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ABSTRACT

It is well established that attentional shifts are 

facilitated when a valid visual cue gives participants 

information regarding anticipated target location. Likewise, 

there is an attentional cost in response time when the 

target location is invalidly cued. There has been support in 

the literature for both space-based and object-based 

mechanisms as causal factors in this effect. Posner and 

Cohen (1984) discovered inhibition of return while 

investigating these cueing effects. Inhibition of return 

(IOR) is an attentional phenomenon wherein peripherally cued 

attention tends not to return to a validly cued location if 

more than 300 ms elapses between cue onset and target onset. 

There has been considerable debate in the literature 

regarding the space- or object-based nature of these effects 

as well. Egly, Driver, and Rafal (1994) designed a task to 

test for both space-based and object-based attentional 

effects in a single task. The current study was an attempt 

to apply the IOR paradigm to the Egly, Driver, and Rafal 

task. This study predicted that IOR would be manifest in 

this task. Additionally, it was predicted that space- and 

object-based effects would operate in an additive manner. 

Neither of these predictions were supported by the data. 

Object-based attentional effects were found in the
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vertically oriented display of Experiment 1 and in both

stimulus onset asynchrony conditions of Experiment 2.
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CHAPTER ONE

Introduction

Attention is a fundamental process of conscious and 

pre-conscious cognitive abilities which permits us to 

interact with, respond to, and change our environment. The 

attentional system in the brain functions specifically to 

keep us aware of our surroundings. Obj ects in our 

environment are attended to through various means including 

kinesthetic, auditory, and visual sensory modalities. Yet, 

despite the several means of collecting information and the 

exceptional capabilities of the human brain, there is a 

point at which we reach sensory overload. We can only be 

aware of a limited number of items simultaneously. Broadbent 

(1958) proposed his attentional filter model as a means of 

explaining the nature of sensory input channels and how we 

restrict the processing of sensory input. Although his 

initial theory has undergone several revisions over the 

years, the concept of a mechanism used to selectively attend 

to sensory input has become a fundamental component in 

cognitive psychology.

In the past twenty years, a wealth of experimentation 

has taken place in the study of visual selective attention. 

Metaphorical explanations of visual attention have been 

created upon which paradigms have been built. The spotlight 
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metaphor, proposed by Posner (1980) , suggests that attention 

moves from place to place in the visual field in an analog 

fashion. In this model, attention is considered to be like 

a spotlight. Information falling within the area of 

attention receives greater processing than that outside of 

the spotlight.

Attentional Mechanisms

In 1980, Posner differentiated between the orienting of 

attention and the detection of an object. This distinction 

was based on a physiological framework. Orienting to a 

particular point in space is considered a reflex in many 

cases, as when something suddenly appears in the corner of 

the line of sight and attention is drawn to that location; 

yet it is different from the actual perception of a 

stimulus.

Orienting of visual attention can be broken into two 

subcategories: overt, and covert. Overt orienting is simply 

the physical orienting of attention with the eyes, head, or 

body movement towards the object. The covert orienting of 

attention is, by definition, not obvious. It is a cognitive 

change in the attentional focal point. There are no body or 

eye movements detectable by an observer and therefore other 

means of assessing the shift of attention are required.

One frequently used method of evaluating covert 
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attention shifts is the simple cueing task. This task 

typically uses multiple locations on a computer display as 

potential areas where targets may appear. One type of 

simple reaction time (RT) experiment uses at least two 

equidistant and opposing locations from a central fixation 

point. After presentation of the fixation point, a cue is 

displayed which sends the participant's attention to one of 

the potential target locations. The time required to 

respond to the onset of the target is used as an index of 

the focus of attention.

For example, Posner, Nissen, and Ogden (1978) used two 

different cues in their study. In one condition, the 

fixation point was a plus sign that gave no information as 

to where the target would appear. There was thus a .5 

probability that the target would appear on either side of 

the fixation point. In the second condition, a directional 

arrow pointing either left or right was used. In this 

condition, there was a .8 probability that the target would 

appear at the location to which the arrow was pointing. 

Participants would direct their attention to the area deemed 

most likely to produce a target onset.

