh rate of 60 Hz). Tl was always the
6th item in the stream, meaning that T2 occupied stream position 9 on lag 3 trials and
position 14 on lag 8 trials. Tl was a string of five letters presented in white font on a gray
background. T2 was the lone color word (green, yellow, brown, blue, orange, purple,
pink, silver, black, or white) in the stream, and appeared in black uppercase letters. The
distracter items consisted of non-color affectively neutral words also presented in black
uppercase letters. Two hundred milliseconds after the end of each stream, a sentence
appeared on the screen asking participants whether the white letter string was in upper- or
lower-case letters. They pressed's' on a keyboard if the letter string was in lower-case
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letters (rare task defined target) and 'c' ifthe letter string was in upper-case letters
(common task defmed target). Immediately after their TI response, a sentence appeared
asking participants what color word was presented as T2. Participants pressed a keyboard
key corresponding to the colour identity (participants were provided with a legend
attached to the keyboard indicating which letter on the top-row of the keyboard letters Q,
W, E, R, T, Y, U, I, 0, and P, corresponded to which color). Both TI and T2 responses
were unspeeded and accuracy was emphasized. Participants were told that some of the
trials would contain no targets. On no-target trials participants were informed to simply
press the spacebar to initiate the inter-trial interval. There was a variable inter-trial
interval of 1-4 seconds after the colour key or spacebar were pressed. Inter-trial intervals
were equally distributed across trials. ERP triggers were time-locked to the onset ofTI
(or where TI would have appeared on no target trials) and carried information about the
trial condition (task-defined rare or common T1, lag 3 or 8, targets present or not).
Stimulus presentation and participant responses were controlled using E-Prime
software (Schneider, Eschman, Zuccolotto, 2002) operated on a Sony V AIO desktop
computer with a CRT monitor with a refresh rate of 60 Hz.
Procedure
Participants were given an informed consent form (see Appendix A.2) to review
and complete at the beginning of the test session. The participant then completed the
questionnaire package that included the following: a demographic and participant
information questionnaire (see Appendix A.3), the PANAS (Watson, Clark & Tellegen,
1988), the NEO-PI R short form (Costa & McCrae, 1992a, obtained from www.IPIP.org;
Goldberg, Johnson, Eber, Hogan, Ashton, Cloninger, & Gough, 2006). All personality
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and affect measures were given in paper and pencil format. After completion of these
questionnaires, the electrode cap was fitted and prepared on the participant. Following the
EEG set-up, participants were asked to complete the Emotions Report Form (ERF;
Fredrickson & Branigan, 2005). In addition, participants were asked to rate their current
level of "alertness", meaning their activity level at that time by marking anywhere on the
line provided (from "sleepy" to "extremely excited/anxious"). They also rated their
current affective valence by marking anywhere on the line provided (from "extremely
negative" to "extremely positive") and their current level of affective intensity (from
"low" to "high"; see Appendix A.7). Once the participant had indicated that they had
completed the affect measures, the experimenter verbally explained the offline CNV task
using a prepared script. The experimenter monitored the participant while they completed
several practice trials to ensure the participant understood how to perform the task
correctly. The offline CNV task took approximately 10 minutes to complete. Following
the end of the offline CNV task the experimenter initiated the alpha attenuation task, all
instructions were given via the computer screen, and eyes-open/eyes-c1osed blocks were
indicated with a tone presented over speakers. Following the alpha attenuation task the
experimenter verbally explained the RSVP task using a prepared script. The experimenter
again watched the participant perform several practice trials to ensure the participant
understood how to perform the task correctly. The RSVP task took approximately two
hours and participants performed the task alone in a room separate from the
experimenter. Before each RSVP block the participant performed the alpha attenuation
task. Once the participant had completed the RSVP task, they were asked to fill out the
emotions report form again. Following this, the electrode cap was removed and the
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participants were debriefed and compensated. Participants chose either $40 or 2 hours of
research participation toward the completion of a course requirement and $20 for
compensation. The entire testing session took 3.5-4 hours.
EEG Acquisition
EEG was recorded continuously during the RSVP and off-line CNV tasks using
tin electrodes embedded in an Electro-cap© (Electro-cap International Inc., Eaton, Ohio)
from 60 scalp sites distributed according to the 10-20 system, with an electrode placed
anterior to Fz as ground. EEG was recorded using linked left and right earlobes as
reference. EEG data were acquired with Neuroscan acquisition software (Compumedics
USA, Charlotte, North Carolina) running on a Sony VAID Pentium 4 desktop PC, and
using two 32-channel NeuroScan SynAmps. Data were sampled at a rate of 500 points
per second with DC open. Electro-oculogram (EOG) recorded horizontal eye movements
using electrodes placed on the outer canthus of each eye, and vertical eye movement and
blinks using electrodes placed on the infra- and supra- orbital regions of each eye.
Impedance for both the EEG and EOG was maintained below 15 ill.
EEG Analysis
Using Neuroscan software, epoched data was corrected for electro-oculogram
activity. The software uses an algorithm that calculates the amount of covariation
between each EEG channel and a vertical EOG channel and removes the EOG from each
EEG electrode on a sweep-by-sweep, point-by-point basis to the degree that the EEG and
EOG covaried. Data were filtered using a band-pass, with zero-phase shift, a low-pass of
12 Hz at 12 dB/octave and a high-pass of .01 Hz at 12 dB/octave. Epochs from -3250 ms
prior to T1 presentation to 1320 ms after T1 presentation were created. This epoch begins
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200 ms before the onset of the fixation cross, defined as the baseline period, the fixation,
the 2,000 ms fore-period, and the entire RSVP stream. Epochs were baseline corrected
using the 200 ms period before the onset of the fixation cross. Epochs were rejected if
they contained activity exceeding ±75 ).tV in all channels except reference and EOG
electrodes. Each accepted epoch was subsequently visually inspected for the presence of
artifacts, and rejected if any were found.
P3. For each participant, epochs were averaged across lags, Tl type, and T2
outcome, as well as for each T2 outcome at each lag, resulting in five separate raw P3
average waveforms. Each participant's average waveform on the frequent trials was then
subtracted from their average waveform on infrequent trials producing a P3 difference
waveform (P3dw) time-locked to Tl (averaged across lag, and T2 outcome). This
difference wave approach allows the removal the steady-state evoked response, and
component overlap caused by the rapid presentation rate of RSVP. This difference wave
approach has been used extensively to isolate specific components such as the P3 when
using RSVP (e.g., Arnell, 2006; Luck, 1998; Vogel, Luck & Shapiro, 1998). The P3
difference wave approach works on the assumption that the subtraction will cancel out
activation from all other stimuli, and earlier perceptual processing ofTI which should not
be sensitive to the task-defined probability manipulation. This will leave only postperceptual activation sensitive to the frequency manipulation ofTI. If this assumption is
true, then all activation not due to the frequency manipulation should be eliminated after
the subtraction, thereby isolating the P3 to the target (Luck, 1998). The raw P3 and the
P3dw were scored as the mean 1 positive amplitude of the difference wave (identified
manually) for each lag that occurs between 300- to 800-msec after the onset ofT! at
1

All relationships remained the same when summed amplitude was used.
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electrode site Pz. Half fractional area latency (the latency at which half of the mean area
ofthe raw P3 or P3dw was attained) was used as the latency measure.
Contingent negative variation (CNV) . The on-line (acquired from the foreperiod
preceding each RSVP trial) and offline (acquired from the foreperiod preceding each
imperative stimuli in the Go-task) CNV was scored time-locked to the fixation stimulus.
Epochs were averaged over all trials, and also separately for T2 correct and incorrect
trials in the case of the on-line CNV. For each average, overall CNV amplitude was
defined as the mean amplitude during the 2000 msec following the fixation stimulus at
Cz. The CNV was defined as the negativity following the P300 to the fixation cross «
600-msec) to the onset ofthe imperative stimulus (first RSVP item for online CNV, gostimulus for offline CNV).
Distracter activity analysis. Following Martens et al. (2006b), distracter activation
was scored as the average amplitude from first to last RSVP item at sites F7, F8, just
above the lateral prefrontal cortex, and Pz, P07 and P08.
Spectral analysis. Data from the alpha attenuation task were artifact-rejected
manually using visual inspection. The data were epoched into I-second sections with
75% overlap, and Fast Fourier Transform (FFT) values were calculated using a Hanning
window for each condition (eyes open and eyes closed; Stampi, Stone, & Michimori,
1995). FFT values were log transformed prior to statistical analysis due to skewed nature
of data. Alpha (8-12 Hz) and Theta (4-8 Hz) EEG power values were obtained at sites F3,
F4, C3, and C4. Ratios of alpha in the eyes closed and eyes open conditions (alpha
attenuation coefficient; AAC) were then calculated for each site, as were ratios of alpha
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to theta power, which reflect EEG slowing. Higher ratio values for both ratios indicate
higher levels of alertness.
Data Analysis
Pearson product correlation coefficients were computed to examine bivariate
relationships between affect/personality measures and RSVP performance,
electrophysiological measures and RSVP performance, as well as between
affect/personality measures and electrophysiological measures. Regressions was carried
out where appropriate (see Baron & Kenny, 1986) to investigate hypothesized mediated
relationships. Repeated measures ANOVA with lag was be used to detect the presence of
anAB.
Results
Data Examination
One participant did not produce an AB (i.e., their short lag performance was the
same as their long lag performance). The data from this participant were not removed
however given that conceptually and statistically it was more desirable to include the
individual without an AB. AB magnitude in this case is treated as a continuous variable
for the purpose of examining individual differences, and to remove this individual would
restrict the range. This individual's AB magnitude was within three standard deviations
of the mean, and so is not considered an outlier. Histograms of all variables were
examined for outliers (defined as values more than three standard deviations from the
mean). Outliers are reported here, and were removed prior to data analysis.
Kolmogorov-Smimov one-sample tests were performed on every variable to test
for the assumption of normality. None of the distributions for any of the variables were
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indicated to deviate significantly from nonnal by the Kolmogorov-Smimov test.
Scatterplots were examined for the linearity or non-linearity of significant relationships
and trends. Scatterplots of all significant relationships with AB magnitude are included in
Appendix B. Correlations of standardized predicted values with standardized residuals

and Durbin-Watson tests were examined in the case of significant relationships to test for
homoscedasticity. No significant violations ofhomoscedasticity were observed.
RSVP Performance

Mean first target (Tl) accuracy was 88.3% (SD

=

11.2), and ranged from 57% to

98% for individual participants. Second target (T2) accuracy was calculated by averaging
T2 accuracy across the two TI-T2lags. Mean T2 accuracy was 76.9% (SD = 11.3), and
ranged from 52% to 95% for individual participants. Mean accuracy at the short lag was
65.2% (SD = 16.7), while mean accuracy at the long lag was 87.9% (SD

=

8.5). A

repeated-measures one-way ANOVA with lag as the within-subjects factor revealed a
significant effect oflag (F (1,28) = 74.99,p < .001), such that mean T2 accuracy
increased from the short to the long lag, indicating the presence of an AB (see Figure 5).
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Figure 5. Plot ofT2 accuracy by Tl-T2Iag, showcasing the AB.
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AB magnitude was calculated by subtracting short lag performance from long lag
performance, and thus represents the percent difference in accuracy between the short
and long lag. Mean AB magnitude was 22.7% (SD = 14.1), and ranged from 0 to 64% for
individual participants. T2 performance, as measured here, was not conditionalized on Tl
performance as is often done with RSVP performance data (i.e., T2 accuracy was
calculated using all trials, regardless of whether Tl performance on a given trial was
correct or not). However, all analyses were also completed with a conditionalized
measure ofT2 performance (i.e., using only Tl correct trials) and all reported
relationship patterns remained the same. T2 performance is not typically conditionalized
on Tl performance when examining individual differences in the AB paradigm, as Tl
accuracy and T2 accuracy are often used in regressions as simultaneous predictors of AB
magnitude. If T2 performance were conditionalized (and thus AB magnitude as well,
which is calculated using T2 accuracy at each lag) any possible relationship between Tl
accuracy and these other measures would be obscured.
RSVP Performance and Trait Affect
Table 1 shows the means, standard deviations, and correlations of RSVP
performance measures (Tl, T2, short lag, long lag accuracy, and AB magnitude) with
trait affect measures (positive affect, negative affect, valence, and activation).
Trait positive affect (tPA) was calculated by averaging scores for the ten positive
PANAS items (interested, excited, strong, enthusiastic, proud, alert, inspired, determined,
attentive, and active). Contrary to our hypotheses, tP A did not correlate significantly with
any of the RSVP performance measures. The range of tP A scores was limited to the tophalf of the 5-point scale used for the PANAS (scores ranged from 2.7 to 4.6).

.......
t---

Table 1
Intercorrelations between Trait Affect and RSVP Performance Measures
M

SD

1. T1 Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

3.

Short Lag Accuracy

65.20

16.72

4.

Long Lag Accuracy

87.90

8.54

5. AB Magnitude

22.7

14.13

6. TraitPA

3.60

.55

7.

TraitNA

1.50

.38

8.

Trait Valence

2.07

.77

9.

