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Abstract

The present thesis investigated how words are processed within the context of visual
search. Both explicit and implicit measures were used to assess whether spatial attention is a
prerequisite for words to undergo processing. In the explicit search task, subjects searched a
display and indicated whether a word was present or absent among nonword distractors. In the
implicit task, priming was employed to index word processing. Subjects viewed the same search
displays that were used in the explicit task, however, the displays were presented briefly and
were followed by a single target letter string to which subjects performed a lexical decision. In
Experiments 3 through 6, in which the target was always presented at fixation, no priming was
evident. In Experiments 7 and 8 when the location of the target moved from trial to trial, priming
was observed. It is argued that attentional resources are narrowly allocated to a location in visual
space when target location is certain but diffusely allocated when target location is uncertain.
Furthermore, processing only occurs for words that fall within the suffusion of this strategically
pliable attentional beam. The results are also interpreted within the domains of perceptual cuing

and attentional capture.
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Chapter 1: Introduction

Cognitive psychology literature is rife with theories and experiments that explore
the phenomenon of visual search. Similarly, studies investigating word recognition are
well represented within the pages of these journals. Yet, interestingly, there have been
only a handful of experiments that have integrated these two areas of research. The
present study does so by investigating how people process words within the context of
visual search tasks. The purpose of the study is to gain a more complete understanding of
the relation between spatial attention and word processing. For example, is spatial
attention a prerequisite for word processing? Can the focus of spatial attention be
strategically broadened and narrowed depending on task demands? By colouring a word
in a display and making it a featural singleton, will processing of the word be enhanced?
Put another way, can a featural singleton marshal the attentional resources necessary to
process the identity of the featural carrier? At present, the role that spatial attention plays
in the processing of words is controversial. This study seeks to help clarify that role.

One line of thought is that spatial attention must be brought to bear upon a
stimulus before it is processed to the level of meaning. This account, dating back to the
selective filter theory of Broadbent (1958), is referred to as an early selection account
because it presupposes that spatial attention must be allocated early in the temporal
processing stream before any meaningful processing begins. In contrast, contemporaries
of Broadbent (e.g., Deutsch & Deutsch, 1963), argued that spatial attention is not

necessary for meaningful identification. Proponents of this late selection account



theorize that stimulus identification occurs in parallel across the visual field prior to
attentional selection. In terms of lexical processing then, early selection accounts
contend that spatial attention is necessary for lexical activation whereas late selection
accounts argue that it is not.

Over the past fifty years many experiments have been conducted that have tested
these competing viewpoints. The paradigm that has probably been employed more
extensively than any other in this endeavor is the flanker task. Eriksen and Eriksen
(1974) introduced this task to investigate whether letters can be processed in the absence
of spatial attention. Since then, numerous studies have explored the flanker compatibility
effect by asking participants to identify or categorize targets that are flanked by
congruent or incongruent distractors. For example, in a study by Shaffer and LaBerge
(1979), participants identified a target word by responding manually to the category of
that target. Participants pressed one button if the word was from the category of metal or
clothing, and another button if the word was from the category of furniture or trees.
Above and below each target were category distractor words that were either paired with
the same response button as the target or paired with the other response button. Their
results showed that participants were slower when the distractors were paired with a
response button different from that of the target. Shaffer and LaBerge argued that the
distractor words must have been processed outside of spatial attention given that attention
was focused upon the target word. Such conclusions are common with these types of
experiments.

This conclusion, however, highlights the difficulty of studying spatial attention

using such a paradigm. An alternative inference is that subjects simply moved their



attention to the distractor items during the task. Indeed, a number of researchers have
commented upon this problem, arguing that in experiments that investigate processing in
the absence of attention, the “unattended stimuli” are not necessarily unattended. (e.g.,
Besner, Risko, & Sklair, 2005; Lachter, Forster, & Ruthruff, 2004; Yantis & Johnston,
1990). Lachter et al. (2004) discuss the difficulty of distinguishing between attended and
unattended stimuli by underscoring Broadbent’s (1958) concepts of leakage and slippage.
Leakage occurs when unattended information is meaningfully processed. Thus, although
attention may be allocated elsewhere, distractor information still undergoes processing
that leads to identification. The idea is that extraneous information leaks through the
attentional filter, which is designed to keep superfluous information from interfering with
the uptake of preferentially selected information. Alternatively, slippage occurs when
attention is initially focused upon preferentially selected information but briefly moves to
the distractor items. The distractor items undergo processing but only after attention has
been brought to bear upon them.

Unfortunately, within any given flanker experiment, assignment of whether
slippage or leakage occurred can be made post hoc and with theoretical bias. For
example, an early selection proponent might base her assessment of the slippage/leakage
distinction upon the completed results. If the distractor items affect the response to the
target then she ascribes the effect to slippage (and thus she concludes that there is no
breach of the attentional filter through the process of leakage). In contrast, if the
distractor items do not affect responses to the target then she argues that there was no
slippage in this particular case (and thus, once again, she concludes that there is no

breach of the attentional filter by the process of leakage).



It is clear that investigating spatial attention using varied approaches is important
to eschew the slippage/leakage dilemma. One possibility is to present subjects a display
of letter strings and allow them to move their attention in the display as they see fit. By
manipulating factors such as task, the duration of the display, the number and types of
items in the display, and the colour of items in the display, one can potentially investigate

the requisite circumstances involved in processing words.



Chapter 2: Explicit Visual Search to Index Word Processing

Our first undertaking was to investigate word recognition within the context of an
explicit visual search task. We used a straightforward paradigm typically found within
the visual search literature (e.g., Duncan & Humphreys, 1989; Treisman, 1988; Treisman
& Gelade, 1980; Wolfe 1994; Wolfe, Cave, & Franzel, 1989). Participants simply
searched for a target among distractors and indicated whether the target was present or
absent. The target was always a word and the distractors nonwords. The purpose of the
experiment was to investigate whether the task would produce efficient search slopes
(e.g., RT increases little as a function of set size) or inefficient search slopes (e.g., RT
increases linearly as a function of set size). The explicit search task will provide a
baseline for subsequent implicit tasks.

According to Treisman’s feature integration theory (Treisman, 1988; Treisman &
Gelade, 1980) efficient searches are associated with targets that can be discriminated
from distractors at a preattentive stage. Within this preattentive stage, items in the
display are processed in parallel and, accordingly, there is no need to identify the target
item by using attention to “glue” constituent features, in order to make a discrimination
between it and the distractors. In contrast, the hallmark of inefficient searches is that
participants must focus spatial attention upon items in the display to synthesise
constituent features, consequently enabling the target/distractor discrimination.

If words are processed regardless of whether attention is brought to bear upon the
word, as argued by proponents of late selection accounts, then one might expect to see
relatively flat search slopes in such a task. This is because independent of the number of

distractors, the word should undergo processing and hence lead subjects to indicate that a



word is indeed present (of course, it is one matter for a word to undergo meaningful
processing and another for this processing to lead to an explicit response — this matter is
addressed later in the thesis). Conversely, if a prerequisite for word processing is the
allocation of spatial attention, then one might expect to see steep linear search slopes as
participants move attention from one item in the display to another to make
target/distractor discriminations.

Previous studies that have explored the task of searching for words among
nonword distractors have typically reported inefficient search slopes. For example,
Flowers and Lohr (1985) conducted a study in which participants searched for a
predefined word (e.g., DOG) among nonwords that were visually similar (e.g., DCG).
The task had a large number of trials as is common in the domain of psychophysics. They
reported that there was no evidence for a pop-out effect and that the results were
consistent with a serial self-terminating search. In other variations of visual search,
experimenters have had participants search for words with high emotional content. For
example, participants have searched for their own names among other names or word
distractors. Interestingly, these results have been inconsistent. Mack and Rock (1998)
reported that when participants searched for their own names there were very efficient
search slopes suggestive of pop-out, whereas Harris, Pashler, and Colburn (2004)
reported steep slopes consistent with serial search.

We wanted to conduct an explicit search task for words in our lab for two reasons.
First, the results from these visual search experiments would set the stage for a series of

implicit tasks examining how word processing is modulated by spatial attention. Second,



we wanted to modify the methodology from that previously employed to further an
understanding of how words are processed in visual space.