Posner et al. (1978) reasoned that if attentional focus 

had been shifted to a region indicated by the cue, response 

to the target onset should be much shorter than if the 
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target appeared on the uncued side of the screen. The data 

did show that responses to validly cued locations were 

significantly faster than when a non-directional (neutral) 

cue was used, and RTs with neutral cues were shorter than 

RTs with invalid cues. This pattern of results, replicated 

and modified countless times, is known as the cost and 

benefit analysis. Relative to the benefit of the reduced RT 

in the validly cued condition, the increased RT in the 

invalidly cued condition illustrates the cost associated 

with attending to the wrong area.

This cueing paradigm has been used extensively in the 

study of visual attention; however, the type of cue used and 

the cue attributes have been found to be a significant ‘ 

factor in research. The cueing paradigm utilizes two 

different types of cues that have been shown to have quite 

different characteristics. Central cues appear at or near 

the point of central fixation. Generally these cues are 

directional markers, such as arrows, that indicate where the 

target is likely to appear. These symbolic cues thus require 

some cognitive processing to interpret. As such, they 

activate a voluntary, or endogenous attention mechanism. 

Peripheral cues appear next to or at the actual target 

location. They do not require voluntary processing and 

therefore activate the exogenous, or automatic, attention
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mechanism.

Jonides (1981) conducted several experiments to examine 

the differential effects of cue types on voluntary and 

automatic attentional processing. In one experiment, 

participants were asked to read a list of digits while 

responding to central or peripheral cues. The reasoning was 

that the attention task requiring less cognitive resources 

would be less susceptible to interference effects and would 

therefore be an automatic rather than voluntary task. The 

results showed that the peripheral cues were less affected 

by concurrent memory load and could thus be considered to 

create an automatic shift of attention.

In a second experiment, Jonides (1981) used peripheral 

and central cue conditions to test for suppression of cue 

directions. He reasoned that automatic processes would be 

more difficult to suppress than voluntary processes. That 

is, once the automatic process is initiated, it would be 

difficult or impossible to stop. Conversely, the voluntary 

process should be more readily suppressed. To test this, 

Jonides instructed subjects to ignore the orienting cues. 

Therefore, in one group, subjects were to ignore the 

peripheral cue, in another group, subjects were told to 

ignore the central cue. It was found that responses to the 

peripheral cues could not be suppressed, whereas while the 
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responses to central cues could more readily be ignored.

This supported the hypothesis that peripheral cues are 

automatic. Jonides' (1981) third experiment was an 

investigation into the influence of expectancy on peripheral 

and central cues. He reasoned that if a cue triggered an 

automatic process, then an attention shift should follow 

presentation of the cue regardless of the degree of 

expectation of the cue. He found that peripheral cues are 

less affected by changes in expectancy than are central 

cues. These experiments provided clear support for 

differentiating peripheral cues as exogenous, and central 

cues as endogenous.

It has also been shown that peripheral cues tend to be 

more effective than central cues and their effects peak 

faster (Muller & Rabbitt, 1989; Posner, 1980). In addition, 

the voluntary shift of attention that is triggered by 

central cues can be interrupted by a peripheral cue (Muller 

& Rabbitt, 1989) and the effectiveness of central cues can 

be affected by experimenter instructions (e.g., Mtiller & 

Rabbitt, 1989; Posner, 1980). Peripheral cues, as Jonides 

(1981) demonstrated, are not interrupted and show little 

effect of experimenter instruction.
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CHAPTER TWO

Inhibition of Return

Inhibition of return (IOR) is a phenomenon wherein the 

participant, expecting to find a specific target in one of 

several locations, briefly attends to a cued location. 

Shortly thereafter the target appears and the participant 

responds. If the target appears in the same location as the 

previously displayed cue within 300ms, there is a decrease 

in response time relative to responding to a target 

appearing in the uncued location. If, however, the target 

appears in the cued location after a delay of 300ms or more, 

there is a significant increase in response time relative to 

the target appearing in the uncued location. This suggests 

the return of attention to the cued location has been 

inhibited.