Trait Activation

5.11

.53

1

2

3

4

5

6

7

8

9

.68*

.33#

.59**

-.03

.04

.15

-.05

.15

.83**

.75**

-.53**

-.02

-.05

.01

-.05

.54**

-.86**

.08

-.29

.19

-.13

-.03

-.16

.04

-.13

-.14

-.18

.38*

-.31 #

.08

-.38*

.89**

.76**

-.76**

.32

Note: PA = positive affect, NA= negative affect; * indicates p <.05, ** indicates p < .01; n = 29; # indicates n.s. trends (p ~ .15

.38*

72
This may have reduced the ability tPA to predict RSVP performance if the predictive
power of tP A lies in the range between low tPA to moderate tPA scores. tPA and tNA
were significantly negatively correlated, indicating that the two factors behaved as
predicted by models of affect that place P A and NA on opposite ends of the same
continuum (Schimmack & Crites, 2005; Yik, Russell, & Barrett, 1999). This also shows
that the variability in tP A was capable of prediction.
Trait negative affect (tNA) was calculated by averaging scores for the ten
negative PANAS items (distressed, upset, guilty, scared, hostile, irritable, ashamed,
nervous, jittery, and afraid). As hypothesized, tNA was significantly positively correlated
with AB magnitude, indicating that increased tNA is associated with increased AB
magnitude.
Although not significantly (p = .12), tNA was negatively correlated with short lag
performance, but was unrelated to long lag performance, suggesting that tNA is
associated with larger AB magnitudes through its association with lower short lag
accuracy, and not through any association with long lag performance.
Trait valence was calculated by subtracting tN A from tP A, and is thus a measure
of the preponderance of tP A over tNA. Although not significant (p <.10), trait valence
was moderately negatively related to AB magnitude, indicating that a greater
preponderance of tP A relative to tNA is associated with smaller AB magnitudes. Trait
valence remained a moderate predictor of AB magnitude (semi-partial = .33,p = .08)
over and above trait P A when both trait valence and trait P A were included in a
regression as simultaneous predictors of AB magnitude. Trait activation was calculated
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by summing tP A and tNA scores, and represents the amount of overall affect, irrespective
of valence. Trait activation was not related to any RSVP performance measure.
In summary, the correlations of trait affect and RSVP performance generally
followed a pattern that supported the hypotheses in that negative trait affect was
associated with larger AB magnitudes and trait valence, the preponderance of trait
positive affect over trait negative affect, was associated with smaller AB magnitudes
(although does not uniquely predict over and above tPA).

RSVP Performance and State Affect
Table 2 shows the means, standard deviations, and correlations of RSVP
performance measures (Tl, T2, short lag, long lag accuracy, and AB magnitude) with
pre-state affect measures (PA, NA, valence, activation). Pre- and post-state measures of
PA were significantly correlated as were pre- and post-state measures ofNA and valence
(PA-NA). There were no relationships observed with the post-state measure and any
other measure used here that were not also found with the pre-state measure. The prestate measure is also a less contaminated index of state affect as post-state measure may
reflect the affective influence of performing an RSVP task and not the affective state the
participant was experiencing when performing the RSVP task (for example, poor RSVP
performance may decrease state PA and increase state NA). For these reasons, only prestate results will be discussed, which will now be referred to as state affect measures.
State P A was calculated by averaging the scores for the five positive ERF items
(amusement, contentment, happiness, joy, and serenity). State PA was significantly
positively correlated with overall T2 accuracy, and T2 accuracy both at the short and long
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lags. State PA was also significantly negatively correlated with AB magnitude,
suggesting that PA improves short lag performance more than long lag performance.
State NA was calculated by averaging the scores for the five negative ERF items
(anger, anxiety, disgust, fear, and sadness). State NA was moderately, although not
significantly, negatively correlated with short lag accuracy (p

=

.12), and positively

correlated with AB magnitude (p = .09), suggesting that pre-state NA is associated with
greater AB magnitude due to its association with lower short lag accuracy.
State valence was calculated by subtracting state NA from PA. This reflects the
preponderance of state PA over state NA. Valence was significantly positively related to
T2 accuracy, short lag accuracy, and approached significance with long lag accuracy (p

=

.051). It was also significantly negatively related to AB magnitude, indicating that state
valence is associated with a greater increase in short lag performance than long lag
performance, and thus smaller AB magnitudes. When state valence and state PA were
included in a regression as simultaneous predictors of AB magnitude and ofT2 accuracy,
state valence was not a unique predictor of AB magnitude or of T2 accuracy over and
above state PA.
State activation was calculated by summing state PA with state NA. This reflects
the extremity of scores on all items. State activation was significantly positively related to
T2, short lag, and long lag accuracy. Its positive relationship with Tl accuracy also
approached significance (p = .08). State activation was also moderately, although not
significantly, negatively related to AB magnitude.
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Table 2
Intercorrelations between State Affect and RSVP Performance Measures
M

SD

1. TI Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

3. Short Lag Accuracy

65.20

16.72

4.

Long Lag Accuracy

87.90

8.54

5.

AB Magnitude

22.7

14.13

6.

State PA

4.85

1.33

7.

State NA

.58

.64

8.

State Valence

4.27

1.65

9.

State Activation

5.43

1.29

1

2

3

4

5

6

7

8

9

.68**

.33#

.59**

-.03

.27

.11

.17

.33#

.83**

.75**

-.53**

.48*

-.04

.41 *

.47**

.54**

-.86**

.54**

-.29#

.56**

.41*

-.03

.43*

-.06

.37#

.41 *

-.38*

.32#

-.44*

-.24

-.31

.93**

.88**

-.64**

.19

Note: PA = positive affect, NA= negative affect; * indicates p <.05, ** indicates p < .01; n = 29; # indicates n.s. trends (p::::; .15)

.64**
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This indicates that state activation is associated with better overall RSVP perfonnance,
and may also be associated with smaller AB magnitudes due to greater increases in short
lag perfonnance than long lag perfonnance.
In summary, the relationship between state measures of affect and RSVP
perfonnance followed a pattern that supported the hypotheses, although not significantly

in all cases. Positive affect was associated with better T2 accuracy, and smaller AB
magnitudes, while negative affect was moderately (but not significantly) associated with
larger AB magnitudes. Valence, a measure of the preponderance of positive affect over
negative affect, also followed the hypotheses as it was associated (similar to positive
affect alone) with better T2 perfonnance and smaller AB magnitudes, although valence
did not explain significant unique variability over and above state PAin either T2
accuracy or AB magnitude.
RSVP Performance and Single-Item Affect Measures

Valence, arousal and activation, as measured by a single-item where participants
marked anywhere on a line anchored by extremities of that variable, did not correlate
with any ofthe RSVP perfonnance measures or with any ofthe EEG measures. However,
the single-item measure of valence was significantly positively correlated state valence.
The single-item measure of activation was significantly positively correlated with trait
activation, and approached a significant positive correlation with state activation (p =
.06). The single-item measure of arousal had a moderate although not significant positive
correlation with state activation. The means, standard deviations, and correlations of trait,
state affect measures with single-item valence, arousal, and activation measures are
shown in Table 3.
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RSVP Performance and Personality
Table 4 shows the means, standard deviations, and correlations of RSVP
performance measures (Tl, T2, short lag, long lag accuracy, and AB magnitude) with
personality dimensions from the NEG PI-R (neuroticism, extraversion, openness,
conscientiousness, and agreeableness). Each personality dimension was calculated by
averaging the ten items for that measure.
Neuroticism was not significantly related to any of the RSVP performance
measures, although its positive relationship with AB magnitude approached significance
(p = .079). Also, although not significant, the relationships with short and long lag

accuracy were negative and positive, respectively. This pattern provides some support for
our hypothesis that neuroticism would be associated with larger AB magnitudes, by
reducing short lag accuracy. We also hypothesized that the relationship between
neuroticism and AB magnitude may be accounted for by the positive relationship
between neuroticism and NA. Neuroticism was significantly positively related to trait and
state NA, and was also significantly negatively related to trait P A.
Table 5 shows the correlations of personality and affect measures. To investigate whether
the relationship between neuroticism and AB magnitude was mediated by NA, a
simultaneous regression was performed with neuroticism and trait NA as predictors of
AB magnitude. The combined predictors did not account for a significant amount of
variability in AB magnitude, and there was no evidence that either neuroticism (~ = .174,
p = .437, semi-partial = .142) or trait negative affect
.224) acted as a mediator.

(~=

.274,p = .223, semi-partial =

co
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Table 3
Intercorrelations Between Trait and State Affect and Single-Item Valence, Arousal, and Activation Measures
M
1. Trait PA

3.60

.55

2.

TraitNA

1.50

.38

3. Trait Valence

2.07

.77

4. Trait Activation

5.11

.53

5.

State PA

4.85

1.33

6.

State NA

.58

.64

7.

State Valence

4.27

1.65

5.43

1.29

9. Valence

11.82

2.63

10. Arousal

8.03

3.12

11. Activation

6.63

3.95

8. State Activation

Note:

SD

1

2

3

4

-.38*

.89**
-.76**

10

5

6

7

8

9

.76**

.18

-.34

.28

.02

.22

.32

.13

.32

-.18

.76**

-.45*

.19

-.16

-.06

.34

.38*

.22

-.61 **

.41*

-.08

.23

.26

-.08

.05

.19

-.03

.15

.12

.29

.38*

-.31

.93**

.88**

.65**

.32

.21

-.64**

.19

-.25

-.03

.26

.64**

.62**

.27

.07

.55**

.32

.35#

.44*

.25

* indicates p <.05, ** indicates p < .01; n = 29; # indicates n.s. trends (p:::: .15)
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.18

0\
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Table 4
Intercorrelations Between Personality and RSVP Performance Measures
M

SD

1. T1 Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

Short Lag Accuracy

65.20

16.72

4. Long Lag Accuracy

87.90

8.54

5. AB Magnitude

22.7

14.13

6. Neuroticism

2.09

.49

7. Extraversion

3.75

.65

Openness

3.77

.68

9. Conscientiousness

3.64

.73

10. Agreeableness

3.89

.59

3.

8.

1

2

3

4

5

6

7

8

9

10

.68*

.33#

.59**

-.03

-.16

.05

-.09

-.37*

-.19

.83**

.75**

-.53**

-.05

.11

.30#

-.27

-.37*

.54**

-.86**

-.21

.31

.39*

-.03

-.18

-.03

.14

-.16

.39*

-.21

-.27

.33#

-.46*

-.23#

-.09

.05

-.40*

.34

-.39*

-.34

-.08

.18

.19

.24

-.15

Note: * indicates p <.05, ** indicates p < .01; n = 29; # indicates n.s. trends (p :s .15)

.45*

0
00

Table 5
Intercorrelations Between Personality and Affect Measures
M

SD

1.

Neuroticism

2.09

.49

2.

Extraversion

3.75

.65

3.

Openness

3.77

.68

4.

Conscientiousness

3.64

.73

5.

Agreeableness

3.89

.59

6.

Trait PA

3.60

.55

7.

TraitNA

1.50

.38

8.

Trait Valence

2.07

.77

9.

Trait Activation

5.11

.53

10. State PA

4.85

1.33

11. State NA

.58

.64

12. State Valence

4.27

1.65

13. State Activation

5.43

1.29

Note: PA = positive affect, NA = negative affect;

-----

2

3

4

5

6

7

8

9

10

11

12

13

-.40'

.34

-.39'

-.34

-.59**

.58"

-.69**

-.19

-.21

.59**

-.39'

.09

-.08

.18

.19

.41'

-.31 #

.44'

.20

.09

-.46'

.25

-.14

.24

-.15

-.06

-.16

.03

-.17

.08

-.01

.07

.08

.45'

.65"

-.55"

.73**

.27

.19

-.47**

.35

-.03

.34

-.25

.36

.17

.19

-.29

.28

.05

-.38'

.89**

.76**

.18

-.34

.28

.02

-.76**

.32

-.18

.76**

-.45'

.19

.38'

.22

-.61"

.41'

-.08

.05

.19

-.03

.15

-.31

.93**

.88"

-.64"

.19
.64"

* indicates p <.05, ** indicates p < .01; n =

29
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Extraversion was significantly negatively correlated with AB magnitude, and,
although not significant, the relationships with short and long lag accuracy were positive
and negative, respectively. This pattern supports our hypothesis that extraversion would
be associated with smaller AB magnitudes, by increasing short lag accuracy. We also
hypothesized that the relationship between extraversion and AB magnitude may be
accounted for by the positive relationship between extraversion and P A. Extraversion was
significantly positively related to trait PA, but was unrelated to state P A.
Extraversion was, however, also significantly negatively related to state NA, and
its negative relationship to trait NA approached significance (p

=

.10). As neither trait P A

nor state NA was significantly related to AB magnitude a mediated relationship could not
be investigated.
Openness was significantly positively related to short and long lag T2 accuracy,
and its positive relationship with overall T2 accuracy showed a trend toward significance

(p = .11). Openness was also negatively, although not significantly, related to AB
magnitude. This pattern of results is in the direction of our hypothesis that openness
would be related to smaller AB magnitudes. Openness was not related to any affect
measures.
Conscientiousness was unrelated to AB magnitude, although it was significantly
negatively correlated with Tl accuracy. Although this relationship was not hypothesized,
it does follow our hypothesis that conscientiousness would be associated with reduced
target accuracy. This hypothesis is also supported by the negative, although not
significant, relationship with overall T2 accuracy. Although we made no hypotheses
regarding the possible relationships between conscientiousness and affect, there was a
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significant positive relationship between conscientiousness and trait PA.
Conscientiousness was also significantly negatively related to both trait and state NA.
Agreeableness was unrelated to AB magnitude, although it was significantly
negatively correlated with T2 accuracy. There were no hypotheses with regards to the
relationships with agreeableness, although agreeableness was significantly positively
correlated with conscientiousness, which may account for the correlation of
agreeableness with reduced overall T2 accuracy (i.e., the same people who show a
moderately negative relationship between conscientiousness and T2 accuracy might also
score highly on agreeableness). This is supported by the results of multiple regression
analyses on AB magnitude, TI accuracy and T2 accuracy induding agreeableness with
all other personality measures as predictors, where agreeableness was never a significant
unique predictor (see below).
Multiple Regression Models ofPersonality and RSVP Performance
All five personality measures were entered simultaneously as predictors in a
multiple regression predicting AB magnitude (see Table 6). The model accounted for a
significant 41 % of the variability in AB size. Extraversion, neuroticism, and openness
were all significant unique predictors of AB magnitude, showing higher semi-partial
correlations than zero-order correlations. Agreeableness and conscientiousness remained
unrelated to AB magnitude. We suggest that simultaneously regressing neuroticism,
extraversion and openness which were all moderate, if not significant, zero-order
correlates of AB magnitude, removed the common variability accounted for by bias in
using the response scale.
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Table 6
Summary o/Simultaneous Multiple Regression/or Personality Variables Predicting
AB Magnitude (N = 29)
Variable
Neuroticism

t

Semi-partial

p

2.07

.33

.44*

Extraversion

-2.16

-.35

-.38*

Openness

-2.25

-.36

-.43*

Conscientiousness

.89

.14

.19

Agreeableness

.63

.10

.12

Note: R2 =.41,p < .01; * indicates p < .05. When long lag accuracy was added to the
regression only extraversion was no longer significant (p = .057); conscientiousness and
agreeableness remained non-significant predictors.