The target words in the task were not predefined, nor did they differ from
distractors by a single letter. Rather, subjects were instructed to simply indicate whether
a word was present or absent within a display. In addition, there were three types of
distractors, which were manipulated between subjects: Unpronounceable nonwords (e.g.,
mnxb); pronounceable nonwords (e.g., nolp); and pseudohomophones, (nonwords that
sound like words when pronounced, e.g., phir). If subjects employ a serial search when
discriminating words from nonwords, then we would expect to find differential search
slopes between the three types of distractors. For example, consider the following
scenario: Subjects perform the task by moving spatial attention from one item in the
display to another until they either find a word (and indicate yes) or search the entire
display without encountering a word (and indicate no). If such a strategy were used, then
for each item encountered in the display a decision must be made — word or not a word.
In lexical decision, typically, differentiating a word from an Unpronounceable nonword
(e.g., mnxb) is faster than differentiating a word from a pronounceable nonword (e.g.,
nolp), which in turn is faster than differentiating a word from a pseudohomophone
nonword (e.g., phir). Thus, if the search task is tantamount to making numerous lexical
decisions, we should not just see differences in the intercepts of the search slopes but also
differences in the slopes themselves. Alternatively, if subjects perform the task using a
different strategy (e.g., one that might utilize some type of holistic approach within the

display), then we might not expect significant differences in the search slopes.



EXPERIMENT 1
Method
Participants

Seventy-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.
Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Presence/Absence: Word-Present vs. Word-Absent) x 3 (Distractor Type:
Unpronounceable Nonwords vs. Pronounceable Nonwords vs. Pseudohomophone
Nonwords) mixed-subjects design. The factors of Set Size and Target Presence/Absence
were within-subject and the factor of Distractor Type was between-subject.
Stimulus materials and list construction

The word stimuli consisted of 64 four- and five-letter words randomly selected
from the Celex database (see Appendix A). A word was present on half of the trials and
each word appeared equiprobably across all conditions. For each of the distractor
conditions, there were 448 nonwords that were four or five letters in length. In the
Unpronounceable nonword condition, there were no vowels in any of the nonwords but
all consonants were equally likely to appear in each of the items (see Appendix B). The
pronounceable nonwords are presented in Appendix C. In the pseudohomophone
condition, the nonwords were constructed so that when they were pronounced, they

sounded like a word (see Appendix D). Examples for each nonword distractor type,



respectively, are mnxb, nolp, and phir. No items were displayed more than once for each
participant.

Each participant saw only one distractor type throughout the entire experiment.
Within each distractor type condition, all words and nonwords appeared equiprobably in
all conditions, across subjects. Both words and nonwords were rotated through the four
conditions formed by the two within-subjects factors of Target Presence/Absence (Word-
Present vs. Word-Absent) and Set Size (1, 3,5, 7). There were 128 experimental trials in
total.

Procedure

Subjects were tested individually, seated approximately 60 cm from the computer
monitor.  Subjects read through instructions that were displayed on the monitor.
Afterwards, the experimenter recapitulated the instructions aloud. Subjects were
instructed to respond present if a word was present in the display and absent if no word
was present in the display. They were asked to respond as quickly and accurately as
possible.

Stimuli were displayed on a standard 15-inch SVGA monitor controlled by Micro
Experimental Laboratory (MEL) software (Schneider, 1988, 1990) implemented on a
Pentium-1V (1,800 MHz) computer. Response accuracy and latency to the nearest
millisecond were measured by MEL software.

Each trial began with a fixation cross (+) at the center of the screen that was
displayed for 500 ms. Following fixation, a display appeared until subjects made a
response. The display consisted of one, three, five, or seven items presented in lowercase

72-point MEL system font. Letter strings subtended 1.3 or 1.6 degrees of visual angle



horizontally, depending on whether they were four or five letters, respectively. All letter
strings subtended 0.5 degrees of visual angle vertically.

In the Word-Present condition, one of the items in the display was a word and the
remaining items were nonwords. In the Word-Absent condition, all of the items were
nonwords. ltems were presented in one of sixteen locations within a 4 x 4 grid matrix.
The fixation cross was located at the centre of the matrix and each item was either 2, 4, or
6 degrees of visual angle from fixation.

Subjects responded by depressing one of two computer keys [Z, /], which were
counterbalanced across subjects and mapped onto the responses of present and absent.
Responses initiated a 500 ms intertrial interval. All participants performed one block of
32 practice trials before completing the 128 experimental trials.

Results

Only correct responses were included in the analysis of the RT data (91.4 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 1.6 % of the
data. Two sets of analyses were conducted on the data. First, the data were analysed
using a three-factor mixed design. Second, search slopes were computed separately for
each Distractor Type and Target Presence/Absence condition, the results of which are
summarized in Figures 1 and 2.

Three-factor mixed design analysis

The RT data were analysed using a 3 x 2 x 4 analysis of variance (ANOVA)

examining the between-subjects factor of Distractor Type (Unpronounceable Nonwords

vs. Pronounceable Nonwords vs. Pseudohomophones) and the within-subjects factors of
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Target Presence/Absence (Word-Present vs. Word-Absent) and Set Size (1 vs. 3 vs. 5 vs.
7). The data are presented in Appendices F, G, and H. All three main effects were
significant; for Target Presence/Absence, F(1,69) =262, MSE = 57637, p <.001, for Set
Size, F( 3,207) = 927, MSE = 46982, p < .001, and for Distractor Type, F( 2,69) = 39.7,
MSE = 346757, p < .001. All interactions were also significant; for Target
Presence/Absence by Distractor Type, F( 2,69) = 9.88, MSE = 57637, p < .001, for Set
Size by Distractor Type, F( 6,207) = 24.6, MSE = 46982, p < .001, for Target
Presence/Absence by Set Size, F( 3,207) = 150, MSE = 19222, p < .001, and finally for
Target Presence/Absence by Set Size by Distractor Type, F( 6,207) = 2.24, MSE =
19222, p < .05,
Search slope analysis

Search slopes were computed for each of the Distractor Types for both Word-
Present and Word-Absent conditions, and are depicted in Figures 1 and 2. In addition,
data are presented in Appendix I. For both Word-Present and Word-Absent conditions an
ANOVA was computed to test if there were differences in search slopes between the
distractor conditions. In the Word-Present condition, there was a significant difference
between the slopes of the distractor conditions, F( 2,69) = 36.7, MSE = 1606, p < .001.
Planned comparisons between each of the three Distractor Types were conducted using
the omnibus error term, SEM = 11.57: t(23) = 5.93, p < .001 for Unpronounceable
nonwords vs. pronounceable nonwords; t(23) = 8.31, p < .001 for Unpronounceable
nonwords vs. pseudohomophones; t(23) = 2.38, p < .05 for pronounceable nonwords vs.
pseudohomophones. In the Word-Absent condition, there was also a significant

difference between the slopes of the distractor conditions, F( 2,69) = 20.5, MSE = 5813, p
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Figure 1. Mean response times as search slopes (in ms), and percentage errors, for Word-

Present trials for each distractor type in Experiment 1.
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Figure 2. Mean response times as search slopes (in ms), and percentage errors, for Word-

Absent trials for each distractor type in Experiment 1.
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< .001. Planned comparisons between each of the three Distractor Types using the
omnibus error term, SEM = 22.01, were as follows; t(23) = 4.05, p < .001 for
Unpronounceable nonwords vs. pronounceable nonwords; t(23) = 6.33, p < .001 for
Unpronounceable nonwords vs. pseuhomophones; t(23) = 228, p < .05 for
pronounceable nonwords vs. pseudohomophones.

In sum, search functions were steep and linear. They differed for each of the three
Distractor Types such that the Unpronounceable Nonword condition yielded the
shallowest search slopes, the Pronounceable Nonword condition yielded the next
shallowest slopes, and the Pseudohomophone condition had the steepest search slopes.