IOR was initially discovered by Posner and Cohen (1984) 

while investigating cueing effects. They displayed three 

horizontally aligned boxes: a central fixation box, and two 

flanking boxes. After the subject focused on the central 

box, one of the flanking boxes was cued for 150ms. Following 

a delay of 0, 50, 100, 200, 300, or 500ms, a target appeared 

in the center of one of the boxes. There was a .1 

probability of the target appearing in either of the 

peripheral boxes and .6 probability of the target appearing 
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in the center box. Additionally, 20% of the trials were 

catch trials wherein no target appeared. As expected, 

responses to a target appearing in the previously cued box 

were facilitated. However in conditions where the delay in 

time between cue onset and target onset was 300ms or longer, 

reaction times to the cued side were longer than reaction 

times to the non-cued side. Posner and Cohen thus concluded 

that with a stimulus onset asynchrony (SOA) of at least 

300ms between cue presentation and target presentation,- 

attention was inhibited from returning to the previously 

cued location.

Space-based Inhibition of Return

Posner and Cohen (1984) concluded that the IOR effect 

was tied to the spatial coordinates of the cue-target and 

was an automatic and unintentional effect. Maylor and 

Hockey (1985) expanded upon this research and sought to 

determine if the IOR was due to actual spatial coordinates 

or retinal coordinates. Using multiple possible target 

location points and a variable fixation point, they found 

that spatial IOR is a function of environmental coordinates 

and not a retinotopic phenomenon.

In addition to the primary findings of inhibition of 

return in general, Maylor and Hockey's (1985) studies also 

showed that IOR is found when more than one location is cued
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simultaneously. This left the question of whether IOR would 

be found when target locations are cued sequentially. Pratt 

and Abrams (1994) investigated the successive cueing of 

spatial locations. Using a central fixation point flanked 

by two target boxes, they found that IOR is present only in 

the most recently cued location. However, Tipper, Weaver, 

and Watson (1996) suggested that the Pratt and Abrams design 

may have been flawed. They suggested that using only two 

target locations was inappropriate for the study. Using four 

locations, Tipper et al. found a linear data pattern 

supporting an a priori prediction that the first cued 

location would show the least IOR while the most recently 

cued would show the most IOR as the inhibition would decay 

over time. Abrams and Pratt (1996) replicated the Tipper et 

al. data and pointed out that successive cueing only 

produced IOR at multiple locations when the targets were 

located adjacent to each other. They suggested that this 

might be accounted for by a "spatially diffuse" type of 

inhibition, which inhibits attention from returning' to an 

entire area and not just a specific location.

Gibson and Egeth (1994) presented the idea that spatial 

IOR might be found based on coordinates within an object. To 

test this, they created a three dimensional display of a 

cube and used a dot as a cue and then a. target that would 
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appear on the three visible "walls" of the cube. While these 

stimuli did not actually move on the computer monitor, the 

"brick" display pivoted around the central fixation point 

thus giving the appearance of movement. They found space­

based inhibition of return using this design. This suggests 

that not only can space-based IOR be found with respect to 

environmental coordinates on the display, but space-based 

IOR can also be found with respect to fixed spatial 

coordinates on an object.

Inhibition of Return with Task Type

Terry, Valdes, and Neill (1994) investigated IOR in 

both detection and discrimination tasks. The detection 

condition of their experiments had two conditions: In one 

condition targets were presented, in which case participants 

would respond, in the no target condition, no stimuli were 

presented and the participants did not respond. In the 

discrimination condition, either targets or non-targets 

would appear. Subjects were to discriminate between targets 

and non-targets and respond only to the presentation of 

targets. While Terry et al. found IOR in the detection task, 

they did not find it in the discrimination task and 

concluded that IOR did not exist in a discrimination task. 

However, inhibition of return has been found in 

discrimination tasks by other researchers using tasks based 
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on location (e.g., Maylor, 1985), identity (e.g., Hartley, & 

Kiele.y, 1995; Pratt, 1995) and color (e.g., Hartley & 

Kieley, 1995; Law, Pratt, & Abrams, 1995).

The discrimination task requires some type of choice to 

be made by the respondents regarding the stimulus. For 

example Pratt (1995), using overt eye movements as the 

response mode, presented a central fixation point followed 

by a peripheral cue, and then one of two conditions. In the 

detection condition the target would appear to one side of 

the fixation point. In the discrimination condition a target 

appeared either to the left or right of the fixation point 

while on the other side of the fixation point a distractor 

was presented. Participants were then to move their eyes to 

the target and not the distractor. While the overall 

accuracy was lower in the discrimination condition, the IOR 

effect was found with an effect size similar to that of the 

detection task.