By removing this variability in response bias, predictive variability in the personality
measures was no longer suppressed.
A simultaneous multiple regression with all five personality measures predicting
T1 accuracy was performed (see Table 7). The model accounted for 28.4% (p = .15) of
variability in T1 accuracy. Only conscientiousness was a significantly unique predictor of
T1 accuracy, such that greater conscientiousness, over and above all other personality
measures, predicted lower T1 accuracy. Neuroticism approached a significant unique
relationship with T1 accuracy (p = .052), such that greater neuroticism, over and above
all other personality measures, predicted lower T 1 accuracy.
A third simultaneous multiple regression with all five personality measures
predicting T2 accuracy was performed (see Table 8). The model accounted for a
significant 41 % of variability in T2 accuracy. Neuroticism, openness, and
conscientiousness were all significant unique predictors of T2 accuracy, such that greater
T2 accuracy was associated with less neuroticism and conscientiousness, and with more
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openness. Extraversion and agreeableness were not significant unique predictors of T2
accuracy.
Table 7
Summary of Simultaneous Multiple Regression/or Personality Variables Predicting
Tl Accuracy (N = 29)
Variable
Neuroticism

t

Semi-partial

-2.05

-.36

-.48

Extraversion

-.09

-.02

-.02

Openness

.91

.16

.19

Conscientiousness

-2.43

-.43

-.57*

Agreeableness

-.35

-.06

-.07

Note: RZ =.28,p = .15; * indicatesp < .05
Table 8
Summary of Simultaneous Multiple Regression/or Personality Variables Predicting
T2 Accuracy (N = 29)
t

Semi-partial

~

-2.14

-.34

-.45*

.59

.09

.10

Openness

2.77

.44

.53*

Conscientiousness

-2.23

-.36

-.47*

Agreeableness

-1.34

-.22

-.25

Variable
Neuroticism
Extraversion

Note: RZ = .41,p < .05; * indicatesp < .05
In summary, the results of the three multiple regressions demonstrate that greater
extraversion, which we hypothesized would be associated with smaller AB magnitude,
does predict smaller AB magnitudes and is unrelated to either Tl or T2 accuracy overall.
This indicates that greater extraversion is not associated with better target accuracy
(either Tl or T2) but with the AB magnitude itself (i.e., the deficit of short lag T2
presentation compared to long lag T2 presentation). Greater neuroticism, which we
hypothesized would be associated with larger AB magnitudes, did predict larger AB
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magnitudes and also predicted worse Tl and T2 accuracy overall. When both T2
accuracy at the long lag and neuroticism were entered as simultaneous predictors of AB
magnitude, neuroticism remained a significant unique predictor, indicating that over and
above long lag accuracy, greater neuroticism is associated with larger AB magnitudes2 .
Greater openness, which we hypothesized would be associated with smaller AB
magnitudes, did predict smaller AB magnitudes and also predicted better T2 accuracy
overall. When long lag performance was added to openness as a simultaneous predictor
of AB magnitude, openness remained a significant unique predictor, indicating that over
and above long lag accuracy, greater openness is associated with smaller AB magnitudes.
Greater conscientiousness, which we hypothesized would be associated with larger AB
magnitudes, did not predict AB magnitude but did predict lower Tl and T2 accuracy
overall. This indicates that greater conscientiousness is associated with worse target
accuracy, but does not influence the AB per se. Similarly, agreeableness was negatively
related to T2 accuracy, but not to AB magnitude.

ERPs and RSVP Performance
P3 and RSVP performance. Table 9 contains the means, standard deviations, and
correlations of the Tl-Iocked raw (i.e., non-subtracted waveforms that are the average of
both frequent and rare Tl trials) P3 amplitude and P3 latency measures with the RSVP
performance measures. Figure 6 shows the grand averaged raw P3 waveform. Neither P3
amplitude nor P3 latency predicted AB magnitude. Raw P3 amplitude was related only to

As AB magnitude is calculated by subtracting short from long lag T2 accuracy AB magnitude can be
modulated by changes in either short or long lag accuracy. However, theoretically long lag performance is
a measure of baseline T2 performance while short lag performance relative to that baseline is the index of
deficit caused by the AB. So, including long lag accuracy in the model accounts for the variability in
baseline T2 performance and any residual variability would be due to fluctuations from that baseline (i.e.
the AB).
2
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long lag T2 accuracy such that greater P3 amplitude was associated with better long lag
accuracy.
Raw P3 amplitude did not relate to T1 accuracy indicating that overall activation
to TI was not predictive of the behavioural T1 outcome. A measure of each individual's
raw P3 amplitude that was corrected for their overall amplitude by subtracting averaged
waveforms on distracter trials from averaged target trials, also did not relate to any RSVP
performance measure (all p's > .40), indicating that an individual's overall amplitude was
not confounding the raw P3 measure. Raw P3 latency was unrelated to any of the RSVP
performance measures.
Table 10 contains the means, standard deviations, and correlations of P3
difference wave (P3dw) amplitude and latency with RSVP performance measures. Figure
7a shows the group averaged subtraction waveform showcasing the P3dw (for
topographical representation of P3dw see Appendix C.1). Figure 7b shows the group
averaged waveforms for rare and frequent T1 types demonstrating the amplitude
difference that results in the difference wave. Amplitudes on rare T1 trials were
significantly larger than on frequent TI trials (t (28) = 4.81,p < .001).
While P3dw latency was also not predictive of any of the RSVP performance
measures, it was significantly correlated with raw P3 latency (r = .47, p = .01), indicating
that the validity of P3dw latency was not compromised by the subtraction. However,
P3dw amplitude was a significant predictor ofTl accuracy such that larger P3dw
amplitudes were associated with better T 1 performance.
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Table 9

Intercorrelations between Raw P3Amplitude and Latency with RSVP Performance Measures
M

SD

1. Tl Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

3. Short Lag Accuracy

65.20

16.72

4. Long Lag Accuracy

87.90

8.54

22.7

14.13

5. AB Magnitude
6.

Raw P3 Amplitude

4.14

3.30

7.

Raw P3 Latency

495

97

Note:

* indicates p <.05, ** indicates p < .01; n = 29

1

2

3

4

5

6

7

.68**

.33#

.59**

-.03

.08

.15

.83**

.75**

-.53**

.17

.09

.54**

-.86**

.25

.15

-.03

.39*

.06

-.06

-.14
.07
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Figure 6. Group average wavefonn for raw P3, averaged across Tl types and lags, at site
Pz. Dotted vertical line indicates Tl onset. Amplitude is measured on the y-axis, time
relative to Tl onset on the x-axis.
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Table 10
Intercorrelations Between P3dw Amplitude and Latency with RSVP Performance Measures
M

SD

1. Tl Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

3. Short Lag Accuracy

65.20

16.72

4. Long Lag Accuracy

87.90

8.54

5. AB Magnitude

22.7

14.13

6. P3dw Amplitude

2.59

1.72

7. P3dw Latency

534

64

Note:

* indicates p <.05, ** indicates p < .01; n = 29

1

2

3

4

5

6

7

.68**

.33#

.59**

-.03

.44*

.05

.83**

.75**

-.53**

.26

-.15

.54**

-.86**

.13

-.15

-.03

.23

-.21

-.01

.05
-.01
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Figure 7. (a) Group averaged waveform for P3dw, averaged across lags, at site Pz. (b)
Group averaged waveforms for rare and frequent Tl types, averaged across lags. The
dotted vertical line indicates Tl onset. The black line represents the rare Tl average,
while the grey line represents the frequent TI average. Amplitude is measured on the yaxis, time relative to Tl on the x-axis.
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As the difference wave is a subtraction, the correlation more specifically indicates that a
greater difference between rare and frequent trials (such that there is greater amplitude on
rare Tl trials than on frequent ones), is associated with better Tl accuracy. The
relationship between Tl performance and P3dw amplitude provides evidence that the
P3dw is indexing investment in Tl and Tl discrimination accuracy.
Contingent negative variation and RSVP performance. Table 11 contains the means,

standard deviations, and correlations of the CNV measures (online and offline) with
RSVP performance measures. A sustained positivity was observed during the foreperiod
from fixation to onset of the RSVP stream (see Figure 8; for topographical representation
see Appendix C.2), where we expected to see the CNV (a sustained negativity). Thus, we
failed to produce a CNV preceding the RSVP stream. This failure to produce a CNV
embedded within the RSVP paradigm replicates the only other known attempt to do so
(Shapiro et aI., 2008). However, the mean amplitude of this sustained positivity,
measured following the P3 to the fixation to the onset of the RSVP stream (M = 2.43, SD
= 2.29) did correlate with Tl performance (r = -.41,p = .03) such that a greater positivity
(or possibly less negativity) was associated with lower TI accuracy. A sustained
negativity (M = -1.57, SD = 2.21) was observed during the foreperiod from fixation to
onset of the letter-stimuli in the offline CNV task (see Figure 9; for topographical
representation see Appendix C.3).
The offline CNV did not significantly correlate with any of the RSVP
performance measures; however, it was moderately, positively related to AB magnitude
(r = .29, p = .12) indicating that higher positive values (i.e., smaller CNVs) were

associated with larger AB magnitudes.

N

0'1

Table 11
Intercorrelations Between CNV Amplitudes (Online and Offline) and RSVP Performance Measures

SD

M

T1 Accuracy

88.31

11.19

2. T2 Accuracy

76.90

11.34

3. Short Lag Accuracy

65.20

16.72

4. Long Lag Accuracy

87.90

8.54

5.

AB Magnitude

22.7

14.13

6.

Online CNV

2.43

2.29

7.

Offline CNV

-1.57

2.21

l.

Note:

* indicatesp <.05, ** indicatesp < .01; n =

1

2

4

3

.68**

5

6

7

.33#

.59**

-.03

-.41 *

.05

.83**

.75**

-.53**

-.20

-.14

.54**

-.86**

-.05

-.14

-.03

-.02

.22

.05

.29#

29; # indicates n.s. trends (p:'S .15)

.20
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Figure 8. Group averaged waveform for the online "CNV", showcasing the sustained
positivity in the foreperiod at site Cz. Epoch extends from 200 ms before onset of fixation
cross (-3250 ms) to onset of RSVP stream (-550 ms). Amplitude is measured on the yaxis, time relative to T 1 on the x -axis.
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Figure 9. Group averaged waveform for the offline CNV at site Cz. Epoch extends from
200-ms preceding the fixation cross to the onset of the imperative stimulus (2000-ms).
The positivity that peaks around 200-ms represents the P3 to the fixation. Amplitude is
measured on the y-axis, time relative to fixation on the x-axis.

The direction of this possible relationship is opposite to that predicted from the
overinvestment hypothesis where smaller CNVs (i.e., less negative/more positive) should
be associated with smaller AB magnitudes. Although it should be noted that, as the
relationship is only a trend, any interpretation should not be considered conclusive.

Distracter activation and RSVP performance. Table 12 shows the means and
standard deviations of summed amplitude area (absolute area under the curve, regardless
of polarity, rectified to be expressed as positive values) on distracter trials from onset of
the RSVP stream to the onset of the last RSVP item at sites F7, F8, and pz and their
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correlations with RSVP performance measures. Figure lOa-c shows averaged waveforms
for distracter trials at sites F7, F8, and pz (for topographical representation of distracter
activation see Appendix CA). None of the correlations between distracter activation and
RSVP measures were significant although there was a pattern of negative relationships
between amplitude area at F8 and pz and target accuracy (both Tl and T2), as well as
positive, although not significant, relationships with distracter activation and AB
magnitude. This pattern of non-significant results is consistent with our hypothesis that
greater activation on distracter trials would be associated with lower target accuracy and
larger AB magnitudes. Mean amplitudes at all three sites were significantly positively
intercorrelated.

Summary of electrophysiological and RSVP findings. In sum, the only significant
relationship between P3 measures and RSVP performance was better Tl accuracy
correlating with larger P3dw. No online CNV was observed, however, greater positivity
occupying the foreperiod was associated with worse Tl accuracy. The offline CNV was
only moderately related with AB magnitude, but in the opposite direction than
hypothesized. Finally, although non-significant, distracter activation was negatively
related to T2 accuracy, and positively related to AB magnitude, as hypothesized.

ERP Measures, Personality & Affect
P3 and affect. Table 13 contains the correlations of raw P3 mean amplitude and
latency with trait and state affect measures (P3dw measures did not correlate with any of
the affect measures). State NA was significantly negatively correlated with raw P3
amplitude, while state valence was significantly positively related.
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Table 12
Intercorrelations Between Mean Amplitude on Distracter Trials at F7, F8, and pz and RSVP Performance Measures
M

SD

1. Tl Accuracy

88.31

11.19

T2 Accuracy

76.90

11.34

3. Short Lag Accuracy

65.20

16.72

4.

Long Lag Accuracy

87.90

8.54

5.

AB Magnitude

22.7

14.13

6. F7 Distracter Activation

3801.61

2014.56

7. F8 Distracter Activation

3735.26

1653.38

8. pz Distracter Activation

4205.96

1929.20

2.

Note:

1

2

3

4

5

6

7

8

.68**

.33#

.59**

-.03

.15

-.24

-.05

.83**

.75**

-.53**

.07

-.30#

-.19

.54**

-.86**

-.08

-.32#

-.31 #

-.03

-.07

-.25

-.29#

.06

.22

.19

.43*

.58**

* indicates p <.05, ** indicates p < .01; n = 29; # indicates n.s. trends (p:S .15)

.45*
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Figure 10. (a) Group averaged wavefonn for distracter trials at site F7. (b) Group
averaged wavefonn for distracter trials at site F8. (c) Group averaged wavefonn for
distracter trials at site Pz. Epoch extends from onset to offset of RSVP stream. The dotted
vertical line indicates the onset ofTI, had it been presented. Amplitude is measured on
the y-axis, time relative to potential Tl position on the x-axis.
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Table 13
Intercorrelations between Raw P3Amplitude and Latency with Trait and State Affect Measures

1. Raw P3 Amplitude
2. Raw P3 Latency

M
4.14

SD
3.30

494.69

97.18

3.