Error data. Error data were computed separately for Word-Present and Word-
Absent conditions and are included in Figures 1 and 2, respectively and in Appendix I. In
the Word-Present condition an ANOVA revealed that there was a significant main effect
of Set Size F( 3,207) = 35.9, MSE = 80.4, p <.001, such that errors increased as Set Size
increased. There was no interaction between Set Size and Distractor Type, F( 6,207) =
1.06, MSE = 80.4, p > 1. In the Word-Absent condition error rates did not differ across
Set Size, F( 3,207) = 1.39, MSE = 15.5, p > .1, nor was their an interaction between Set
Size and Distractor Type, F( 6,207) = 1.56, MSE =15.5,p> .1
Discussion

Search slopes were steep for all three types of nonword distractors. As set size
increased, RT increased linearly. The results are consistent with a serial search strategy in
which participants performed the task by focusing attention upon one item in the display,
made a presence/absence discrimination, and then moved attention to the next item in the

display if necessary. Furthermore, search slopes became steeper as distractor similarity
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increased. The shallowest search slopes were obtained when the distractors were
Unpronounceable nonwords (e.g. mnxb), the next steepest slopes occurred when the
distractors were prounceable nonwords (e.g., nolp), and the steepest slopes occurred
when the distractors were psuedohomophones (e.g., phir). Differential search slopes are
consistent with the hypothesis that subjects moved spatial attention from one item in the
display to another until they either found a word or searched the entire display without
encountering a word. As target\distractor differentiation becomes more difficult, the
decision as to whether any given item is a word should take longer, and as such, should
be reflected in steeper search slopes, which was revealed by the results.

It is worth commenting upon the steep search slopes in the Unpronounceable
Nonword condition (e.g., mnxb distractors). Heuristically, one might have speculated
that it would be possible to pick out a word quickly from a display that consisted of
consonant clusters based wupon, if nothing else, target/distractor orthographic
dissimilarities. This, however, does not appear to be the case. Rather, it appears that
spatial attention is necessary to distinguish words from consonant clusters in the same
way that it is necessary to distinguish words from pronounceable nonwords. This result
is consistent with a set of cueing experiments conducted by Ferguson, Risko, Stolz, and
Besner (submitted), in which participants performed lexical decisions to targets whose
locations were either validly or invalidly cued. Type of nonword was manipulated
between subjects. The results revealed that not only pronounceable nonwords but
consonant clusters, as well, were additive with the spatial manipulation of cuing. Thus,

both the cueing experiments described here and Experiment 1 suggest that spatial
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attention is necessary for orthographic processing, as indexed by differentiating words
from consonant strings.
EXPERIMENT 2

The results obtained in Experiment 1 are consistent with the strategy of moving
attention from one item in the display to another as the task is performed. Thus, when
attention is free to wander throughout the display, the results are characterized by serial
search. The next experiment, which will provide a baseline for subsequent implicit tasks,
examines what happens when attention is directed to the salient item in the display.
Directing attention was accomplished by colouring one of the items red. If a word was
present in the display, then the word was coloured red. If a word was not present, then
one of the distractors, chosen at random, was coloured red. Accordingly, all of the
pertinent information as to whether a word was present in the display was found at the
location of a featural singleton. The utility of investigating flat search slopes will become
particularly apparent when we employ implicit measures to index word processing.
Method
Participants

Seventy-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.
Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Presence/Absence: Word-Present vs. Word-Absent) x 3 (Distractor Type:

Unpronounceable Nonwords vs. Pronounceable Nonwords vs. Pseudohomophone
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Nowords) mixed-subjects design. The factors of Set Size and Target Presence/Absence
were within-subject and the factor of Distractor Type was between-subject.
Stimulus materials and list construction

The same stimuli that were used in Experiment 1 were used here. Thus, once
again, each participant saw only one Distractor Type throughout the entire experiment.
Within each Distractor Type condition, all words and nonwords appeared equiprobably in
all conditions. Both words and nonwords were rotated through the four conditions formed
by the two within-subjects factors of Target Presence/Absence (Word-Present vs. Word-
Absent) and Set Size (1, 3,5, 7). There were 128 experimental trials in total.
Procedure

The procedure was the same as that for Experiment 1 except for the following. In
the Word-Present condition, the word was always presented in red (red 72-point MEL
system font). In the Word-Absent condition, one of the distractors was selected at
random to be presented in red. The remaining nonword items in the display were
presented in white (white 72-point MEL system font). Thus, one and only one item in the
display was coloured red. Subjects were instructed to respond to whether the red item in
the display was a word or not a word. Subjects responded by depressing one of two
computer keys [Z, /], which were counterbalanced across subjects and mapped onto the
responses of present and absent.
Results

Only correct responses were included in the analysis of the RT data (95.7 % of the
total trials in the experiment). These data were first submitted to a recursive outlier

analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 1.4 % of the
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data. As was done for Experiment 1, two sets of analysis were conducted on the data.
First, the data were analysed using a three-factor mixed design. Second, search slopes
were computed separately for each Distractor Type and Target Presence/Absence
condition.
Three-factor mixed design analysis

The RT data were analysed using a 3 x 2 x 4 analysis of variance (ANOVA)
examining the between-subjects factor of Distractor Type (Unpronounceable Nonwords
vs. Pronounceable Nonwords vs. Pseudohomophones) and the within-subjects factors of
Target Presence/Absence (Word-Present vs. Word-Absent) and Set Size (1 vs. 3 vs. 5 vs.
7). The data are presented in Appendices J, K, and L. All three main effects were
significant; for Target Presence/Absence, F( 1,69) = 53.4, MSE = 7378, p < .001, for Set
Size, F( 3,207) = 23.9, MSE = 2903, p < .001, and for Distractor Type, F( 2,69) = 16.1,
MSE = 95571, p < .001 (The significant main effect of Set Size was surprising given our
prediction of flat search slopes, however, this effect is qualified by the following. First, a
Fisher’s LSD post hoc test revealed that only set size 1 differed from the other set sizes,
MSE = 17.1. In addition, Set Size did not interact with any other factor. Finally, as
shown below, slopes were very efficient and did not differ across Distractor Type. We
therefore conclude that at Set Sizes of 3, 5, and 7, there is a stimulus filtering cost for
distractors, which is not present at Set Size 1). The only interaction that was significant
was Target Presence/Absence by Distractor Type, F( 2,69) = 21.3, MSE = 7378, p < .001.

For all other interactions, F < 1.26.
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Search slope analysis

Search slopes were computed for each of the Distractor Types for both Word-Present and
Word-Absent conditions, and are depicted in Figures 3 and 4. Subject means are
presented in Appendix M. For both Word-Present and Word-Absent conditions an
ANOVA was computed to test if there were differences in search slopes as a function of
Distractor Type. In the Word-Present condition, there was no difference in slopes as a
function of distractor condition, F( 2,69) < 1. In the Word-Absent condition, there was
also no significant difference in slopes, although this effect was marginal, F( 2,69) =
2.79, MSE = 180.3, p > .05.

Error data. Error data were computed separately for Word-Present and Word-
Absent data and are included in Figures 3 and 4 and in Appendix M. In the Word-Present
condition an ANOVA revealed that error rates did not differ across Set Size F( 3,207) <1
nor was there any interaction between the effects of Set Size and Distractor Type, F(
6,207) = 1.51, MSE = 26.6, p > 1. In the Word-Absent condition error rates did differ as
a function of Set Size, F( 3,207) = 3.61, MSE = 23.8, p < .05. To interpret this result,
within-subjects contrasts revealed Set Size to have a significant quadratic relationship, F
(1,69) = 5.66, MSE = 23.1, p < .05. We see no theoretical motive for Set Size 5 to have
fewer errors than the other set sizes in this Word-Absent condition. This result in all
likelihood does not compromise our interpretation of the RT data. There was no
interaction between the effects of Set Size and Distractor Type, F( 6,207) < 1.

Discussion
Search slopes were very shallow for all three types of nonword distractors and

there was no difference in any of the slopes as a function of Distractor Type. The results
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Figure 3. Mean response times as search slopes (in ms), and percentage errors, for word

present trials for each distractor type in Experiment 2.
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Figure 4. Mean response times as search slopes (in ms), and percentage errors, for word

absent trials for each distractor type in Experiment 2.
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are consistent with the hypothesis that instructing participants to respond to the red target,
directed attention to the salient item. Although the results of Experiment 2 are not
surprising, they perform the function of providing a baseline for the implicit search tasks,
as will become apparent presently.

Word identification is dependent upon spatial attention in explicit search tasks

In the first experiment, attention was free to wander. Participants moved attention
from item to item using a serial search strategy. Accordingly, responding to the presence
of a word was relatively slow. In the second experiment, attention was directed to the
word if it was present and, accordingly, responding to the presence of a word was
relatively fast. Taken together, these explicit search results are consistent with the
predictions of early selection. It appears that words are not meaningfully processed until
spatial attention is brought to bear upon the letter string. In Experiment 1, if the presence
of a word in the display had resulted in response times relatively independent of set size,
then that would have constituted evidence for word processing outside of the focus of
attention. Given that such a result was not obtained, there is no evidence that words were
processed without attention.