Although IOR has been found in. both detection and 

discrimination tasks, it appears that certain conditions 

must be met in order to obtain the IOR effect. For example, 

the return of attention to the central fixation point has 

been shown to be a critical issue. The literature is rich 

with experiments wherein after the initial cue, attention is 

returned to the central fixation point either through the 
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increased probability of target presentation at the central 

point (e.g., Posner & Cohen, 1984) or by the cueing of the 

central fixation point to force the return of attention from 

the potential target location (e.g., Maylor, 1985; Weaver, 

Lupianez, & Watson, 1998). Terry, Valdes, and Neill (1994) 

mention briefly that in a pilot study they found that 

continual display of the central fixation cross between 

trials resulted in a lack of IOR. They indicate that 

fixation cross onset as a means of retrieving attention from 

the most recently cued location was required in order to 

obtain IOR effects. The issue is one of removing attention 

from the cue location prior to the presentation of the 

target. Attention must be able to return to the cued 

location. If attention lingers at the cue location, 

facilitation occurs, as Terry et al. report having found in 

their pilot study. Maylor and Hockey (1985) however did not 

cue the central fixation point, and yet still found the IOR 

effect. This may be explained by the use of several 

potential cue locations. It may be that the use of several 

potential target locations is sufficient to promote the 

return of attention to the central fixation point. The 

assumption is that as the central fixation point is 

equidistant from all possible locations, the subject will 

naturally return attention to this point (Law, Pratt, & 

Abrams, 1995).
12



Color-based Inhibition of Return

While relatively little research has been conducted on 

the specific attributes that define objects in the IOR 

paradigm, Kwak and Egeth (1992) investigated the possibility 

of IOR based on stimulus color. They used a continuous 

responding paradigm in which every frame, with the exception 

of the initial display, required a response. In this 

paradigm the target in frame N-l serves as the cue for frame 

N. In two experiments, they used multiple cue/target 

locations in testing for both space-based IOR and color­

based IOR. They found space-based IOR, but observed no 

evidence for a color-based component. In another experiment, 

they used only a single location and varied the stimulus 

color, but there was again no effect of color-based IOR. 

They considered that the lack of IOR might have been due to 

the confounding of luminance changes in the color displays. 

If such were the case, the participants might not have 

actually attended to the change in color but rather to the 

change in energy. To control for this, they tested for IOR 

using equiluminant color changes. Again there was no color­

based IOR.

These results seem to be supported by Theeuwes (1995), 

who found the "pop out" or abrupt onset effect of objects is 

due entirely to the luminance change of targets, and not the 
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color. Theeuwes conducted five experiments using an abrupt 

onset equiluminant object in a field of similar objects. He 

found a lack of facilitation to these objects, when there was 

no change in luminance. That is, there was no decrease in 

response time to these objects. Thus, not controlling for 

the effect of luminance may have been a critical flaw in 

Kwak and Egeth's (1992)study. They also considered that 

space- and color-based inhibition may be two fundamentally 

different processes.

More recently, however, Law, Pratt, and Abrams (1995) 

re-evaluated the results of Kwak and Egeth (1992). Law et 

al. suggested that the continuous responding paradigm used 

by Kwak and Egeth may have been inappropriate to test for 

color-based IOR, and suggested that IOR may require the 

presence of a neutral focal point(or in this case color) as 

IOR inhibits the return of attention to a previously 

attended item. It is possible that if attention never leaves 

the color, there is nothing to return to. To test this, they 

presented a neutral color (magenta in Experiment 1 and green 

in experiment 3), a cue color (red or blue), the neutral 

color again, and then a target color (red or blue). In the 

repeated condition the same color was used as the cue and 

the target. With this design, they found support for color­

based inhibition of return, thus showing that attention 
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tends not to return to a previously cued valid color. It 

should be noted however, that while IOR was found for this 

attribute, Law et al. did not vary stimulus location. It 

has been shown that nonspatial stimulus attributes are 

attended to more if location information is certain (Tsai & 

Lavie, 1988, 1.993) . It therefore appears that in IOR, 

location information may take precedence over other stimulus 

attributes, specifically color. In fact, Law et al. suggest 

that positive results may not have been found had they 

varied stimulus location in their experiment as Kwak and 

Egeth had done.