Trait PA

3.60

.55

4.

TraitNA

1.50

.38

5.

Trait Valence

2.07

.77

6.

Trait Activation

5.11

.53

7. State PA

4.85

1.33

8. State NA

.58

.64

4.27

1.65

5.43

1.29

9.

State Valence

10. State Activation

Note: PA = positive affect, NA = negative affect;

1

2

3

4

5

6

7

.07

.19

-.17

.22

.08

-.02

-.11

.04

-.38*

10

.29

8
-.47*

9
.41*

.06

-.09

.12

-.06

.12

.09

.89**

.76**

.18

-.34

.28

.02

-.76**

.32

-.18

.76**

-.45*

.19

.38*

.22

-.61 **

.41*

-.08

.05

.19

-.03

.15

-.31

.93**

.88**

-.64**

.19

* indicates p <.05, ** indicates p < .01; n = 29

.64**
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These relationships indicate that greater state negativity is associated with smaller
raw P3 amplitudes, and further that the preponderance of state P A over NA is associated
with larger raw P3 amplitudes (state valence was not a significant predictor of raw P3
amplitude over and above state NA when entered as simultaneous predictors of raw P3
amplitude in a multiple regression). This is opposite to our hypotheses that state NA
should be associated with larger investment in TI, and thus larger P3 amplitudes.
P3 and personality. Table 14 contains the correlations of P3dw mean amplitude
and latency with neuroticism, extraversion, openness, conscientiousness, and
agreeableness (raw P3 measures did not correlate with any of the personality measures).
Conscientiousness was moderately, although not significantly (p

=

.07), positively related

to P3dw amplitude, indicating that greater conscientiousness was associated with greater
amplitude discrimination between rare and frequent TIs. Openness was negatively
related to P3dw latency, indicating greater openness was associated with shorter P3dw
latencies.
Distracter activation, affect and personality. Table 15 contains the correlations of
distracter activation with personality measures. Trait valence was negatively related to
distracter activation at F7 (r = -.37, p

=

.05), indicating that less preponderance of trait

PA over trait NA is associated with less distracter activation at F7. This does not fit with
our hypothesis that greater trait valence would be associated with less investment overall,
and thus less activation on distracter trials at F7. Openness was negatively related with
distracter activation at F8, indicating that greater openness was associated with less
activation on distracter trials at F8.
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Table 14
Intercorrelations between P3dw Amplitude and Latency with Personality Measures
M

2.59

SD
1.72

534.35

64.94

3. Neuroticism

2.09

.49

4. Extraversion

3.75

.65

5.

Openness

3.77

.68

6.

Conscientiousness

3.64

.73

3.89

.59

1. P3dw Amplitude
2.

P3dw Latency

7. Agreeableness

Note:

* indicates p

<.05,

1

2
-.01

3
-.07

4
.01

5
-.14

6
-.34#

7
-.17

-.25

.11

-.46*

.07

.12

-.40*

.34

-.39*

-.34

-.08

.18

.19

.24

-.15

** indicates p < .01; n = 29; # indicates n.s. trends (p:S .15)

.45 *
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Table 15
Intercorrelations between Mean Amplitude on Distracter Trials at F7, F8, and pz and Personality Measures

1. F7 Distracter Activation

M
3801.61

SD
2014.56

2. F8 Distracter Activation

3735.26

1653.38

3. pz Distracter Activation

4205.96

1929.20

4. Neuroticism

2.09

.49

5. Extraversion

3.75

.65

6. Openness

3.77

.68

3.64

.73

3.89

.59

7.

Conscientiousness

8. Agreeableness

Note:

1

2
.43*

3
.58**

4
.15

5
-.24

6
-.31 #

7
-.26

8
.14

.45*

-.05

-.29#

-.46*

.17

.15

.18

-.21

-.31#

-.14

.02

-.40*

.34#

-.39*

-.34

-.08

.18

.19

.24

-.15

* indicatesp <.05, ** indicatesp < .01; n = 29; # indicates n.s. trends (p::; .15).

.45*
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This does fit our hypothesis that openness, through diffusion, would be associated
with less investment overall, and thus less activation on distracter trials. Distracter
activation was unrelated to affect measures.
CNV, affect and personality. Table 16 contains the correlations of CNV measures

with personality measures (none of the affect measures correlated with either CNV
measure). Out of all of the personality measures, only conscientiousness was related to a
CNV measure.
The online "CNV", actually a sustained positivity during the foreperiod preceding
the RSVP stream, was positively related to conscientiousness (r = .5l,p = .004),
indicating that greater conscientiousness is associated with a greater positivity in
anticipation of the RSVP stream.
Summary of electrophysiological, affect, and personality findings . In sum, the

negative relationship between state NA and raw P3 was opposite to our hypothesis.
Although not significant, conscientiousness was associated with larger P3dw amplitudes,
while openness was significantly associated with shorter P3dw latencies. Greater
distracter activation was found to be associated with less valence, which is opposite to
our hypothesis, however, less distracter activation, was associated with greater openness,
which fits our hypothesis. Finally, greater positivity in the foreperiod was associated with
greater conscientiousness.
Relationships Among ERP Measures

Table 17 shows the intercorrelations of all electrophysiological measures. The
online "CNV" was significantly correlated with both raw P3 and P3dw amplitudes in
opposite directions.

M
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Table 16
Intercorrelations between CNV Amplitudes and Personality Measures

1. Online CNV

M
2.43

SD
2.29

Offline CNV

-1.57

2.21

3. Neuroticism

2.09

.49

4. Extraversion

3.75

.65

5. Openness

3.77

.68

6. Conscientiousness

3.64

.73

Agreeableness

3.89

.59

2.

7.

Note:

* indicates p

<.05,

** indicates p < .01; n =

1

2

3

4

.20

.09
.03

-.11

5
.29#

6
.51 **

7
.09

-.26

-.05

-.14

.02

-.40*

.34#

-.39*

-.34#

-.08

.18

.19

.24

-.15
.45*

29; # indicates n.s. trends (p:S .15)
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Table 17
Intercorrelations between Electrophysiological Measures
M

SD

4.14

3.30

2. Raw P3 Latency

494.69

97.18

3. P3dw Amplitude

2.59

1.72

534.35

64.94

5. Online CNV

2.43

2.29

6.

-1.57

2.21

7. F7 Distracter Activation

3801.61

2014.56

8. F8 Distracter Activation

3735.26

1653.38

pz Distracter Activation

4205.96

1929.20

1. Raw P3 Amplitude

4. P3dw Latency

9.

Note:

Offline CNV

* indicates p

<.05,

** indicates p

< .01; n = 29

1

2

3

4

6

7

8

9

.26

5
.42*

.07

.08

.09

.11

.16

-.09

-.02

.47*

.03

-.01

.08

-.03

.19

-.01

-.39*

.07

.09

-.18

.23

-.08

-.25

.22

.27

.42*

.20

-.13

.18

.04

-.15

-.09

-.19

.43*

.58**
.45*
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The sustained positivity preceding the onset of the RSVP stream was associated
with larger raw P3 amplitude but smaller P3dw amplitudes, indicating that greater
foreperiod positivity is associated with larger P3 amplitudes and smaller amplitude
discrimination between rare and frequent TIs. No other ERP measures were related
significantly.

Examining Pre-trial Activation Based on RSVP Performance
The sustained positivity in the foreperiod (online "CNV") was related to Tl
accuracy, P3, P3dw amplitudes, and conscientiousness. This led to an investigation of
whether activation in the foreperiod at fronto-central sites may also differentiate T2
performance outcomes at short and long lags.
Waveforms recorded during RSVP trials were averaged individually for each
combination of participant, lag, and whether T2 was correct or incorrect. For each
participant, average waveforms from short and long lag incorrect trials were then
subtracted from short and long lag correct trials, respectively, creating short and long lag
difference waves for each participant. These difference waves were then submitted to a ttest to investigate significant amplitude differences from onset of fixation to onset of
RSVP at each 10 ms time point in the foreperiod at sites Fz, Cz, F3, C3, F4, and C4.
These sites were chosen as the positivity was fronto-central (Fz, Cz) and to reflect any
possible laterality in the positivity (F3/4, C3/4).
The difference wave amplitude at Fz was significantly greater for short lag T2
incorrect trials than short lag T2 correct trials (P's < .01) from latencies 412 to 484 ms
(duration of72 ms), 524 to 576 ms (duration of 52 ms) and 664 to 764 ms (duration of
100 ms) following onset of the fixation point. Similarly, the difference wave amplitude at
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F3 was significantly greater for short lag T2 incorrect trials than short lag T2 correct
trials (p < .0 I) from a latency of 424 to 688 ms (duration of 264 ms) following the onset
of the fixation point. These results show that T2 correct trials can be differentiated from
T2 incorrect short lag trials on the basis of the amount of frontal brain activation prior to
the RSVP stream.
The only significant difference (p < .01) on long lag trials was at C3 from a
latency of 80- to 138-ms (duration of 58-ms) following the onset of the fixation point.
The difference was such that there was greater activation on incorrect trials.
Spectral EEG and RSVP Performance
Table 18 contains the means, standard deviations, and correlations of alpha: theta
power ratio and ratio of alpha power for eyes closed:eyes open (alpha attenuation
coefficient; AAC) at sites F3, F4, C3, and C4 with RSVP performance measures. There
were three outliers for the AAC, one each at sites F3, F4, and C4. These outliers were
removed from the analyses. Alpha:theta ratio, where larger ratios indicate greater
alertness, was significantly positively correlated with AB magnitude at sites F3, F4, and
C4, and was moderately but not significantly positively related at site C3 (p

=

.07). This

relationship indicates that greater levels of alertness, as measured with the alpha
attenuation task in between blocks of RSVP trials, are associated with larger AB
magnitudes. The alpha:theta ratio was unrelated to any other RSVP performance
measure, and AAC was only moderately negatively related to Tl accuracy (p

=

.06).

Table 19 contains the means, standard deviations and correlations of alpha in both
eyes open and eyes closed conditions at sites F3, F4, C3, and C4 with RSVP
performance.

r0

Table 18
Intercorrelations Between Power Ratios and RSVP Performance Measures

1.

Tl Accuracy

2.

T2 Accuracy

3.

Short Lag Accuracy

4.

Long Lag Accuracy

5.

AB Magnitude

6.

Alpha:Theta F3

7.

Alpha:Theta F4

8.

Alpha:Theta C3

9.

Alpha:Theta C4

10. AACF3
11. AAC F4
12. AAC C3
l3. AAC C4
Note:

M

SD

2

3

4

5

6

7

8

9

10

11

12

l3

88.31

11.19

.68"

.33#

.59"

-.03

.02

.05

.25

.22

-.23

-.38#

-.16

-.00

76.90

11.34

.83"

.75"

-.53"

-. 18

-.14

.04

-.04

-.22

-.27

-.16

-.00

65.20

16.72

.54"

-.86"

-.31 #

-.25

-.11

-.17

-.17

-.14

-.1 2

-.09

87.90

8.54

-.03

.22

.29#

.34#

.32#

.00

-.37

-.04

.23

22.7

14.l3

.50"

.48"

.34#

.39'

.19

-.05

.11

.24

.87

.43

.97"

.78"

.74"

.53"

.12

.23

.38#

.90

.44

.78"

.81"

.49'

.05

.27

.40'

1.07

.51

.75"

.31 #

.11

-.09

.57"

1.09

.53

.29

-.03

.29

.53"

1.84

2.37

.46'

.66"

.16

2.72

2.54

.26

.33#

2.04

3.14

1.96

1.81

* indicates p <.05, ** indicates p < .01; n =

29; # indicates n.s. trends (p:::: .15).

.02
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Table 19
Intercorrelations Between Alpha Power and RSVP Performance Measures

1.

T1 Accuracy

2.

T2 Accuracy

3.

Short Lag Accuracy

4.

Long Lag Accuracy

5.

AB Magnitude

6.

Alpha Closed F3

7.

Alpha Closed F4

8.

Alpha Closed C3

9.

Alpha Closed C4

10. Alpha Open F3
11. Alpha Open F4
12. Alpha Open C3
13. Alpha Open C4
Note:

M

SD

2

3

4

5

6

7

8

9

10

11

12

13

88.31

11.19

.68"

.33#

.59"

-.03

-.00

.00

.09

.13

.11

.09

.11

.10

76.90

11.34

.83"

.75"

-.53**

-.06

-.06

-.01

-.01

-.09

-.08

-.12

-.13

65.20

16.72

.54"

-.86**

-.15

-.17

-.08

-.14

-.23

-.22

-.21

-.22

87.90

8.54

-.03

.26

.31#

.27

.33#

.09

.13

.03

.05

22.7

14.13

.34#

.39'

.26

.36#

.33#

.34#

.27

.29#

.37

.19

.97"

.93"

.85"

.48"

.45'

.49"

.42'

.38

.19

.92"

.92**

.47"

.53"

.49**

.49"

.39

.20

.89"

.53"

.50"

.58"

.49"

.39

.19

.54"

.60"

.54"

.64**

.14

.13

.92"

.94"

.88"

.16

.13

.86"

.92"

.17

.15

.19

.16

* indicates p <.05, ** indicates p < .01; n =

29; # indicates n.s. trends (p:5 .15).