Of course, it remains entirely possible that in Experiment 1 the information in the
display was processed in parallel but that this processing was not indexed by our explicit
search task. In other words, the target word, when present, did undergo processing
necessary for lexical activation but participants continued to search from item to item in
the display because of a disconnect between this activation and functional awareness of
this activation. To examine this possibility we conducted a series of experiments. The

purpose of these experiments was to employ implicit measures to address the possibility
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that words are processed to the level of meaning before spatial attention is brought to
bear upon them. We turn now to the experiments, which used priming as the implicit

measure to index processing.
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Chapter 3: Implicit Visual Search to Index Word Processing

In this set of experiments, participants viewed the same displays that were
presented in Experiments 1 and 2, however, the displays were presented for brief
durations. Following the display a single target letter string appeared to which subjects
performed a lexical decision. When the letter string was a word, half of the time it was
the same word that appeared in the display. In this way, identity priming could be used
to investigate whether a word in the display undergoes processing.

In this type of an experimental design, attention is allocated as the participant sees
fit. Participants are not asked to attend to, or ignore, any one specific item in the display.
They are simply shown the briefly-presented display, consisting of one to seven items,
and then tested immediately afterwards to see how much, if any, processing of the items
has occurred. One advantage of taking the tack of not having specific items to focus
upon is that, at least in some ways, it eschews the slippage/leakage problem because there
is no target to slip/leak from. Thus, the experiment might be viewed as a test of one’s
capacity to process items rather than a test of one’s selective ability to process a single
item. If the items in the display undergo processing, then response latencies in the lexical
decision task will be shorter for identity targets than for unrelated targets.

There appear to be three plausible outcomes. First, there may be absolutely no
priming. This would be the strongest result for the hypothesis that, unless attention is
focused specifically upon the prime word in the display, no processing of that item
occurs. Second, there may be a priming effect, independent of set size. This would be
the strongest result from the viewpoint of late selection. In this case, the results would

suggest that the items in the display were processed in parallel in the explicit task but that
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subjects, nonetheless, moved attention from item to item to perform the task. Finally, the
results may reveal a hybrid of the alternatives listed above. For example, there may be a
priming effect, but the priming effect is qualified by set size. In this scenario, priming
would be obtained at small set sizes but not at larger set sizes. Interpretation of the latter
result may entail consideration of how processing is constrained by capacity limitations
(e.g., Lavie, 1995).
EXPERIMENT 3
Method
Participants

Thirty-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.
Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.
Stimulus materials and list construction

The word stimuli consisted of the same 64 words used in Experiments 1 and 2,
plus an additional 192 four and five letter words randomly selected from the Celex
database. A word was always present in the search display and each word appeared
equiprobably across all conditions, across subjects. The only distractor condition used in

this experiment was the Pronounceable Nonword condition. The same 448 nonwords
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that were used in Experiments 1 and 2 were used here. No items were displayed more
than once for each participant.

Stimuli were rotated through the 16 conditions formed by the three within-
subjects factors of Target Lexicality (Word vs. Nonword), Relation (Related vs.
Unrelated) and Set Size (1 vs. 3 vs. 5vs. 7). There were 128 experimental trials in total.
Procedure

Subjects were tested individually, seated approximately 60 cm from the computer
monitor. Subjects read through instructions that were displayed on the monitor, and the
experimenter then recapitulated the instructions aloud. Subjects were asked to make a
lexical decision to a target letter string that followed a briefly presented display. They
were asked to respond as quickly and accurately as possible.

Stimuli were displayed on a standard 15-inch SVGA monitor controlled by Micro
Experimental Laboratory (MEL) software (Schneider, 1988, 1990) implemented on a
Pentium-1V (1,800 MHz) computer. Response accuracy and latency to the nearest
millisecond were measured by MEL software. Letter strings subtended 1.3 or 1.6 degrees
of visual angle horizontally, depending on whether they were four or five letters long,
respectively. All letter strings subtended 0.5 degrees of visual angle vertically.

Each trial began with a fixation cross (+) at the center of the screen that was
displayed for 500 ms. Following fixation, a display appeared for 100 ms. The display
consisted of 1, 3, 5, or 7 letter strings presented in lowercase 72-point MEL system font.
Just as in the previous experiments, letter strings were presented in 1 of 16 locations
within a 4 x 4 grid matrix. The fixation cross was presented at the centre of the matrix

and each item was either 2, 4, or 6 degrees of visual angle from fixation. A word was
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always present in the display. Following the letter strings a mask appeared for 150 ms at
each of the 16 locations. The mask consisted of five characters from the top of the
keyboard (e.g., @%&#$). Following the offset of the mask, a target letter string
appeared at fixation. The target was equally likely to be a word or a nonword. On half of
the trials in which the target was a word, it was the same word that appeared in the
display.

Subjects performed a lexical decision task by depressing one of two computer
keys [Z, /], which were counterbalanced across subjects and mapped onto the responses
of word and nonword. Responses initiated a 500 ms intertrial interval. All participants
performed one block of 32 practice trials before completing the 128 experimental trials.
Results

Only correct responses were included in the analysis of the RT data (94.1 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 3.5 % of the
data. Data are presented in Appendix N and in Figure 5, which depicts response times
and confidence intervals, as well as percentage errors, for word targets as a function of
Relatedness and Set Size. All confidence intervals were calculated in accordance with
Loftus and Masson (1994). RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was no main effect of Relatedness, F(1,31) = 1.27, MSE = 2180, p > .1, or of Set Size, F(
3,93) = 1.00, MSE = 1545, p > .1, nor was their a significant interaction between the
effects of the two, F(3,93) = 1.12, MSE = 1771, p > .1. Statistical significance was also

tested using the nonparametric measures of the Sign Test and the Wilcoxon Signed Ranks
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Figure 5. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in

Experiment 3. The prime display duration was 100ms.
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Test. Both tests were collapsed over Set Size. The Sign Test showed there to be a trend
towards a relatedness effect with 20 subjects having a shorter response time for related
trials than for unrelated trials, and 12 showing the reverse trend. This trend, however,
was not statistically significant, Z = 1.2, p = .22. The Wilcoxon Signed Ranks Test was
also not significant, Z = 1.4, p = .15.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 5 and in Appendix N. An ANOVA revealed neither significant main effects for
Relatedness nor Set Size, nor was there a significant interaction between the two, all Fs <
1.

Mean RT for nonword data was 681 ms in the related condition and 683 in the
unrelated condition. The overall mean error rate for nonwords was 6.3%.
Discussion

No priming was observed in this experiment, although, as can be seen from
Figure 1 and from the nonparametric results, there was a trend towards a priming effect.
Statistically, however, response times in the lexical decision task were no faster when the
target letter string was identical to the word presented in the display, relative to when it
was unrelated to the word in the display. Furthermore, there was no priming whether the
word in the display was presented by itself, with two, four, or six nonword distractors. It
appears that we can tentatively conclude that the word in the display did not undergo
processing that could support priming. One potential criticism of this experiment is that
the duration of the prime display was not long enough for processing to occur. However,
there are numerous published studies reporting robust priming effects with briefly

presented primes at fixation. Marcel first demonstrated that even when a prime is
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presented very briefly so that it is not subjectively detected, semantic priming can still be
obtained (e.g., Marcel & Patterson, 1978; Marcel, 1983). Since then, several other
studies have replicated this result with identity primes at prime durations far less than 100
ms (e.g., Bodner & Masson, 1997; Forster & Davis, 1984). Thus, in the present
experiment, it seems that it is not the temporal duration of the prime that is insufficient to
produce lexical processing but the spatial location of the prime.

However, to empirically test if priming would be yielded at longer display
durations, we conducted a second experiment using a display duration of 200 ms.
Increasing the prime display to durations greater than 200 ms would make interpreting
the results difficult because of eye movements.

EXPERIMENT 4
Method
Participants

Thirty-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.

Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.