Object-based Inhibition of Return

Posner and Cohen (1984) initially believed that IOR was 

location based, however others have found evidence for an 

object-based component as well (Pratt, Kingstone, & Khoe, 

1997; Tipper, Driver, & Weaver, 1991). Reasoning that 

efficient search would require attention to objects, and not 

just spatial locations, Tipper, Driver, and Weaver (1991) 

tested for IOR using moving objects. In their display, a 

central fixation square was flanked by two possible target 

squares. While the squares were horizontally aligned, one 

of the flanking squares was cued, after which the central 

square was cued to return attention to the fixation point. 

The outer squares were then set in motion. Participants 
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were cued for response when the squares had rotated either 

90° with an SOA of 430 ms or 180° with an SOA of 695 ms. The 

prediction was that if IOR was space-based there should be 

no difference in response times between the initially cued 

square and the non-cued square, as neither location had been 

cued and the potential target locations were equidistant 

from the fixation point (in the 90° condition, the 

originally cued square would be directly above the fixation 

point while the non-cued square would be directly below the 

fixation point). However, they found a significant 

difference in response times between the initially cued 

object and the non-cued object, which indicated that the 

inhibition had been associated with the object itself and 

not just the spatial location of the initial cue.

These results were replicated and expanded upon by 

Tipper, Weaver, Jerreat, and Burak (1994). In addition to 

the IOR found in the moving objects by Tipper, Driver, and 

Weaver (1991), Tipper et al. (1994) found that IOR effects 

at the 180° position were smaller than at the 90° position.

As the initially uncued box (for clarity this will be 

referred to here as box B) reached the location at which the 

initial cueing occurred (location A), an IOR effect was 

found at the cued location (box B at location A) as well as 

at the location of the cued box (box A at location B). This 
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appeared as a relative decrease in magnitude of IOR at the 

cued box (box A at location B) . Tipper et al (1994) 

interpreted this to mean that there may be both space- and 

obj ect-based effects occurring simultaneously.

As seen in Tipper et al. (1994) and other experiments 

mentioned earlier, there is research suggesting the 

existence of a space-based mechanism which operates 

independently of an object-based mechanism. Vecera and Farah 

(1994) suggested that while two separate mechanisms may 

exist, they may not necessarily be mutually exclusive. They 

conducted a series of experiments investigating the object 

and location based nature of visual attention. In Experiment 

1, they expanded upon a previously used design (Duncan, 

1984) that incorporated two objects (a box with a gap in one 

side and a tilted line running vertically in the middle of 

the box). It had been shown previously that participants 

were more accurate at reporting two properties from the same 

object (direction of line tilt, dotted or dashed nature of 

line, which side of box the gap is on, or short or tall box) 

than they were at reporting one property from each object. 

This supported an object-based attention mechanism.

It could be argued that the gestalt grouping properties 

may have affected the conditions in that study however. 

Vecera and Farah (1994) sought to resolve this by 
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incorporating a together condition wherein the two obj ects 

were overlapping as in Duncan's study, as well as a 

condition where the objects were separated by 1.91° on 

either side of the fixation point. The data showed an 

equivalent magnitude of effect in both conditions, 

supporting the object-based position.

Vecera and Farah (1994) considered, however, that the 

nature of the previous task might have required cognitive 

identification and processing of the individual objects 

themselves. This may have acted as a confound in determining 

the nature of the attentional mechanism in use. They 

suggested that space-based tasks do not typically require 

identification of the individual stimuli.

When a cue is presented in a space-based detection 

task, it is intended to draw or direct attention to a given 

point in space, regardless of what object may be nearby. 

Similarly, the target in such a task is simply an object 

used to get attention, though presumably the specific 

identity of the object does not require significant 

processing. Therefore, Vecera and Farah tested for response 

facilitation by cueing either object with a flicker and then 

presenting a target dot on either the box or the line. This 

was done in both together and separate conditions. Object­

based attention would predict no difference in RTs between 
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together and separate conditions while space-based attention 

would predict a difference in RTs between cue validity 

conditions when target items were separated. Results showed 

a greater effect of cue validity in the separate condition 

than in the together condition. That is, the cost and 

benefits analysis in the separate condition was 

significantly greater than in the together condition. They 

therefore suggested that visual attention may operate in 

both a space-based and object-based manner. The manner in 

which attention operates may be based on the nature of the 

task.