.89**
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There was a trend for alpha power in both the eyes closed and eyes open
conditions to be positively correlated with AB magnitude although only the relationship
with alpha in the eyes closed condition at F4 was statistically significant. Tl accuracy
and overall T2 accuracy were unrelated to alpha power.
Table 20 contains the means, standard deviations and correlations of theta in both
eyes open and eyes closed conditions at sites F3, F4, C3, and C4 with RSVP
performance. A pattern also emerged for theta power in both eyes closed and eyes open
conditions to be positively correlated with overall T2 accuracy although only the
relationships in the eyes closed condition at F3 and F4 were significant. AB magnitude
and Tl accuracy were unrelated to theta power.
Spectral EEG, Affect and Personality
Table 21 contains the means, standard deviations, and correlations of alpha: theta
power ratio and AAC at sites F3, F4, C3, and C4 with trait and state measures of affect.
There was a trend with both the trait and state affect measures for AAC at site C4 to be
negatively related to PA and valence (significant with trait measures; p

=

.15 for PA, p =

.05 for valence with state measures), and moderately positively related with NA (p

=

.15

for trait and p = .05 for state). This pattern indicates that greater alertness at a right
centro-lateral site was associated with less PA and more NA.
The AAC was not significantly related to any personality measures but was
moderately although not significantly negatively correlated with conscientiousness (r =
.36, p = .07) and positively correlated with neuroticism (r = .33, p = .10) at site C4. This
indicates that greater right centro-lateral arousal is associated with higher levels of
neuroticism and lower levels of conscientiousness.
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Table 20
Intercorrelations Between Theta Power and RSVP Perfprmance Measures

1.

Tl Accuracy

2.

T2 Accuracy

3.

Short Lag Accuracy

4.

Long Lag Accuracy

5.

AB Magnitude

6.

Theta Closed F3

7.

Theta Closed F4

8.

Theta Closed C3

9.

Theta Closed C4

10. Theta Open F3
11 . Theta Open F4
12. Theta Open C3
13. Theta Open C4
Note:

M

SD

2

3

4

5

6

7

8

9

10

11

12

13

88.31

11.19

.68"

.33#

.59"

-.03

.27

.28

.07

.12

.12

.14

-.03

.13

76.90

11.34

.83"

.75"

-.53"

.42'

.39'

.18

.26

.21

.26

.05

.17

65 .20

16.72

.54"

-.86"

.32#

.23

.16

.17

.16

.18

.05

.07

87.90

8.54

-.03

.36#

.44'

.14

.30#

.08

.24

-.04

.15

22.7

14.13

-.16

-.01

-.11

-.01

-.15

-.07

-.09

.01

.41

.11

.91"

.85"

.76"

.58"

.47"

.54"

.42'

.41

.12

.79"

.88"

.52"

.59"

.55"

.55"

.36

.11

.87*'

.69"

.60"

.77*'

.61"

.36

.12

.57"

.65"

.68"

.72"

.34

.11

.86"

.89"

.71"

.34

.11

.87"

.88"

.32

.11

.32

.11

* indicates p <.05, ** indicates p < .01; n =

29; # indicates n.s. trends (p:5 .15).

.85"
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Table 21
Intercorrelations Between Power Ratios and Trait and State Affect Measures

Note:

M

SD

2

3

4

5

6

7

8

9

10

11

12

13

14

.97"

.78"

.74"

.03

-.23

.31 #

.28

-.25

.22

-.28

-.10

.09

-.12

.78**

.81"

.03

-.27

.35#

.29

-.25

.12

-.24

-.07

-.03

-.04

.75**

-.12

-.17

-.03

.55**

-.24

.15

-.24

-.09

.13

-.12

-.06

-.15

.24

.42*

-.19

.08

-.18

-.00

-.06

.02

.46*

.66"

.16

.02

.24

-.11

.05

.17

-.02

.26

.33

-.19

.08

-.17

-.14

.08

-.15

.02

.07

.01

.04

.17

-.01

.15

-.27

.19

-.29

-.09

.02

-.08

-.38*

.89"

.18

-.34#

.28

-.76"

-.18

.76**

-.45*

.22

-.61**

.41*

-.31 #

.93**

1.

Alpha:Theta F3

.87

.43

2.

Alpha:Theta F4

.90

.44

3.

Alpha:Theta C3

1.07

.51

4.

Alpha:Theta C4

1.09

.53

5.

AACF3

1.84

2.37

6.

AACF4

2.72

2.54

7.

AACC3

2.04

3.14

8.

AACC4

1.96

1.81

9.

TraitPA

3.60

.55

10. TraitNA

1.50

.38

11. Trait Valence

2.07

.77

12. State PA

4.85

1.33

13. State NA

.58

.64

14. State Valence

4.27

1.65

* indicates p <.05, ** indicates p < .01; n =

-.64"

29; # indicates n.s. trends (p:s .15).
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Table 22
Intercorrelations Between Power Ratios and Other ElectroehJ!.siologJcal Measures

l .u:9 F3
2. u:9 F4
3. u:9 C3
4. u:9 C4
5.AACF3
6.AACF4
7.AACC3
8.AACC4
9.RawP3Amp
IO.Raw P3 Lat
11.P3dw Amp
12.P3dw Lat
13.0ffline CNV
14.0nline CNV
15.Dist F7
16.Dist F8
17. Dist pz

M

SD

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

.87

.43

.97"

.78"

.74"

.03

-.23

.31#

.28

.26

-.01

.11

.11

.29#

.10

.18

.11

.12

.90

.44

.78"

.81"

.03

-.27

.35#

.29#

.30#

-.01

.1 7

.08

.36#

.09

.06

.02

.05

1.07

.51

.75"

-.12

-.17

-.03

.55"

.21

-.10

.1 9

-.14

.32#

.04

-.00

.00

-.08

1.09

.53

-.06

-. 15

.24

.42'

.l2

.03

.31 #

.09

.38'

-.09

-.07

-.05

.01

1.84

2.37

.46'

.66"

.16

.17

.03

.04

.05

.19

.08

.04

-.11

-.05

2.72

2.54

.26

.33#

-.00

-.07

-.12

.11

-.31 #

-.06

.29#

.20

.29#

2.04

3.14

.02

-.11

.29#

-.12

.17

.21

-.01

.05

-.07

.03

1.96

1.81

.16

-.07

.15

.10

-.03

.06

-.08

.04

.08

4.14

3.30

.07

.08

.26

.09

.42'

.11

.16

-.09

495

97

-.02

.47'

-.01

.03

.08

-.03

.19

2.59

1.72

-.01

.07

-.39'

.09

-.18

.23

534

65

-.25

-.08

.22

.27

.42'

-1.57

2.21

.20

-.15

-.09

-.19

2.43

2.29

-.l3

.18

.04

3801.6

2014.6

.43'

.58"

3735.3

1653.4

4205.9

1929.2

Note: * indicates p <.05, ** indicates p < .01 "Amp" = mean amplitude "Lat" = half-fractionallatency "u:9" = alpha:theta ratio "Dist."

.45*

= Distracter; n = 29
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Spectral EEG and Other Electrophysiological Measures
Table 22 contains the means, standard deviations, and correlations of alpha: theta
power ratio and AAC at sites F3, F4, C3, and C4 with P3, P3dw, offline CNV, online
"CNV" and distracter activation measures. There was a trend of greater alpha:theta ratio
being positively associated with offline CNVs. This relationship was only significant at
site C4, but was moderate at sites F3 (p = .12), F4 (p = .05), and C3 (p = .09).
These relationships indicate that greater alertness as measured by the ratio of
alpha:theta power is associated with less negative, and thus smaller CNVs. Greater AAC
was also moderately, but not significantly, positively associated with offline CNVs, but
only at F4. These relationships indicate that greater right-lateral alertness as measured by
AAC is associated with less negative and thus smaller CNV s.
General Discussion
In this study, state and trait measures of affect (both positive and negative) and

personality were hypothesized to predict RSVP performance, specifically the magnitude
of the AB. Electrophysiological measures of attentional investment (P3, CNV, distracter
activation) were also hypothesized to predict RSVP performance, and were expected to
mediate relationships between affect/personality and AB magnitude. While
electrophysiological measures have been used both to examine the AB, and explore
individual differences in AB magnitude, this was the first attempt to use these
electrophysiological measures to understand how affect modulates the AB. Hypotheses
for these relationships followed the logic of the overinvestment hypothesis (Olivers and
Nieuwenhuis, 2006). This hypothesis states that negative affect and focused attention are
associated with larger AB magnitudes due to overinvestment of attentional resources in
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RSVP items (including Tl), while positive affect and diffused attention are associated
with smaller AB magnitudes due to reduction in the investment of attentional resources to
RSVP items (including Tl). While many of the affect and personality measures were
associated with AB magnitude in the predicted manner, none of the electrophysiological
measures were significantly associated with AB magnitude which meant that no mediated
models with affect could be investigated as originally intended. The following sections
discuss our hypotheses in light of the observed results.

Affect
PA, as measured by the PANAS (trait) and the ERF (state), varied as expected in
its relationships with negative affect, and with personality (extraversion and neuroticism),
despite the range of scores being limited to the upper half of the response scale. These
relationships suggest convergent and divergent validity of the PA measures. State PA was
significantly associated with smaller AB magnitude, and although not significant, the
relationship between trait P A and AB magnitude was in the expected direction (this was
also the case for valence; PA-NA). Contrary to the present results showing a nonsignificant trend for trait P A and AB magnitude, MacLean et al. (provisionally accepted)
found that trait PA was significantly negatively associated with AB magnitude when
assessed using the PANAS. However, the sample size was over twice as large in the
MacLean et al. study and their participants were less uniformly high in trait PA compared
to the present sample, perhaps explaining the stronger relationship between trait P A and
AB magnitude in their study. This could suggest that trait PA may predict the AB only
when those with relatively low levels of trait P A are included in the sample, and that AB
magnitude will not differ much for those in the moderate to high trait PA range.
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The present finding that state PA was negatively associated with AB magnitude
replicates similar findings with induced mood (Jeffries, et aI., 2008; Olivers &
Nieuwenhuis, 2006). Recall that Olivers and Niewenhuis (2006) showed that inducing a
PA state on a trial-by-trial basis (by presenting a positive valence picture before each
RSVP trial) decreased AB magnitude relative to the AB observed when an emotionally
neutral picture was presented before each trial. Jefferies et al. (2008) induced specific
mood states through music and instructions to remember past events consistent with a
specific mood. They showed that AB magnitude was reduced for those induced into high
arousal and low arousal positive affect states (happy and calm), relative to an anxious
state. Although these studies had shown that induced affective state can modulate the AB,
the present study is the first to demonstrate that naturally occurring state PA (measured
before the AB task) can predict AB magnitude, and that mood does not need to be
induced to show the relationship between PA and AB magnitude.
PA was not related to any of the electrophysiological measures chosen to reflect
attentional investment. State valence was associated with larger raw P3 amplitudes,
which is opposite to our hypothesis. This relationship was true both for summed and
mean P3 amplitudes, and there was no significant relationship between P3 latency and
state valence. This suggests that P3 amplitudes were larger at higher levels of state
valence, but that they were not earlier or shorter as found with non-blinkers in Martens et
al. (2006). However, trait valence was associated with less activation on distracter trials
which supports our hypothesis. To review the logic of the overinvestment hypothesis, if
PA induces less attentional investment to all items in the task then one should expect to
find reduced amplitude ERPs to Tl, distracters, and even to anticipatory preparation in
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the foreperiod. Our results suggest that investment to Tl is not influenced by PA, but that
investment to distracters is reduced, partially supporting the overinvestment hypothesis.
This would suggest that investment is not reduced globally, but rather selectively to nontask relevant distracters.
Negative affect (NA), as measured by the PANAS (trait) and the ERF (state) also
performed as expected in its relationships with positive affect, and with personality
(extraversion and neuroticism). This suggests good convergent and divergent validity of
the NA measures. Replicating MacLean et al. (provisionally accepted), greater trait NA
was significantly associated with larger AB magnitudes. This result also converges with
those of Rokke et al. (2002) which showed increased ABs for individuals reporting high
depressive symptomatology lasting several weeks. State NA was related to AB
magnitude in the expected direction, but not significantly. The lack of relationship
between state NA and AB magnitude replicates the results of Olivers and Nieuwenhuis
(2006) that did not show modulations of AB magnitude when state NA was induced on a
trial-by-trial basis using negative pictures. Jefferies et al. (2008) did show effects ofNA,
but only when divided by arousal. They observed the largest AB magnitudes for anxious
participants and the smallest ABs for sad participants despite the fact that both sadness
and anxiety are negative affect states. Their results suggest that it might be critical to
examine the interaction of valence and arousal to find effects of state NA. However,
MacLean et al. (provisionally accepted) did examine whether the relationship of trait NA
and AB magnitude depended on arousal level, but found high and low arousal NA states
to produce equally large ABs. This may reflect a difference in the use of trait versus state

117
affect, or may simply suggest inconsistency in the literature. That there was no evidence
of an interaction ofNA and activation in this study suggests the latter.
The only significant relationship between NA and an electrophysiological
measure was that state NA was associated with smaller raw P3 amplitudes, which is
opposite to our hypothesis which predicted larger Tl-Iocked P3s given that greater NA
should lead to greater investment in T 1. Thus, there is no evidence from the
electrophysiological measures to support the overinvestment hypothesis contention that
NA is associated with a focus of attention and thus greater attentional investment -indeed the opposite was indicated.
Activation (PA+NA), which represents degree of affectivity, irrespective of
valence, was not related to AB magnitude, and this fits with previous findings (Jefferies,
et aI, 2008; MacLean, et aI., provisionally accepted). There were no hypotheses regarding
activation; however, as Jefferies et aI. (2008) demonstrated, manipulation of arousal or
the intensity of affect did not explain the resultant pattern of AB magnitudes they
observed.
In summary, while affect did demonstrate some significant relationships in the
predicted direction with AB magnitude, in general the findings were inconsistent and
hypothesized relationships between affect and the electrophysiological measures were
either not found, or were in the opposite direction, with one exception.