Procedure
The procedure was the same as that for Experiment 3 except that the display

duration was increased from 100 ms (in Experiment 3) to 200 ms (in Experiment 4).
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Results

Only correct responses were included in the analysis of the RT data (95.7 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 2.7 % of the
data. Data are presented in Appendix O and in Figure 6, which depicts response times
and confidence intervals, as well as percentage errors, for the word targets as a function
of Relatedness and Set Size. RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was no main effect of Relatedness, F( 1,31) <1, or Set Size, F( 3,93) <1, nor was there a
significant interaction between the two, F(3,93) = 1.49, MSE = 1120, p >.1. Once again,
the data were collapsed across Set Size and the Sign Test and the Wilcoxon Signed Ranks
Test were computed. The Sign Test revealed that 17 subjects showed a faster response
time for related trials than for unrelated trials, while 15 showed the reverse trend. This
result was not significant, Z < 1. The Wilcoxon Signed Ranks Test was also not
significant Z < 1.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 6 and in Appendix O. An ANOVA revealed no main effect for Relatedness
F(1,31) <1, nor Set Size F( 3,93) = 2.27, MSE = 40.5, p > .08, nor was there a significant
interaction between Relatedness and Set Size, F( 3,93) < 1.

Mean RT for nonword data was 683 ms in the related condition and 677 in the

unrelated condition. The overall mean error rate for nonwords was 4.5%.
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Figure 6. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in

Experiment 4. The prime display duration was 200ms.
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Discussion

The results of this experiment were consistent with the results of Experiment 3 in
that no priming was observed. Furthermore, it was inconsequential whether the word in
the display was presented by itself, with two, four, or six nonword distractors. There was
simply no evidence that the word underwent sufficient processing to support priming.
Narrow focus of spatial attention

To interpret these results it is instructive to consider how and where spatial
attention was allocated while the task was performed. If words require spatial attention to
be processed, and there was no evidence that the words in the display underwent
processing, then where were subjects allocating spatial attention? In other words, why
did the word in the display not fall within the focus of spatial attention? One possibility is
that subjects were focusing their attention narrowly upon the centre of the screen where
the target was always presented. Support for the notion that attention can be narrowly
focused upon a single location can be found within a number of studies (e.g., Eriksen &
Yeh; 1985, Eriksen & St. James, 1986; Laberge, 1983; Theeuwes, 1991; Yantis &
Jonides, 1990). For example, Eriksen et al. proposed a zoom lens account of spatial
attention to accommaodate the results of a number of spatial cueing studies. They argued
that attentional resources can be uniformly distributed over the entire visual field or they
can be highly focused upon one small location in space. Within this framework, there is
a concomitant increase in processing power as the focus of attention contracts to smaller
areas in the visual field. Thus, at a setting in which the entire visual field falls within the
allocation of attention, there is little or no detailed processing of any single item. As the

attentional focus constricts, there is a reciprocal increase in the amount of processing
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power that can be apportioned to any specific stimulus. Theeuwes (1991) also employed
a spatial cuing paradigm to argue that when attention is narrowly focused upon a
location, there is greater processing power. He found within a cuing task that absolute
response latencies to identify a target were much smaller when participants could have
employed a narrow focus of attention, relative to when they could not. We return later to
the possibility that participants are narrowly focusing their attention upon one location.
Colouring the prime to facilitate priming

To act as a control condition, we sought to conduct an experiment in which a
robust priming effect would be obtained. Drawing upon the visual search literature and
our Experiment 2 results, we hypothesized that if we could make the word in the display
visually “pop out” by making it a featural singleton then we would marshal bottom-up
resources that would direct spatial attention to the location of the visually unique
singleton (e.g., Bergen & Julesz, 1983, Bravo & Nakayama, 1992, Cave & Wolfe, 1990;
Duncan & Humphreys, 1989; Hoffman, 1979; Joseph & Optican, 1996; Koch & Ulman,
1985; Nakayama & Joseph, 1988; Niebur, Koch, & Rosin, 1993; Northdurft, 1993;
Theeuwes, 1992, 1994, 1996, 2006; Treisman, 1988; Treisman & Gelade, 1980; Wolfe,
Cave, & Franzel, 1989). Thus, we coloured the prime word in the display red and
conducted another experiment, the purpose of which was to guide attention to the prime
and obtain a priming effect with our materials and procedure.
EXPERIMENT 5
Method

Participants
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Sixty-four University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.

Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.

Procedure

The procedure was the same as that for Experiment 3 except that the word in the
briefly presented display always appeared in red (red 72-point MEL system font). The
remaining nonword items in the display were presented in white (white 72-point MEL
system font).

Results

Only correct responses were included in the analysis of the RT data (95.2 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 3.4 % of the
data. Data are presented in Appendix P and in Figure 7, which depicts response times
and confidence intervals, as well as percentage errors, for the word targets as a function
of Relatedness and Set Size. RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was no main effect of Relatedness, F( 1,63) < 1, or Set Size, F( 3,189) = 1.31, MSE =
2115, p > .1, nor was there a significant interaction between the two, although this effect

approached significance, F(3,189) = 2.26, MSE = 2127, p > .08. The reason that this
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Figure 7. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in
Experiment 5. The prime display duration was 100ms and the word in the display was

uniquely coloured.
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interaction approaches significance appears to be because of the large crossover seen at
Set Size 7, in which responses to unrelated targets were considerably faster than
responses to related targets. We can think of no reason why responses to unrelated targets
would be faster at large Set Sizes. However, to address the possibility that we were
missing a Relatedness effect at small Set Sizes we performed post hoc paired sample t-
tests for the Set Size of 1, t(63) = 1.14, SEM = 6.94, p = .26, and the Set Size of 3, t(63) <
1. As indicated by the results, response times to related trials were not faster, relative to
unrelated trials, at small Set Sizes. Nonparametric tests were also conducted. The Sign
Test revealed that 36 subjects showed a faster response time for related trials than for
unrelated trials, while 28 showed the reverse trend. This result was not significant, Z < 1.
The Wilcoxon Signed Ranks Test was also not significant Z < 1.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 7 and in Appendix P. An ANOVA revealed neither significant main effects for
Relatedness nor Set Size, nor was there a significant interaction between the two, all Fs <
1.

Mean RT for nonword data was 676 ms in the related condition and 677 in the
unrelated condition. The overall mean error rate for nonwords was 5.1%.
Discussion

Initially 32 participants were tested in this coloured prime condition, consistent
with the number that were tested in the previous priming experiments. However, to our
surprise, we still had no evidence of priming so to increase the power in this experiment
we tested an additional 32 subjects. Even with 64 subjects no significant priming effect

was observed. Once again, it was inconsequential whether the word in the display was
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presented by itself, with two, four, or six nonword distractors. It does not appear that the
uniquely coloured word was processed sufficiently to support repetition priming. Before
we comment further upon this result, we report another experiment in which the prime is
conspicuously coloured red and the duration of the prime display is increased to 200 ms.
EXPERIMENT 6
Method
Participants

Thirty-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.
Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.
Procedure

The procedure was the same as that for Experiment 5 except that the display was
presented for 200 ms.
Results

Only correct responses were included in the analysis of the RT data (94.1 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 2.1 % of the
data. Data are presented in Appendix Q and in Figure 8, which depicts response times

and confidence intervals, as well as percentage errors, for the word targets as a function
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Figure 8. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in
Experiment 6. The prime display duration was 200ms and the word in the display was

uniquely coloured.
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of Relatedness and Set Size. RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was no main effect of Relatedness, F( 1,31) < 1, or Set Size, F( 3,93) = 1.6, MSE = 1916,
p > .1, nor was their a significant interaction between the two, F(3,93) = 2.1, MSE =
1641, p > .1. Nonparametric tests were also conducted. The Sign Test revealed that 17
subjects showed a faster response time for related trials than for unrelated trials, while 15
showed the reverse trend. This result was not significant, Z < 1. The Wilcoxon Signed
Ranks Test was also not significant Z < 1.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 8 and in Appendix Q. An ANOVA revealed neither significant main effects for
Relatedness nor Set Size, nor was there a significant interaction between the two, all Fs <
15 p>.2

Mean RT for nonword data was 695 ms in both related condition unrelated
conditions. The overall mean error rate for nonwords was 8.3%.
Discussion

The results of Experiment 6 were consistent with Experiment 5 in that no priming
was observed. Once again, it appears that colouring the prime word in the display fails to
attract the attentional resources necessary to process the identity of the colour carrier.
Interpreting the four priming experiments