As a means of further investigating the relationship 

between space- and object-based attention, Egly, Driver, and 

Rafal (1994) developed a task to investigate both 

attentional properties simultaneously. Using a luminance 

detection task, they created a display on a computer monitor 

that consisted of a central fixation point centered between 

two equidistantly located rectangles. This display was 

presented for 1000 ms and was followed by the cueing of one 

end of one rectangle for 100 ms. This was followed by the 

fixation display for 200 ms and then the target 

presentation. The target was a large square that filled one 

end of a rectangle and was presented for 2000 ms or until 

the subject responded. A 500 ms inter-trial interval 
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followed after which the next trial began. Cues were valid 

on 75% of trials and invalid on the other 25%. Invalid 

trials consisted of the target appearing either at the far 

end of the rectangle that was cued, or at the near end of 

the rectangle that was not cued. That is, the far end of the 

non-cued rectangle was never a target location. They found 

the typical benefit of valid cueing as expected. They also 

found that the cost of responding to a target in the non­

cued rectangle was significantly greater than the cost of 

responding to a target appearing in the other end of the 

cued rectangle. This supported the idea of an object-based 

attention mechanism. In so doing, they demonstrated the 

ability of space-based (targets appearing in the non-cued 

rectangle) and object-based (targets appearing in the same 

rectangle) attention to operate in the same task. However, 

their study did not address the issue of attentional 

inhibitory mechanisms. Egly et al. used a single inter­

stimulus interval of 200ms and used reaction time as an 

index of attentional shift. They did not have a condition to 

assess any inhibitory mechanisms that may be in effect. 

Current Study

The current study applied the IOR paradigm to the Egly, 

Driver, and Rafal (1994) task to assess the ability of 

space-based and obj ect-based attentional inhibitory 
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mechanisms to operate in the same task.

The goal of Experiment 1 was to replicate and extend 

Egly, Driver, and Rafal's results by presenting a target in 

any of the four possible target locations in order to 

measure the combined effect of obj ect-based and space-based 

attentional inhibitory mechanisms. This resulted in four cue 

validity conditions: valid/same-near, in which the target 

appears in the same object that was cued and the location 

nearest the cue location), invalid/same-far (the target 

appears in the same object, but at the far location), 

invalid/other-near (the target appears in the non-cued 

object at the location nearest the cued location), and 

invalid/other-far (the target appears in the non-cued object 

at the point farthest from the cued location). See Figure 1 

for the order of display and validity conditions.

The space-based model of IOR would predict that at 100 

ms SOA, RTs to targets appearing in either of the adj acent 

non-cued target locations (invalid/same-far and 

invalid/other-near) would be longer than RTs to the cued 

location, while RTs to targets appearing at the 

invalid/other-far location would be the longest. However at 

600 ms SOA, RTs to the invalid/same-far and invalid/other- 

near locations would be less than the cued location, while 

the invalid/other-far location would have the shortest RT.
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According to the object-based model, at 100 ms SOA, RTs 

to valid/same-near and invalid/same-far should be shorter 

than RTs to either invalid/other-near or invalid/other-far. 

However at 600 ms SOA, RTs to invalid/other-near and 

invalid/other-far should be less than RTs to either 

valid/same-near or invalid/same-far.

In this experiment it was hypothesized that object and 

space-based IOR would work cooperatively. At 100 ms SOA the 

lowest reaction time was predicted to be to targets 

appearing in the valid/same-near location, followed by 

targets at the invalid/same-far location, then 

invalid/other-near, and then the invalid/other-far location. 

This, can be expressed as RT(valid/same-near) <

RT(invalid/same-far) < RT(invalid/other near) <

RT(invalid/other-far).

At 600 ms SOA, an object-based mechanism would produce

RT(valid/same-near) = RT(invalid/same-far) >

RT(invalid/other-near) = RT(invalid/other-far), while a 

space-based mechanism would produce RT(valid/same-near) >

RT(invalid/same-far) = RT(invalid/other-near) >

RT(invalid/other-far). This study hypothesized a combined 

effect that would result in RT(valid/same-near) >

RT(invalid/same-far) > RT(invalid/other-near) >

RT(invalid/other-far).
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A) Fixation Display

(500 ms)

B) Cue

(100 ms)

C)

Target

ISI: 0

Invalid/same-far

Invalid/other-near Invalid/other-far

Figure 1. Order of screen display in Experiment 1.
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catch trials was 95%. Mean RTs for Experiment 2 are shown in 

Table 2 .