Personality
To my knowledge, this study was the first to investigate the relationship between
personality variables and RSVP performance, specifically the first to examine scores on
personality dimensions as predictors of AB magnitude. Our hypotheses followed research
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demonstrating a link between neuroticism and NA, and between extraversion and PA
(Nemanick & MullZ, 1997; Yik & Russel, 2001), and the similarity between the
conscientiousness and openness with constructs of focus and diffusion respectively, as
described in the overinvestment hypothesis.
While the relationship of the individual personality variables and AB magnitude
demonstrated a pattern that generally supported our hypothesis, not all of the zero-order
relationships were statistically significant (extraversion, openness) and some were not
there at all (conscientiousness). However, when entered simultaneously in a multiple
regression the personality variables of neuroticism, extraversion, and openness were all
significant unique predictors of AB magnitude in the expected directions. Additionally,
the combined personality predictors predicted a large (41 %) and significant amount of
variability in AB magnitude. Despite the limited sample size used here, the personality
measures of the Five-Factor model of personality predicted a large amount of variability
in AB magnitude, and provide additional support for the growing evidence that individual
differences can influence the AB.
The multiple regressions predicting Tl and T2 accuracy using personality
dimensions were also informative. Conscientiousness, which was unrelated to AB
magnitude, was the only significant unique predictor ofTI accuracy. Conscientiousness
was also a significant unique predictor of T2 accuracy, in addition to neuroticism and
openness (where higher openness was associated with improved target accuracy and
higher conscientiousness and neuroticism were associated with reduced target accuracy).
It is interesting to note that the personality dimensions which seem to best reflect anxiety

or concern with good task performance (namely conscientiousness and neuroticism) were
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actually associated with reduced target accuracy. This fits with the overinvestment
hypothesis in that their concern and anxiety would lead individuals who are high in
conscientiousness and/or neuroticism to try hard and focus. According to the
overinvestment hypothesis, this would lead individuals to overinvest attentional resources
to distracters which would then allow them to interfere with target processing.
Extraversion, however, was only associated with AB magnitude, but not with overall
target accuracy.
That some personality variables predict AB size but not target accuracy while
others predict target accuracy but not AB size, fits with previous findings that certain
cognitive performance measures (such as speeded forced choice, and non-verbal
intelligence tasks) predict T2 accuracy in an RSVP but not AB magnitude (Amell et aI.,
2006; Amell et aI., in press). Conversely, working memory performance predicts AB
magnitude but not T2 accuracy (Amell et aI., in press). The authors suggest that cognitive
performance measures based on speed of processing better predict target accuracy, while
measures of cognitive control may better reflect the underlying causes of the AB, and
thus better predict AB magnitude. The results here replicate such a dissociation, and as
discussed later (see Implications for Understanding the AB section) working memory
performance has also been shown to differ at high and low levels of extraversion,
supporting the suggestions of Amell et ai. (in press). Altogether this evidence suggests
that personality is a useful predictor of individual differences in RSVP performance, both
target accuracy and AB magnitude, and that this appears to be a fruitful avenue for future
exploration with a larger sample size.

Electrophysiological Measures
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P3. The P3 difference wave (P3dw), reflects the difference in activation following

an infrequent compared to a frequent task-defined target. In this specific case it reflects
the amplitude of the P3 difference wave created by taking the average waveforms from
rare, lower-case letter string trials, and subtracting the average waveforms from frequent,
upper-case letter string trials. The difference wave approach has typically been used to
isolate the P3 when using the RSVP paradigm due to the steady-state response evoked by
the rapid presentation of sequential visual stimuli in RSVP (e.g., Arnell, 2006; Luck,
1998; Vogel, Luck & Shapiro, 1998). However, the raw P3 observed in this study
(averaged across rare and frequent trials) was more discemable than is typically
encountered when using an RSVP, and so the raw P3 was scored in addition to the P3dw.
Raw P3 amplitude was not associated with Tl, T2 accuracy or AB magnitude.
Greater raw P3 amplitude was only associated with greater long lag accuracy. While we
had no specific hypotheses regarding the raw P3 wave, larger P3 amplitudes to Tl are
typically associated with larger AB magnitudes (Arnell & MacLeod, in preparation;
Martens, Elmallah, London, & Johnson, 2006). It is difficult, however, to make
conclusions about the relationship between raw P3 amplitude and long lag accuracy
specifically, in the context of that finding. It is possible that the amplitude ofthe raw P3
wave was confounded here with individual differences in ERP amplitudes that were
unrelated to Tl processing per se (i.e., that individuals differ in the amplitudes of their
ERPs, and levels of resting activation generally). In an attempt to control for amplitude
differences unrelated to Tl processing we subtracted activation on distracter only trials
from target trials and measured P3 amplitude from the difference. However, this did not
improve the predictive power of the P3. Furthermore, individual differences in general
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ERP amplitude not reflective ofTl processing per se do not confound the P3dw
amplitudes as it is a difference wave (see below).
It has been demonstrated that P3 amplitude is greater, and latency longer, to T1 on

trials where T2 was incorrect compared to trials where T2 was correct at short lags
(Arnell & MacLeod, in preparation; Martens et al., 2006a; Shapiro, Schmitz, Martens,
Hommel, Schnitzler, 2006). This suggests that the T1-locked P3 component, when
analyzed on a trial-by-trial outcome, indexes some process involved in the AB. The
ability ofP3 amplitude to predict T2 accuracy at short lags trial to trial (as in the above
studies), but not participant to participant in the present study, may suggest that while
attentional investment to T1 is predictive of AB outcome, that this is not a useful
individual differences variable, but rather a variable that waxes and wanes trial to trial
within each participant. However, Martens et al. (2006b) showed that blinkers and nonblinkers differed in the amplitude and latency of the Tl-Iocked P3. Thus, in contrast to
the present findings, the findings of Martens et al., suggest that the P3 is a useful index of
attentional investment at the level of the individual. One possible reason for the
discrepancy is that extreme groups (the blinkers and non-blinkers used by Martens et al.)
are required for P3 differences to differentiate individual AB performance. This may also
be the case given that comparing non-blinkers to blinkers is similar to comparing trial
outcomes. Consider that the trials that make up a non-blinkers average, by definition, are
almost entirely T2 correct trials. Given that we would expect the P3 to be shorter and
well-defined on T2 correct trials, then the P3 derived from an average of almost entirely
T2 correct trials should be shorter and well-defined. Conversely, non-blinker's averages
would have a large proportion of T2 incorrect trials averaged with a smaller proportion of
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T2 correct trials. Given that we would expect the P3 to be later and more extended on T2
incorrect trials, then the P3 derived from an average of mostly T2 incorrect trials should
be later and more extended.
Greater P3dw amplitude was not associated with larger AB magnitudes as
hypothesized; however, it was associated with better Tl accuracy. As mentioned earlier,
the P3dw represents the adjustment in amplitude between rare and frequent targets, thus a
greater difference can be taken as a greater discrimination between target types. In this
case, greater discrimination between target types is associated with better Tl accuracy,
indicating that P3dw measure is a potentially valid measure of attentional investment in
T 1, and thus could be used to investigate constructs of diffusion and focus from the
overinvestment hypothesis. Additional evidence to support the validity of the P3dw
measure is that AB magnitude was larger on rare Tl trials compared to frequent Tl trials

(t (28) = 5.04, P < .001), and so both P3 amplitude and the AB differed by Tl probability.
This indicates that attentional investment to Tl (i.e., that P3 amplitude was modulated by
Tl probability) did modulate the AB, but that the variability in AB magnitude is between
conditions (rare and frequent) and not person to person. In this case, it appears that
individual differences in P3dw amplitude were not a useful predictor of individual
differences in AB outcome.
CNV. This was the second known attempt in the AB literature to use the CNV to
investigate attentional investment in the context of the AB (the first was (Shapiro et aI.,
2008). We estimated an individual's CNV in two ways: 1) using a Go task performed in
the same session as the RSVP task, and 2) by inserting a foreperiod between fixation
period and the onset of each trial in the RSVP. We refer to these as the offline and online

123
CNV respectively. The offline CNV was proposed to reflect a measure of trait attentional
preparation. For the purposes of this study it was proposed that the online CNV could be
used as a trait measure to examine the relationship between attentional preparation and
RSVP performance outcome on a trial-by-trial basis, similar to a state measure (i.e.,
examining CNV differences for T2 correct and T2 incorrect trials). Unfortunately, no
online CNV was observed when all trials were averaged together, or when trials were
averaged according to T2 accuracy at each lag. One possible explanation for this lack of a
CNV in the foreperiod preceding the RSVP stream is that Tl, the target that we expected
participants to anticipate and prepare for, does not occur until 550 ms into the RSVP
stream on all trials. As participants were aware that Tl was not likely to appear for
approximately half a second into the RSVP stream they may not have exhibited the kind
of preparation in theforeperiod (from fixation to onset of RSVP) necessary to generate a
CNV, which would essentially be "preparing to prepare". Instead participants may have
used the onset of the RSVP stream to prepare for T 1. The lack of a CNV in the foreperiod
before the RSVP stream replicates the only other attempt at recording a CNV during the
RSVP (Shapiro et aI., 2008) which also did not observe a CNV as one would traditionally
expect to see (i.e., a sustained negativity during the foreperiod).
A CNV was observed in the offline Go task. The offline CNV was not
significantly related to any of the RSVP measures, although it was moderately related to
AB magnitude where a larger CNV was associated with a smaller AB. We hypothesized
the opposite relationship where a larger CNV, indicating greater attentional preparation,
was hypothesized to be associated with larger AB magnitudes, following the predictions
of the overinvestment hypothesis. One possibility is that preparation of attention for a
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given task is not necessarily correlated with the subsequent investment of attention during
the task, or specifically to targets. This is supported by the finding that offline CNV was
not correlated with any of the indices of attentional investment during the task (P3, P3dw,
or distracter activation). Another possibility is that attentional preparation as measured by
the CNV is not useful as a trait measure, but rather reflects variability from trial-to-trial
within individuals instead of from person-to-person.

Pre-trial positivity. While no CNV was observed in the foreperiod preceding the
RSVP stream there was a sustained positivity at fronto-central sites. While this positivity
was not expected, it was predictive ofTI accuracy, such that greater positivity (or
perhaps less negativity) was associated with worse Tl performance. Sustained frontal
positivities have been observed in older adults (Nielsen-Bohlman & Knight, 1995), but
not in younger adults, during the retention period of a visual working memory task,
where the older adults' performance was worse than that of the younger adults. This
positivity was also observed with frontal lobe lesion patients (Nielsen-Bohlman &
Knight, 1999) when compared to healthy controls. The authors suggested that this frontal
positivity reflects the increased investment of frontally-located controlled attentional and
working memory resources in an effort to improve performance on a task which is very
challenging to those groups. Perhaps the sustained pre-trial positivity observed in this
study reflects an anticipatory recruitment of attentional and working memory resources in
preparation to perform a known cognitively demanding task. Interestingly, the sustained
pre-trial positivity was positively associated with conscientiousness, the personality
variable we proposed to reflect the construct of focus from the overinvestment
hypothesis. Additionally, the pre-trial positivity was associated both with larger raw P3
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amplitudes, indicating greater investment in Tl overall, but smaller P3dw amplitudes,
and indicating less discrimination of investment to Tl according to Tl probability. This
pattern of findings suggests that greater positivity was associated with greater focus and
investment in the AB task. These findings might also support characterizing the sustained
pre-trial positivity as a kind of attentional preparation of the sort intended to be indexed
by the CNV. If the sustained pre-trial positivity can be taken as a measure of attentional
preparation that differs across individuals, then its inability to predict target accuracy or
AB magnitude would not be consistent with the overinvestment hypothesis given that
greater pre-trial positivity (and it associations with greater conscientiousness, larger raw
P3s, and smaller P3 dws ) should lead to a larger AB according to the overinvestment
hypothesis.

Distracter activation. It was hypothesized that greater activation on distracteronly trials should be associated with larger AB magnitudes. Greater distracter activation
should reflect greater attentional investment to items in the RSVP stream as suggested by
Martens et al. (2006). Recall that Martens et al. (2006) observed greater distracter
activation at site F8 for "blinkers" than for individuals who showed no AB ("nonblinkers"). Their results are consistent with the overinvestment hypothesis which posits
that greater attentional investment to items in the RSVP stream should be associated with
larger AB magnitudes. The pattern of results observed with distracter activation provides
suggestive and modest support for the overinvestment hypothesis. Although they did not
reach conventional levels of statistical significance, greater activation at F8 on distracter
trials was modestly associated with larger AB magnitudes, in addition to lower Tl and T2
accuracy, as predicted. With greater power these relationships may have been statistically
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significant. Currently, the results suggest that activation on distracter trials may have the
potential to explain some variability in individual differences in RSVP target accuracy
and AB magnitude, and this would be consistent with Martens et aL (2006) and the
overinvestment hypothesis. There is also tentative evidence suggesting that distracter
activation has the potential to mediate relationships between AB magnitude and affect
and personality, although mediation could not be tested here given the non-significant
relationship between AB magnitude and distracter activation. Distracter activation was
found to correlate with both trait valence and openness in the predicted directions where
the amount of distracter activation was less for those individuals who had a greater
preponderance of P A relative to NA, and for those high in openness. Thus, both trait
valence and openness to experiences are negatively related to AB magnitude, and to
distracter activation. This pattern is consistent with the overinvestment idea where
positive affect and openness lead to less overinvestment of attention to distracters, which
results in a reduced AB. If more participants were added, and this resulted in a significant
relationship between AB magnitude and distracter activation, then this model could be
tested.

Spectral EEG. In the present study, greater alertness, as measured both by a ratio
of alpha to theta power in the eyes closed condition, and alpha power from eyes closed
conditions, predicted larger AB magnitudes (although the later relationship were nonsignificant trends). In contrast, decreased alertness as measures by theta power at frontal
sites in the eyes closed condition was associated with better overall T2 accuracy.
Generally, less alpha and greater theta power (i.e., smaller alpha:theta power ratio) is
characterized as general cognitive slowing, and is thought to reflect decreased alertness
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(Curcio, Casagrande, & Bertini, 2001) something that has also been related to decreased
performance on sustained attention tasks (for a review see Oken, Salinsky, & Elsas,
2006). According to the overinvestment hypothesis, greater focus of attention should
produce larger AB magnitudes, and the spectral EEG evidence supports this hypothesis
as greater alertness which allows for sustained investment of attention was associated
with larger ABs.
Although the alpha to theta power ratio, alpha power, and theta power were not
related to affect or personality measures, there was a pattern of greater alertness, as
measured by the alpha attenuation coefficient (AAC) at a right centro-lateral site. The
ACC was associated with less PA, and lower levels of extraversion, conscientiousness
and agreeableness. According to the overinvestment hypothesis, PA should lead to a
diffusion of attention. The finding that alertness increased as PA decreased supports this
hypothesis, as does the finding that extraversion and agreeableness (two factors positively
correlated with PA in this study) were associated with less alertness. Additionally, that
the relationships between affect and personality variables and AAC occurred at rightlateral sites fits with literature indicating that greater right frontal alpha activation is
associated with greater negative affectivity (Tomarken, Davidson, Wheeler, & Doss,
1992).