First, and most relevant to the present study, the results of Experiments 5 and 6, in
conjunction with the previous experiments, strongly undermine a late selection account of
how words are processed. It appears that when spatial attention is not focused upon the

prime word in the display, no lexical processing occurs. Had priming been evident,
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independent of set size and independent of the colour of the prime word in the display,
then that would have constituted strong evidence that items in the display were processed
in parallel. Given that such a result was not obtained, there is no evidence for parallel
processing. Priming was not even obtained at set sizes of one or when the prime was a
featural singleton. The results appear unequivocal. Words are not processed in a display
without the allocation of spatial attention.
Colouring the prime does not facilitate priming

It appears that colouring a word in a display does not draw the necessary
attentional resources to the colour carrier so that it can be subsequently processed.
Ostensibly, this contrasts with Experiment 2, which showed that colouring the word in
the display was an effective means to direct attention to the salient item in the display, as
evidenced by efficient search slopes. However, one important difference is that in
Experiment 2, subjects were instructed to attend to the red item in order to perform the
task. In Experiments 5 and 6 there was no such goal-oriented protocol. This suggests that
without the support of top-down influences, bottom-up influences, such as colour, may be
unable to marshal the attentional resources necessary to meaningful processes the identity
of the colour carrier. Previous studies that have examined whether attention is drawn
involuntarily to featural singletons in other types of tasks have had conflicting results
(e.g., see Jonides & Yantis, 1988; Folk & Annett, 1994; Hillstrom & Yantis, 1994;
Todd & Kramer, 1994; Pashler, 1988; Theewes, 1991, 1992, 2006; Joseph & Optican,
1996).

Subjects in Experiments 5 and 6 were informally asked several questions after

completing the task. One of the questions was, “Did you notice a red item in the
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display?” All of the subjects answered yes to this question. It is interesting that despite
the fact that subjects did not process the identity of the colour carrier, they were
subjectively aware that there was a red item present in the display. This is precisely what
Broadbent might have predicted nearly fifty years ago. He argued that only gross
features of items may permeate the attentional filter. Thus, whereas the registration of
gross characteristics such as colour are processed outside of spatial attention, other

information that is semantic in nature, such as the identity of a word, is not processed.
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Chapter 4: Implicit Visual Search with a Broadened Attentional Focus

Although the present results strongly question a late selection account of word
processing, researchers typically do not feel comfortable hanging their cognitive hats
upon null results. For the results to be truly compelling it would be preferable to modify
the experiment in such a way as to maintain the integrity of the paradigm but, at the same
time, yield a significant result. For example, if we could show participants the same brief
prime display, but, just by altering how participants apply their spatial attention, produce
a significant priming effect, then that would be a truly compelling argument for the
necessity of spatial attention in word processing.

In other words, we want to induce an alternative mental set within participants as
they perform the task. The role of mental set has been discussed in psychology journals
for a century. Gibson (1941) defined mental set as, “the state of preparedness determined
by a person’s context.” It has long been known that behavioural responses to local
stimuli are impacted, not just by the stimuli themselves, but by goal-directed or top-down
processes. How people perceive stimuli is dependent upon participant goals, instructions,
motivations, experiences, expectations, etc. The phenomena of change blindness (e.g.,
Rensink, 2000; Simons & Levin, 1997) and context effects (e.g., Biederman, Glass, &
Stacy, 1973; Friedman, 1979) are well documented examples of how top-down processes
affect the way in which stimuli are processed.

Relatively recently, however, researchers have demonstrated that even putatively
automatic processes are not exempt from the influences of mental set. Historically,
certain stimuli have been thought to draw attention reflexively, independent of conscious

intent. One example in the spatial attention literature is the use of abrupt onset cues. The
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advent of the spatial cueing paradigm (e.g., Posner, 1980; Jonides, 1981) effectively led
researchers to believe that one of the properties of abrupt onsets is that they result in
involuntary stimulus-driven shifts of attention. In these spatial cuing tasks, subjects
responded to a target presented on the left or right of fixation. The target was preceded
by a cue, which was presented very briefly at the location of the target (valid cue
condition) or at the alternative location (invalid cue condition). Results consistently
demonstrated that for valid cues, there was a benefit in response time, but for invalid cues
there was a cost. This held true regardless of the percentage of time that the cue was
valid or invalid. Thus, these attentional shifts were labeled as exogenous and automatic
because they were seemingly outside the attentional control of participants (e.g., Posner,
1980; Jonides, 1981).

Visual search studies also offered evidence consistent with the claim that abrupt
onsets lead to automatic shifts of attention. For example, Yantis and Jonides (1984, 1988)
presented abrupt onsets in search displays and showed that when the target itself was an
abrupt onset, response times were very efficient. This, again, suggested that attention
was immediately deployed to the location of the abrupt onset item.

However, Folk, Remington, and Johnston (1992) challenged the view that
attention could be captured outside of the control of top-down processes. They argued
that even involuntary attentional capture (or as they referred to it, exogenous attention
orientation) was contingent upon mental set. They pointed to a confound in the existing
spatial cuing literature whereby the targets always shared a critical property with the cue.
They argued that because participants were set to respond to the target, other stimuli,

such as cues, sharing critical properties with the target would be attended because of
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goal-driven behaviour. For example, in a typical spatial cuing task, both the targets and
the cues appear as abrupt onsets. If the participant has the mental set to respond to the
dynamic luminance change of an upcoming target then the abrupt onset of the cue will
capture attention. Folk et al. tested their hypothesis by using stimulus properties of
colour and abrupt onsets for both cues and targets. They found that when participants
were set to respond to a target based on the defining characteristic of colour, abrupt onset
cues did not capture attention, whereas colour cues did capture attention. Conversely,
when the participant was set to respond to a target based on the defining characteristic of
an abrupt onset, abrupt onset cues captured attention, whereas colour cues did not. This
result supported their hypothesis that exogenous attention orientation was contingent
upon top-down processes rather than being solely a function of stimulus properties.
Subsequent studies have supported this hypothesis (e.g., Folk & Annett, 1994, Folk &
Remington, 1998, 2006; Folk, Remington, & Wright, 1994; Yantis & Egeth, 1999).

Other stimulus properties have also been reputed to orient attention reflexively.
Some researchers have argued that featural singletons attract attention in a strictly
bottom-up manner (e.g., Bergen & Julesz, 1983, Bravo & Nakayama, 1992, Cave &
Wolfe, 1990; Duncan & Humphreys, 1989; Hoffman, 1979; Joseph & Optican, 1996;
Koch & Ulman, 1985; Nakayama & Joseph, 1988; Niebur, Koch, & Rosin, 1993;
Northdurft, 1993; Theeuwes, 1991, 1992, 1994, 2006; Wolfe, Cave, & Franzel, 1989).
However, other studies have provided evidence suggesting that this may not be the case
(e.g., Folk & Annett, 1994; Folk & Remington, 2006; Hillstrom & Yantis, 1994; Jonides
and Yantis, 1988; Todd & Kramer, 1994). Indeed, Experiments 5 and 6 of the present

study suggest that colour singletons do not involuntary capture attention. If they did
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capture attention in a strictly stimulus-driven manner we would expect to see a significant
priming effect.

Finally, other cognitive tasks that have been presumed to engage automatic
processes have also been shown to be contingent upon mental set. For example, Bauer
and Besner (1997) demonstrated the effects of top-down processing in a variant of the
Stroop effect. The Stroop effect has long been a bulwark for those arguing that there
exists stimulus-driven automatic processes. Bauer and Besner showed that whether or
not a Stroop effect was observed depended on the task instructions given to the
participants.

In sum, how one processes stimuli is impacted to a large extent by mental set.
Thus, it may be possible to change the mental set of participants and subsequently
encourage them to process the search displays differently. Specifically, we want to see if
we can induce participants to process words that were previously unprocessed.
EXPERIMENT 7

The purpose of the following experiment was to attempt to change how
participants allocate their spatial attention when viewing the prime display. The previous
null results of Experiments 3 to 6 were particularly interesting given that they persisted
even when the prime word in the display was coloured and when the display size was
one. As mentioned earlier, one explanation is that attention was focused solely on the
centre of the screen throughout the task. This suggests that the letter strings in the
display were presented outside of this narrow focus and, accordingly, were not processed.
In contrast to the visual search experiments (i.e., Experiments 1 and 2), in all of the

priming experiments up to this point, participants were never required to move spatial
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attention throughout the display to perform the task. The fixation symbol appeared at the
beginning of a trial, the display appeared, and then the target word, which required a
response, appeared at fixation. Thus, the task relevant information was always at fixation
and there was never a need for subjects to allocate spatial attention to any other location.