Implications for Understanding the AB
It has been demonstrated that induced (Olivers & Nieuwenhuis, 2006; Jefferies et

aI., 2008) and self-reported affect (MacLean, Amell, & Busseri, provisionally accepted;
Rokke, Amell, Koch, & Andrews, 2002) can influence and predict individual differences
in AB magnitude. The present study also provides some evidence that state and trait
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affect can predict AB magnitude. The overinvestment hypothesis (Olivers &
Nieuwenhuis, 2006) is so far the only model to describe a mechanism for how affect can
influence the AB. This hypothesis fits both AB literature which suggests that Tl
processing occupies attentional resources such that those resources are then unavailable
to T2 (see Chapter 2 this paper), and affect literature which shows that positive affect
broadens attention while negative affect focuses it (Dreisbach & Goschke, 2004;
Easterbrook, 1959; Fredrickson, 2001; Fredrickson & Branigan, 2005; Gable & HarmonJones, 2008; Kramer, Buckhout & Eugenio, 1990; Rowe, Hirsh, & Anderson, 2007).
However, the results of this study found little evidence to suggest that positive affect is
related to less investment of attention to all items in the RSVP stream, thus resulting in
smaller AB magnitudes, or that negative affect is related to overinvestment of attention in
the RSVP task, thus resulting in larger AB magnitudes. However, there was evidence
from the valence measure (preponderance of P A over NA) that greater positivity lead to
less investment in distracters. So, while target investment did not appear to be influenced
by affect as suggested by the overinvestment hypothesis, there was some evidence that
investment in distracters may be influenced such that greater positivity than negativity
leads to less investment. Further research would be necessary to investigate both the
claims of the overinvestment hypothesis and alternative models.
Personality was selected as a predictor of individual differences in this study due
to the link between positive affect and extraversion and negative affect and neuroticism
(Nemanick & Munz, 1997; Yik & Russel, 2001) and the resemblance of openness and
conscientiousness with the diffusion and focus of attention respectively (Le Pine, Colquitt
& Erez, 2000). Neuroticism, extraversion, and openness all predicted AB magnitude in
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the hypothesized directions lending further support to the affect findings and some
evidence to support the overinvestment hypothesis. Although the personality variables
may have predicted AB magnitude through their associations with affect, is also possible
that variability in these personality variables unrelated to affect is responsible for some or
all ofthe relationships with AB magnitude. For example, there is evidence that high
extraversion, which in this study was associated with smaller AB magnitudes, is related
to working memory (WM) function. Lieberman (2000) concluded that extraversion is
specifically related to better central executive control ofWM, as high extraverts
performed better on the Sternberg memory task than did low extraverts. This claim was
also supported by the fmding that extraversion correlated positively with performance on
the 2- and 3-back conditions of the N-back task (which has high executive control
demands), but not on the 1- or O-back conditions, or on the digit span forward task (all of
which are thought to measure WM storage capacity but not central executive
functioning). This finding was replicated by Kumariet al. (2004) who also observed a
positive relationship between extraversion and change in activation in the dorso-lateral
pre-frontal cortex and the anterior cingulate. These areas are implicated in the selection of
task-relevant information from memory, and performance monitoring respectively. These
findings fit nicely with the Amell et al. (in press) individual difference study
demonstrating that performance on a WM task with high central executive demands were
negatively correlated with AB magnitude, while performance on tasks meant to measure
WM capacity did not predict AB magnitude. It is possible that extraversion predicts
smaller AB magnitudes through its relationship with better executive control of WM in
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addition to its association with a positive affective state. In sum, the relationship between
personality and the AB merits further investigation.
This study tested the overinvestment hypothesis, and investigated the relationship
between affect and the AB using ERPs known to correlate with AB magnitude. The goal
was to understand how affect influences the AB by implicating specific cognitive
mechanisms. While there are many models of the AB, and there is much evidence both
from behavioural and electrophysiological measures, there is still much to learn about
this phenomenon. Several theories of the AB suggest that the efficiency with which
attention is allocated to the incoming items from the RSVP stream determines the depth
and duration of the AB (see Chapter 2 herein). For example, Olivers, Stigchel and
Hulleman's (2007) model, similar to the original Raymond, Shapiro, and Amell (1992)
model, suggests that attention is fully invested in Tl when it appears such that the
suppression of distracters fails allowing them to interfere with Tl processing. If T2
appears while the interference of distracters is being resolved, then attentional resources
are not available, T2 processing is delayed, and thus the probability of accurate T2
performance is decreased at short lags. It is apparent in this model how individual
differences in the efficiency of attentional allocation could influence the context that
creates an AB. For example, more or less attentional resources could be assigned to Tl,
distracters or both, resulting in more or less interference to be resolved, or possibly the
interference in WM could be better resolved by some individuals with better executive
control ofWM, resulting in less delay ofT2. Our fmding that greater activation on
distracter trials correlated moderately (although non-significantly) with larger AB
magnitudes, something replicated from Martens et al. (2006), partially validates Olivers,
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Stigchel and Hulleman's (2007) model in that individuals who invest more in distracters,
or suppress distracters less, show larger ABs perhaps, as the model suggests, because
individuals who invest more resources in distracters produce greater interference with T1
and longer delays for T2. However, we did not observe that measures of investment in T1
predicted AB magnitude as would be expected if initial overinvestment in T1 is what
allows for stronger distracter interference and T2 delay. Also, amount of investment in
distracters was unrelated to investment in T1, which suggests that efficiency in the
suppression of distracters (i.e., the reduction of attentional investment) is unrelated to the
efficiency of attentional investment in T1 (i.e., appropriate investment, as opposed to
overinvestment), at least when comparing individuals. The relationship between
extraversion and the AB also supports an efficiency model of the AB. The link between
extraversion and better performance on WM tasks with high executive control demands
(Lieberman, 2000) suggests that the personality factor may partially represent trait
efficiency of attentional allocation. As predicted from Olivers, Stigchel and Hulleman's
(2007) model, better efficiency (higher extraversion), was associated with smaller AB
magnitudes. In sum, the results of this study partially support existing efficiency models
of the AB, especially in terms of distracter suppression.

Future Directions
This study selected electrophysiological measures that had previously been shown
to relate to the AB, and individual differences in AB magnitude. The gains obtained here
using those measures were modest with respect to the goals ofthis study. The time
required per participant in an electrophysiological study limits the sample size, as was the
case with this study. In the case of this study with a [mal sample size of29, power for

132
small effect sizes (r = .20) would be .20, for medium effect sizes (r = .40) would be .56,
and for large effect sizes (r = .60) would be .89. This limitation unfortunately makes it
difficult to obtain sufficient sample sizes often required for examining individual
differences. To overcome this limitation some investigators choose an extreme groups
approach (e.g. Martens et aI., 2006; Rokke et aI., 2002). Although there are limitations to
this design as well, future investigations into the relationship between affect and the AB
that use electrophysiological measures could employ an extreme groups strategy.
Additionally, future investigations could use a similar strategy with alternative
physiological measures which may prove more fruitful at explaining the relationship
between affect and the AB than did the present electrophysiological measures. For
example, the error-related negativity (ERN) is an event-related potential thought to reflect
the awareness and emotional evaluation of response errors during performance
monitoring (Luu, Flaisch, & Tucker, 2000). The ERN has been related previously with
negative affect such that individuals high in negative affect displayed larger ERNs, which
then become smaller as the participants become less invested in the task (Luu, Collins, &
Tucker, 2000). The ERN is thought to reflect the valenced appraisal of cognitive events,
as motivation has been shown to modulate the component, an effect that was also
moderated by personality factors of neuroticism and conscientiousness. For example,
motivational-related changes in the size of the ERN have been shown to be smaller for
those high in conscientiousness but larger for those high in neuroticism (Pailing &
Segalowitz, 2004). In addition to links between the ERN, affect and performance
monitoring, both implicated in the overinvestment hypothesis, the generators of the ERN
have been localized in the anterior cingulate cortex (ACC; Dehane, Posner, & Tucker,
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1994). It has been proposed that the ACC modulates attentional and emotional functions
in line with ongoing goals and motivations through reciprocal connections with neural
systems such as the medial prefrontal cortex, limbic structures, and the brainstem
(Devinsky, Morrell, & Vogt, 1995). Many ofthose neural systems have been implicated
in the processing that occurs in the context of an AB (e.g., Chun & Marois, 2002). It is
possible that the interaction of affect and the AB is a reflection of the more general
regulatory function of the ACC; that is, that the AB outcome is dependent on the
regulation of attentional processes which also has emotional consequences. So, for
example individuals with less ACC activity could have reduced vigilance in performance
monitoring leading to reduced ABs. This may also result in more signals resulting in
positive and/or fewer signals resulting in negative affective experience from the ACC, as
the ACC sends signals that something is wrong (i.e. the response did not fit with the
goals/motivations, etc.) and this modulates affective experience through its efferent
connections to other systems, e.g., the limbic system.
If so, then ERN amplitude may help elucidate the relationship between affect and AB
magnitude as well as mediate the relationship between personality dimensions and the
AB. The ERN consists of two components an initial negative wave (Ne) and a subsequent
slower positive wave (Pe). A review of the literature (Overbeek, Nieuwenhuis, &
Ridderinkhof, 2005) provided evidence that the two components are dissociable and
suggested that while the Ne reflects performance monitoring and the adjustment of
behaviour towards goals and motivations, the Pe reflects awareness that a significant
event has occurred (i.e. an error; for evidence that this is the case see Ridderinkhof,
Ramautar, & Wijnen, 2009). Any future use of the ERN to investigate the relationship
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between affect and the AB would have to investigate these components separately due to
their dissociability.
In addition to the ERN another physiological measure has been used previously to
index ACC function. Respiratory sinus arrhythmia (RSA) is a measure of the variability
in heart rate, reflects parasympathetic function, and is influenced by the ACC via its
connections with the vagal nerve (Bennaroch, 1997). It was shown recently that RSA
mediated the relationship between the ERN and a facet of negative affect such that the
positive relationship between the ERN and negative affect was reduced when RSA
(which was negatively related to the ERN) was introduced to the regression (Dywan, et
aI., 2008). If the relationship of emotion and the AB relies in part on ACC function and
the autonomic processes that drive it, then it is possible that RSA would predict affect,
the AB and their interaction.
Summary Conclusions
In sum, the goal of this study was to use electrophysiological measures to
investigate what underlying cognitive processes could explain the relationship between
affect and the AB, and to investigate possible associations with personality. The results of
this study showed some relationships between the AB and both state and trait affect.
Indeed, this study was the first to demonstrate a relationship between self-reported state
affect and the AB and the first to show that personality variables can predict RSVP target
accuracy and AB magnitude. Furthermore, the pattern of these findings conformed to
hypotheses derived from the overinvestment hypothesis. The electrophysiological
measures used here, however, generally did not relate to either the AB or
affect/personality measures making it difficult to test the overinvestment hypothesis of
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Olivers and Nieuwenhuis (2005; 2006). This suggests that the basic tenets of the
overinvestment hypothesis should be examined further. There were exceptions to the
largely null e1ectrophysiological results, such as those found when examining pre-trial
and distracter trial activation. Greater pre-trial activation was related to higher levels of
conscientiousness, lower Tl accuracy, and larger Tl-Iocked P3 amplitudes that were less
sensitive to Tl probability, suggesting that this pre-trial positivity reflects greater Tl
investment. Greater distracter trial activation showed a trend toward predicting larger AB
magnitudes, lower target accuracy overall, less preponderance of trait PA over NA and
lower levels of the personality factor of openness, suggesting that distracter activation
reflects attentional investment as characterized by the overinvestment hypothesis. Further
studies using pre-trial activation, distracter activation, and other electrophysiological
measures such as the ERN or RSA may be worthwhile as indicated by the results of this
study.
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A.l Research Ethics Board Approval Letter
DATE:

September 8, 2008

FROM:

Michelle McGinn, Chair
Research Ethics Board (REB)

TO:

Dr. Karen M. Arnell, Psychology
Mary H. MacLean

FILE:

08-041 ARNELLIMACLEAN

TITLE:

Brain Waves and Personality

The Brock University Research Ethics Board has reviewed the above research proposal.
DECISION: Accepted as clarified.
This project has received ethics clearance for the period of September 8, 2008 to August
31,2009 subject to full REB ratification at the Research Ethics Board's next scheduled
meeting. The clearance period may be extended upon request. The study may now
proceed.
Please note that the Research Ethics Board (REB) requires that you adhere to the protocol
as last reviewed and cleared by the REB. During the course of research no deviations
from, or changes to, the protocol, recruitment, or consent form may be initiated without
prior written clearance from the REB. The Board must provide clearance for any
modifications before they can be implemented. If you wish to modify your research
project, please refer to http://www.brocku.ca/researchservices/forms to complete the
appropriate form Revision or Modification to an Ongoing Application.
Adverse or unexpected events must be reported to the REB as soon as possible with an
indication of how these events affect, in the view of the Principal Investigator, the safety
of the participants and the continuation of the protocol.
If research participants are in the care of a health facility, at a school, or other institution
or community organization, it is the responsibility of the Principal Investigator to ensure
that the ethical guidelines and clearance of those facilities or institutions are obtained and
filed with the REB prior to the initiation of any research protocols.
The Tri-Council Policy Statement requires that ongoing research be monitored. A Final
Report is required for all projects upon completion of the project. Researchers with
projects lasting more than one year are required to submit a Continuing Review Report
annually. The Office of Research Services will contact you when this form Continuing
Review/Final Report is required.