Therefore, for the next experiment, we sought to prevent participants from
focusing attention exclusively upon a single location in space. Instead, subjects were
encouraged to expand their spatial attention to include a broader area. This was
accomplished by moving the location of the target letter string from trial to trial.
Importantly, the prime display was presented exactly as it was presented in the previous
experiments. By moving the location of the target, subjects could no longer complete the
task by focusing attention solely at fixation. Rather, they would need to broaden their
application of spatial attention to incorporate all possible locations for the target. Our
hypothesis was that this would also broaden the extent to which locations in the prime
display would be processed. Therefore, our prediction was that areas of the prime display
that were previously unattended would now be attended, and that furthermore, this
increase in the suffusion of spatial attention would lead to a significant priming effect.
Method
Participants

Thirty-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-

normal vision.
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Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.
Procedure

The procedure was the same as that for Experiment 6 except for the following.
Following the offset of the prime display, the target letter string appeared at one of four
locations, rather than at fixation. The four possible locations formed “a square” around
fixation, such that each was 3 degrees of visual angle from fixation. The target was
equally likely to be presented in any of the four locations.
Results

Only correct responses were included in the analysis of the RT data (95.5 % of the
total trials in the experiment). These data were first submitted to a recursive outlier
analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 2.5 % of the
data. Data are presented in Appendix R and in Figure 9, which depicts response times
and confidence intervals, as well as percentage errors, for the word targets as a function
of Relatedness and Set Size. RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was a significant main effect of Relatedness, F(1, 31) = 4.73, MSE = 3055, p < .05.
There was no main effect of Set Size, F(3, 93) = 1.12, MSE = 2015, p > .1, nor was their
a significant interaction between the two, F(3, 93) < 1. Nonparametric tests also yielded
significant results. The Sign Test revealed that 22 subjects showed a faster response time

for related trials than for unrelated trials, while 10 showed the reverse trend. This result
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Figure 9. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in
Experiment 7. The prime display duration was 200ms and the word in the display was

uniquely coloured. The target location was spatially uncertain.
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was significant, Z = 2.0, p = .05. The Wilcoxon Signed Ranks Test was also significant Z
=2.0,p<.05.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 9 and in Appendix R. An ANOVA revealed neither significant main effects for
Relatedness nor Set Size, nor was there a significant interaction between the two, all Fs <
14,p>.2.

Mean RT for nonword data was 882 ms in the related condition and 885 in the
unrelated condition. The overall mean error rate for nonwords was 5.2%.
Discussion

A significant priming effect was observed in Experiment 7. By moving the
location of the target from trial to trial, subjects could not complete the task by narrowly
focusing attention upon one location in space. Rather, they needed to broaden the focus
of their spatial attention so that they could aptly process the target letter string when it
appeared in one of the four possible locations. By broadening the aperture of their focus
to include possible locations for the upcoming target, areas of the prime display were also
processed, which resulted in a significant priming effect.

This result highlights the important role that mental set plays in processing words.
It also underscores the fact that whether or not words are processed does not depend
exclusively on bottom-up stimulus-driven processes. In the present context one critical
aspect of top-down control appears to be how participants allocate attention to spatial
locations in the visual display. Before further discussion, a follow-up experiment is
reported. The purpose of this experiment is to assess whether priming will persist when

the location of the target letter string is uncertain but the prime word is not coloured.
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EXPERIMENT 8

It is plausable that the priming effect obtained in Experiment 7 was a result of the
conjunction of two factors: the target being moved; and the prime word being coloured.
We tested this possibility by not colouring the prime word in the display but still moving
the target from trial to trial. If a significant priming effect is again observed, then it seems
reasonable to conclude that moving the target facilitates processing of the word in the
search display.
Method
Participants

Thirty-two University of Waterloo undergraduate students took part in the
experiment. All spoke English as their first language and all had normal or corrected-to-
normal vision.
Design

The experiment consisted of a 4 (Set Size: 1 vs. 3 vs. 5 vs. 7) x 2 (Target
Lexicality: Word vs. Nonword) x 2 (Prime Relation: Related vs. Unrelated) within-
subjects design.
Procedure

The procedure was the same as that for Experiment 7 except that the prime word
in the display was presented in the same white font (white 72-point MEL system font) in
which the other letter strings were presented.
Results

Only correct responses were included in the analysis of the RT data (94.8 % of the

total trials in the experiment). These data were first submitted to a recursive outlier
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analysis (Van Selst & Jolicceur, 1994), which resulted in the elimination of 2.3 % of the
data. Data are presented in Appendix S and in Figure 10, which depicts response times
with confidence intervals, and percentage errors, for the word targets as a function of
Relatedness and Set Size. RT for word targets was assessed using a 2 x 4 ANOVA
examining Relatedness (Related vs. Unrelated) and Set Size (1 vs. 3 vs. 5 vs. 7). There
was a significant main effect of Relatedness, F( 1,31) = 5.18, MSE = 1909, p < .05.
There was no main effect of Set Size, F( 3,93) = 1.09, MSE = 2048, p > .1, nor was there
a significant interaction between the two, F(3,93) < 1. Nonparametric tests were also
conducted. The Sign Test revealed that 21 subjects showed a faster response time for
related trials than for unrelated trials, while 11 showed the reverse trend. Although there
was a trend towards significance (one more subject was required to show a significant
priming effect) the test was not significant, Z = 1.6, p > .05. The Wilcoxon Signed Ranks
Test, however, did yield a significant result, Z = 2.2, p < .05.

Error data. The mean error rates for each condition are shown at the bottom of
Figure 10. An ANOVA revealed neither significant main effects for relatedness nor Set
Size, nor was there a significant interaction between the two, all Fs < 1.5, p > .2.

Mean RT for nonword data was 864 ms in the related condition and 866 in the
unrelated condition. The overall mean error rate for nonwords was 5.7%.
Discussion

The results of Experiment 8 were consistent with Experiment 7 in that, overall,
the pattern of results is consistent with a significant priming effect. The prime word in
the display was presented in the same colour as the other letter strings in the display,

therefore, once again, colour does not appear to be a factor in facilitating priming.
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Figure 10. Mean response times (in ms) with 95% confidence intervals (Loftus and
Masson, 1994) and percentage error as a function of relatedness and set size in
Experiment 8. The prime display duration was 200ms and the word in the display was not

uniquely coloured. The target location was spatially uncertain.
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Regardless of whether the prime word was coloured or not, priming only occurred when
the target location was moved. This result underscores the critical role that spatial
attention plays in processing words. When spatial attention is applied more diffusely,

areas of the prime display, which were previously unprocessed, now undergo processing.
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Chapter 5: General Discussion

A series of experiments investigated word recognition within the context of visual
search. The goal was to address whether spatial attention must be brought to bear upon a
word before it is processed to the level of meaning. Two competing accounts make
different predictions about the role of spatial attention in word processing. Late selection
accounts assert that spatial attention is not required to identify words because stimulus
identification occurs in parallel prior to attentional selection. In contrast, early selection
accounts contend that spatial attention must be focused upon a word before it undergoes
processing.

Both explicit and implicit measures were used to assess whether spatial attention
is a prerequisite for word processing. In the explicit search task, subjects searched a
display and indicated whether a word was present or absent among nonword distractors.
Search slopes increased linearly as a function of set size for all three types of nonword
distractors, consistent with a strategy of serial search. In addition search slopes became
steeper as distractor similarity increased, suggesting, once again, that subjects moved
attention from item to item as they made present/absent discriminations.

In contrast, when the word in the display was coloured (or a nonword was
coloured on a word absent trial), search slopes were very efficient and did not differ
across Distractor Type. Colouring the target successfully directed attention to the task
relevant item. Taken together, the results from these explicit search tasks support an early
selection account of reading.

Another set of experiments was conducted in which explicit recognition was not

required to measure lexical processing. This was to address the possibility that in the
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explicit search task the items were processed in parallel, leading to lexical activation, but
that this activation was not indexed using the explicit task. In the implicit task subjects
viewed the same search displays that were used in the explicit task, however, the displays
were presented briefly and were followed by a single letter string to which subjects
performed a lexical decision. When the letter string was a word, half of the time it was
the same word that was presented in the display.

In Experiments 3 through 6, no priming was evident. We can therefore only infer
that there was no processing of the prime word in the display. In Experiments 7 and 8,
when task demands changed so that spatial attention was more diffusely allocated, a
significant priming effect was finally observed.
Using a spotlight metaphor to clarify the role of spatial attention

To borrow Posner’s (1980) metaphoric spotlight, Experiments 3 through 8
suggest that the attentional beam can be strategically broadened and narrowed. For
example, Experiments 3 through 6 were consistent with the idea that participants’
attentional beam was narrowly directed upon the centre of the display. The reason that
participants allocated their spatial attention in this way was because all of the information
necessary to efficiently perform the task was presented at fixation. Thus, task demands
allowed for a narrow attentional spotlight. Outside of this spotlight, words were not
sufficiently processed to support priming, as evidenced by the fact that there was no
difference in response latencies to identity targets, relative to unrelated targets.

However, in Experiments 7 and 8, the attentional spotlight was distributed more
diffusely in visual space. The reason for this was because participants were no longer

able to perform the task by narrowly focusing an attentional beam at fixation. The target
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was moved from trial to trial, which encouraged subjects to attend to a greater spatial
area. Thus, subjects strategically expanded their attentional spotlights to cover a greater
area in visual space. Accordingly, words in the prime display were also within this
increased attentional suffusion and underwent processing.

As mentioned, this notion of an expanding and contracting attentional spotlight
was proposed by Eriksen (e.g., Eriksen & St. James, 1986; Eriksen & Yeh, 1985), who
likened spatial attention to a zoom lens. How apt a description the spotlight metaphor
actually is remains to be seen, nonetheless, our results are consistent with an allegorical
broadening and narrowing beam.

Using attentional capture to explain the results

The present results could also be interpreted within a framework that need not
appeal to a dynamic spotlight that expands and contracts. For example, previous
experiments that have employed abrupt onsets as cues have demonstrated that, at least in
some cases, attention is captured by the abrupt onset (e.g., Jonides, 1981; Posner, 1980;
Theeuwes, 1994; Yantis & Jonides, 1984, 1988). As mentioned, Folk et al. (1992)
argued that attentional capture only occurs when targets are abrupt onsets themselves.
Yantis and Jonides (1990) and Theeuwes (1991) demonstrated another condition in
which the attentional capture of abrupt onsets in eliminated. They showed that when the
location of the upcoming target was known for certain peripheral abrupt onsets had no
distracting effect. Given this literature, one could couch the present results within an
attentional capture account rather than within a spotlight account.

For example, the letter strings in our prime display could be considered to be

abrupt onset stimuli themselves. Typically rectangular bars are used as abrupt onset cues,
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however, it is easy to see that a word or a letter string that is presented as an onset in a
display shares the same dynamic luminance characteristic. For the purposes of
illustration, consider first the condition where set size is one. In this condition, a single
word is presented in the prime display, after which a target is presented. The question is,
did the prime word capture attention, and subsequently lead to processing of that prime
word? In Experiments 3 to 6, the extant spatial cueing literature would predict that no
priming should occur. This is because with spatial certainty of the target location, the
distracting prime onsets should not draw attention and thus no processing of the prime
word should occur, which is consistent with the present results.

Alternatively, in Experiments 7 and 8, the spatial cuing literature would predict
priming. This is because without spatial certainty of the target location, the distracting
prime onsets should draw attention and hence lead to processing of the prime word. Note
that the target in the experiments was also an abrupt onset, which eschews Folk et al.’s
(1992) caveat that attentional capture of abrupt onsets only occurs when the target and the
prime share dynamic luminance change characteristics.

Interpreting the results within this attentional capture framework becomes
muddied, however, when set sizes other than one are considered. For example, when
three, five, or seven onsets are presented in the prime display how does attentional
capture occur? Is spatial attention apportioned equivalently between all of the letter
strings or is one item in the display preferential selected? If the latter is true, what
mechanism facilitates this selection? These types of questions may be explored in the

future. One critical point, however, is that whether one interprets the present results
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within an attentional capture framework or a dynamic spotlight framework, in both cases
attention is a requisite for processing words.
How does colouring a word in a display affect processing of that word?

It appears that when top-down influences are recruited to process the identity of a
uniquely coloured word in a display, the colour facilitates identification because the word
can be located quickly in visual space. Subsequently, spatial attention is allocated to the
coloured word, after which processing may commence. However, when a coloured word
is presented in a display and top-down influences are not recruited to process its identity
because the featural singleton is not relevant to the task, then it appears that no lexical
processing of the colour carrier occurs. Bottom-up influences alone appear to be
insufficient to marshal the attentional resources necessary for lexical processing. This
result is highlighted by Experiments 5 and 6, which showed that colouring the prime
word in the display did not facilitate priming.

This result, therefore, addresses a broader issue of whether attention is controlled
by top-down goal-oriented behaviour or bottom-up stimulus-driven processes. According
to a number of authors (e.g., Broadbent, 1958; Egeth, 1977; Neisser, 1967; Treisman,
1988; Treisman & Gelade, 1980), preattentive processes segment the visual field into
perceptual units based upon features such as colour, shape, and size. It is assumed that
this preattentive segmentation occurs in parallel and is not constrained by capacity
limitations. However, at question is how the limited capacity attention that follows is
apportioned to the segmented items. Is the allocation of this second type of attention
goal-driven or stimulus-driven? For example, do featural singletons involuntarily attract

the limited capacity attention necessary for meaningful processing? The present results

59



suggest not. However, as mentioned above, results from other studies have been mixed
(e.g., Jonides & Yantis, 1988; Folk & Annett, 1994; Hillstrom and Yantis, 1994, Todd &
Kramer, 1994; Pashler, 1988; Theewes, 1991, 1992, Joseph & Optican, 1996). Whether
featural singletons in a display receive processing beyond gross characteristics may well
be contingent upon mental set. As mentioned, the role of mental set has been shown to
have a much greater influence upon attentional control then was previously thought.

Thus, in the present study, it may have been the case that the identity of the
coloured items in the display were not meaningfully processed because the featural
characteristic of colour was not relevant to the task. In other words, colour was not
salient to target response. This interpretation is consistent with Folk et al.’s (1992)
contingent involuntary orienting hypothersis, which ascribes attentional capture to top-
down control settings. This account would predict that had colour been relevant to the
target, then the red primes in the display would have captured attention and hence, led to
processing of the prime word. This, however, is an empirical question that could be
addressed in a future study.

How does mental set affect word processing in the present context?

As mentioned above, mental set could influence whether or not a word is
processed depending on whether the cognitive system is configured to allow attention to
be guided to the word. In the above example, the very specific case of a coloured word
undergoing processing may well be contingent on whether control settings are set to
attend to the characteristic of colour. However, there is, perhaps, a more general role for

mental set in word processing — namely, how attention is allocated within visual space.
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We have argued that in Experiments 3 to 6, participants focused their spatial
attention narrowly upon one location in the display. The results are consistent with the
conclusion that when words are outside of this attentional focus they are not processed.
We have also argued that in Experiments 7 and 8 participants broadened their attentional
focus to incorporate a greater area of visual space. This broadening of attentional
resources led to meaningful processing of stimuli in the display. This capability to vary
the focus of attention from a diffuse distribution to a highly focused concentration can be
viewed as a faculty of mental set. Top-down control settings may change how attention
is directed within visual space as a function of task demands. When the location of the
target stimulus is unknown, control settings focus attention in a relatively distributed
manner incorporating possible target locations. Accordingly, more of the visual field is
meaningfully processed.

In contrast, when the stimulus that requires a response (i.e., the target) is
continually presented at one location, control settings direct highly focused attentional
resources upon that location. The reason for this narrow focus may be twofold. First,
distracting stimuli outside the suffusion of the attentional focus are not meaningfully
processed, which expedites the task of responding to the target. Second, as suggested by
Eriksen et al. (1985, 1986), when attention is narrowly allocated, there is a concomitant
increase in processing power.

In sum, it appears that how attention is allocated is based upon strategic control
settings. Whether words undergo processing is contingent upon top-down manipulations

of these control settings.
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How does mental set arise?

One interesting question concerning the present study is, how does mental set
come into being? The literature tends to functionally dichotomized behaviour as arising
from either bottom-up or top-down processes. For example, as mentioned previously,
abrupt onsets were, at one point, considered to cause involuntary shifts of attention. The
language that has been used to describe involuntary responses has included the terms
reflexive, bottom-up, stimulus-driven, automatic, and exogenous. These terms ar