A.2 Consent Form
Consent to Participate
Brain Waves and Personality
Fall/Winter 2008
Principal Investigator:
Faculty Supervisor:
Mary MacLean, MA candidate
Dr. Karen Amell, Advisor
Department of Psychology
Department of Psychology
Brock University
Brock University
(905) 688-5550 Ext. 5872
(905) 688-5550 Ext. 3225
mmaclean@brocku.ca
kamell@brocku.ca
INVITATION
You are invited to participate in a psychological investigation. The purpose of this
investigation is to examine the relationship between various individual differences and
performance on a cognitive task using brain waves as a measure of that interaction.
BASIS FOR PARTICIPANT SELECTION
Our experiment requires you to look at visual words and letter strings that will be rapidly
presented on the computer screen. Persons who have poor visual acuity so that they are
unable to read fairly large words on the computer screen, or persons who learned English
after the age of 9 will be unable to participate in the experiment. Please tell the
experimenter now if these apply to you. Also, only those without known neurological
conditions or history of neurological damage should perform the experiment.
Neurological conditions we would be concerned about include epilepsy, previous coma
or extended period of unconsciousness, previous stroke, known malformations of the
brain, difficulty perceiving shapes/forms, or difficulty understanding spoken speech or
sounds. You do not have to provide any specifics about your neurological condition, or
which condition you have, but please tell the experimenter now if you have a
neurological condition. Also, if you are left-handed you can still run the experiment, but
please tell the experimenter now so we can note this in our records. We plan to include
about 20 people in each of our experiments like this one, all of whom have these
characteristics.
EXPLANATION OF PROCEDURES
As a participant, you will be asked to first complete a questionnaire asking some
questions about your daily habits and any medications or health-related issues you may
have. You will also be asked to fill out several other questionnaires that provide
statements and ask you to indicate how well they represent you, or will provide you with
several adjectives and ask you to indicate whether they represent how you feel. Following
this an electrode cap will be placed on your head. The cap is snug fitting, and we will
need to squirt some gel onto each electrode to help us get good measurements of your
brain waves. This means your hair will get some gel in it, and you will feel some slight
scratching on your scalp as we put the gel into the electrodes. We will not break the skin
or scratch hard enough for you to feel any discomfort. If you are ever uncomfortable
while we are setting-up the electrodes, then please tell us right away. It will take us about
half an hour to get the cap fitted properly, and to make sure we are getting good brainwave signals from each electrode. The brain waves we will record are just like EEG
recordings done in hospitals. The electrodes only measure electrical activity in your
brain; they will not emit signals into your brain, and will not shock or harm you. The

electrodes will just sit onto of your head, they will not be inserted into your head. We
will be able to monitor your brain waves, but we will not be able to "read your mind", tell
what you are thinking, or how you are feeling.
While we record your brain waves you will perform a computer task that requires you to
observe items on a screen and respond to specific items by pressing buttons on a
keyboard. The task will last approximately 2 hours, and you will be given 5 minute
breaks at regular intervals. After you have completed the computer task we will ask you
to fill out another questionnaire about your mood and personality. You will then be given
your compensation for participation. Participation will take approximately 3.5 to 4 hours
of your time.
POTENTIAL BENEFITS AND RISKS
This research will help us develop our understanding of how our brains focus
attention, while attempting to make sense of information presented very quickly. If you
are curious, after the experiment we can show you the types of brain activation we are
examining, and what your brain waves look like when recorded by the computer. If you
are not familiar with cognitive neuropsychology, then the experiment will expose you to
a new area of psychology.
In order to ensure that we get a good signal from each of the electrodes, the cap
needs to be snug fitting, and electrolytic gel solution needs to be applied to the electrodes.
After wearing the cap for a couple of hours, you may feel that the cap feels somewhat
tight. While we are putting the gel into each electrode you may feel some slight
temporary scratching on your scalp. The gel will come in contact with your skin, but is
safe and harmless unless you have skin allergies or sensitivities. If you are concerned
about the gel aggravating your skin allergies or sensitivities, you should not participate in
this study. The study is a fairly long, and we encourage you to walk around and stretch
when needed. You may experience mild fatigue while performing the trials. Feel free to
take a short break whenever you require one. If you are uncomfortable with performing
one or more of the tasks, or answering one or more of the questions, then please just
make this clear to the experimenter, and you will be allowed to omit that portion of the
experiment.
The electrode cap and individual electrodes are cleaned thoroughly with detergent
after each use, and disinfected periodically. A new syringe used to squirt gel into the
electrodes is used with each participant and the blunt end of the syringe will not touch
any surface other than the cap, the electrodes and the participants scalp.
CONFIDENTIALITY
The information we collect from you in this study (your responses and brain activity
records) will be coded by a number, not your name. Your identity will not be revealed or
connected with the experimental results. We are interested in combining data from all of
the participants, not in separately examining the pattern for each person. Your data will
be combined with the data from other participants, and reported in summary form. Data
and records created by this project are the property ofthe University and the investigator.
You may have access to the overall results of the experiment by making a written request
to Dr. Karen Amell (Department of Psychology, Brock University, St. Catharines, ON,
L2S 3AI). A copy of the summary results will then be sent to you when the experiment
has been completed. This right of access extends only to the data combined from all
participants, and not to your individual data nor the individual data of other participants.

VOLUNTARY PARTICIPATION
Your participation is voluntary, and you may withdraw from the study at any time
without penalty, loss of credits or compensation (you will still receive 2 participation
hours and $20.00, or $40.00). Your decision of whether or not to participate will not
affect your course grades or your eligibility for other studies. If you decide to participate
now, you are free to withdraw your consent and to discontinue participation at any time.
PUBLICATION OF RESULTS
Results of this study may be published in professional journals and presented at
conferences. Feedback about this study will be available from the faculty supervisor
approximately 9 months after completion, and can be obtained by contacting them
through e-mail at karnel1@brocku.ca or by phone at (905) 688-5550 ext. 3225.
CONTACT INFORMATION AND ETHICS CLEARANCE
If you have any questions about this study or require further information, please contact
the Principal Investigator or the Faculty Supervisor using the contact information
provided above. This study has been reviewed and received ethics clearance through the
Research Ethics Board at Brock University (file #08-041). If you have any comments or
concerns about your rights as a research participant, please contact the Research Ethics
Office at (905) 688-5550 Ext. 3035, reb@brocku.ca.
Thank you for your assistance in this project. Please keep a copy ofthis form for your
records.
CONSENT FORM
I agree to participate in this study described above. I have made this decision based on
the information I have read in the Information-Consent Letter. I have had the opportunity
to receive any additional details I wanted about the study and understand that I may ask
questions in the future. I understand that I may withdraw this consent at any time.
Name (Please print): _ _ _ _ _ _ _ _ _ _ __
Signature: _ _ _ _ _ _ _ _ _ _ _ _ __
Date:
COMPENSATION
Please complete one of the following options:
(1)
I agree to participate in this study for $40.00, and understand that I will not
receive participation hours.
Name (Please print): _ _ _ _ _ _ _ _ _ _ _ _ __
Signature: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Date: - - - - - - - - - - - - - - - - - - OR
(2)
I agree to participate in this study for 2 hours of participation and $20.00.
Name (Please print): _ _ _ _ _ _ _ _ _ _ _ _ __
Signature: _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Date: - - - - - - - - - - - - - - - - - -

A.3 Demographic and Participant Information Questionnaire
Sex: M/F
Date of Birth (MM/DDIYY):
Handedness: L I R
Is English your first language? YIN
Do you have any uncorrected vision or hearing impairments? YIN
Have you ever suffered mild to severe head trauma (e.g. concussion, loss of
consciousness )?
YIN
If 'yes', how long ago? _ _ _ _ _ _ _ _ _ __
Have you ever been diagnosed with a perceptual or cognitive impairment (e.g.
ADDIADHD, epilepsy, color-blindness, etc.)?
YIN
Have you ever been diagnosed with an affective disorder (e.g. depression, bipolar, etc.)?
YIN
Are you currently taking any medication(s)? YIN
If yes, what medication(s)?

Do you consume nicotine? YIN
In what form do you usually consume nicotine (e.g. cigarettes, chewing tobacco, etc.)?

How often to you consume nicotine?
Never
1-2/Month
1-2/Week

3+/Week

Daily

When did you last consume nicotine?

Do you consume caffeine? YIN
In what form do you usually consume caffeine (e.g. coffee, tea, cola, etc.)?

How often to you consume caffeine?
Never
1-21M0nth
1-2/Week
When did you last consume caffeine?

3+/Week

How many hours of uninterrupted sleep do you typically get on weekdays?

How many hours of uninterrupted sleep did you get last night?

Daily

A.4 Modified PANAS
This scale consists of a number of words that describe different feelings and emotions.
Read each item and then mark the appropriate answer in the space next to that word.
Indicate to what extent you generally feel this way, that is, how you feel ON AVERAGE.
Use the following scale to record your answers.
1
very slightly
or not at all

2
a little

3
moderately

4

quite a bit

interested

irritable

distressed

alert

excited

ashamed

upset

inspired

strong

nervous

guilty

determined

scared

attentive

hostile

jittery

enthusiastic

active

proud

afraid

bored

focused

relaxed

sleepy

5
extremely

A.5 NEO-PI-R
On the following pages, there are phrases describing people's behaviors. Please use the
rating scale below to describe how accurately each statement describes you. Describe
yourself as you generally are now, not as you wish to be in the future. Describe yourself
as you honestly see yourself, in relation to other people you know of the same sex as you
are, and roughly your same age. So that you can describe yourself in an honest manner,
your responses will be kept in absolute confidence. Please read each statement carefully,
and then fill in the bubble that corresponds to the number on the scale.

Response Options
1: Very Inaccurate
2: Moderately Inaccurate
3: Neither Inaccurate nor Accurate
4: Moderately Accurate
5: Very Accurate
Often feel blue.
Have little to say.
Believe in the importance of art.
Have a sharp tongue.
Am always prepared.
Rarely get irritated.
Feel comfortable around people.
Am not interested in abstract ideas.
Have a good word for everyone.
Waste my time.
Dislike myself.
Keep in the background.
Have a vivid imagination.
Cut others to pieces.
Pay attention to details.
Seldom feel blue.
Make friends easily.
Do not like art.

Believe that others have good intentions.
Find it difficult to get down to work.
Am often down in the dumps.
Would describe my experiences as somewhat dull.
Tend to vote for liberal political candidates.
Suspect hidden motives in others.
Get chores done right away.
Feel comfortable with myself.
Am skilled in handling social situations.
A void philosophical discussions.
Respect others.
Do just enough work to get by.
Have frequent mood swings.
Don't like to draw attention to myself.
Carry the conversation to a higher level.
Get back at others.
Carry out my plans.
Am not easily bothered by things.
Am the life of the party.
Do not enjoy going to art museums.
Accept people as they are.
Don't see things through.
Panic easily.
Don't talk a lot.
Enjoy hearing new ideas.
Insult people.
Make plans and stick to them.
Am very pleased with myself.
Know how to captivate people.

Tend to vote for conservative political candidates.
Make people feel at ease.
Shirk my duties.

A.6 Modified ERF
Indicate to the degree to which you felt each of the different emotions shown below
RIGHT NOW. Use the following scale to record your answers.

o

8

None

A great deal

Amusement
Anger
Anxiety
Attentive
Boredom
Contentment
Disgust
Fear
Focused
Happiness
Interest
Joy
Relaxed
Sadness
Serenity
Sleepiness

A.7 Self-Report Arousal, Activation, & Valence
Please indicate by marking anywhere on the line provided what you current level of
arousal is. Arousal refers to how awake you are (e.g. sleepy would be low arousal and
alert would be high arousal).

Low Arousal

High Arousal

Please indicate by marking anywhere on the line provided what you current level of
activation is. Activation refers to intensity of feelings (e.g. relaxed would be low
activation and excited would be high activation)

Low Activation

High Arousal

Please indicate by marking anywhere on the line provided what the current valence of
your general feelings right now. Valence refers to the pleasantness or unpleasantness of
feelings (e.g. happy would be pleasant and sad would be unpleasant).

Unpleasant

Pleasant

Appendix B

B.1 Scatter Plot of AB Magnitude (y-axis) and Trait NA (x-axis).
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B.2 Scatterpiot of AB Magnitude (y-axis) and State PA (x-axis).
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B.3 Scatterplot of AB Magnitude (y-axis) and State Valence (PA-NA; x-axis).
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B.4 Scatterplot of AB Magnitude (y-axis) and Extraversion (x-axis).
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B.5 Scatterplot of AB Magnitude (y-axis) and Residual of Neuroticism Regressed on All
Other Personality Variables (x-axis).
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B.6 Scatterplot of AB Magnitude (y-axis) and Residual of Extraversion Regressed on All
Other Personality Variables (x-axis).
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B.7 Scatterplot of AB Magnitude (y-axis) and Residual of Openness Regressed on All
Other Personality Variables (x-axis).
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B.8 Scatterplot of AB Magnitude (y-axis) and Alpha:Theta Ratio at F3.
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B.9 Scatterplot of AB Magnitude (y-axis) and Alpha:Theta Ratio at F4.
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B.IO Scatterplot of AB Magnitude (y-axis) and Alpha:Theta Ratio at C4
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B.II Scatterplot of AB Magnitude (y-axis) and Alpha Power in the Eyes-Closed
Condition at F4 (x-axis).
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C.l Topographical map ofP3dw from 250- to 750-milliseconds following Tl in 20milliseconds intervals

C.2 Topographical map of online "CNV" (sustained positivity) in foreperiod preceding
RSVP stream from -2,000- to -550-milliseconds before Tl (l,050-milliseconds following
onset of fixation to beginning of RSVP stream) in 14.5-millisecond intervals

C.3 Topographical map of offline CNV from 570- to 2,250-milliseconds following
fixation in 16.8-millisecond intervals
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C.4 Topographical map of activation on distracter-only trials from -550- (beginning of
RSVP stream) to 1,320-milliseconds (end of RSVP stream) in 18.7-millisecond intervals
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