Data from Experiment 2 were analyzed using a 2 X 2 X 4 

(orientation X SOA X validity) within subjects ANOVA. There 

was neither a significant main effect of orientation, F(l,9) 

= 1.563, ns, nor an interaction of orientation with any 

other variable. The data were therefore collapsed across the 

two orientation conditions for further analysis. The 

analysis showed no significant main effect of SOA, F(l,9) = 

.094, ns, neither was there an SOA X validity interaction. 

There was a significant main effect of validity, F(3,27) = 

9.667, p < .001 (power = .993).

The validity data points in both the 200 ms and 700 ms 

SOA conditions were subjected to one-way ANOVAs. This 

analysis found a significant effect of validity in both the 

200 ms, F(1,9) = 23.292, p < .001, and 700 ms, F(l,9) = 

15.622, p < .05, conditions. Tukey's HSD analysis of data in 

the 200 ms SOA condition found a significant difference 

between the valid/same-near condition and both the 

invalid/other-near (p < .05) and invalid/other-far 

conditions (p < .05). Even though there was no significant 

difference between the valid/same-near and the invalid/same- 

far conditions, the RT for the invalid/same-far condition 

was significantly shorter than either the invalid/other-near
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Table 2.

Mean reaction times and standard deviations (in 

milliseconds) for Experiment 2.

Invalid Invalid Invalid

Same-far Other-near Other-farSOA Same-near

Cond. Mean SD Mean SD Mean SD Mean SD

200 ms 352 54 360 53 371 48 377 64

700 ms 354 41 350 47 378 52 371 50
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(2 < .05) or invalid/other-far (p < .05) conditions.

Tukey's analysis of the 700 ms SOA data found a significant 

difference between both the valid/same-near and both of the 

invalid/other conditions (p < .05) as well as between the 

invalid/same-far condition and the invalid/other conditions 

(p < .05). Conversely, for the 700 ms SOA conditions, RTs 

were shorter in the valid/same-near than in either the 

invalid/other-near or the invalid/other-far conditions.

Discussion

The results in Experiment 2 provided support for 

obj ect-based attention. Targets appearing in the valid 

condition were responded to faster than those appearing in 

the non-cued object. Furthermore, RTs were shorter in the 

invalid/same-far condition than in the invalid/other-near 

and invalid/other-far conditions. As in Experiment 1, the 

obj ect-based nature of this effect is clearly supported in 

the literature.

There was again an absence of space-based effect in 

Experiment 2. As in Experiment 1, these data conflict with 

the current literature. Vecera and Farah (1994) suggested 

that the effects of different types of attentional 

mechanisms may be task specific. It is conceivable that the 

current task may not be compatible with a space-based 

mechanism. This would be hard to reconcile with Egly,
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Driver, and Ratal's (1994) findings of a space-based effect. 

It should be noted that their design used a single SOA of 

300 ms however. While this seems like an unlikely reason for 

the findings in the current study, it should be considered 

that the focus of the current study was on eliciting 

inhibitory effects. Perhaps these experiments were different 

enough in SOA timing, number of target locations, and, in 

Experiment 2, fixation point cueing, that the space-based 

effect was lost.

Surprisingly, despite the recueing of the central 

fixation point in Experiment 2, no significant effect of IOR 

was found. There are many possible explanations for this as 

well. The recueing of the central fixation point prior to 

target onset may have been inadequate, perhaps the fixation 

point may not have been adequate when compared to the 

peripheral cue, or perhaps the number of SOA conditions may 

not have been sufficient. Perhaps the 500 ms delay between
X

SOA conditions allowed participants to become more prepared 

for the target appearance in the 700 ms condition. This may 

have functioned to generally reduce RT's in the 700 ms 

condition as well as eliminate the effect of the initial 

cue. Clearly further research needs to be done to obtain a 

more definitive explanation of these results.
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CHAPTER FIVE

General Discussion

This study expected to find a combined effect of space- 

and object-based attentional mechanisms. Specifically, it 

was hypothesized that RTs would follow a pattern based both 

on target distance from the cued location, and target 

distance from the cued object. The data from Experiment 1 

found a significant effect of orientation with results 

appearing only in the vertical orientation condition. This 

conflicted with the results of Egly, Driver, and Rafal 

(1994) who found no effect of orientation in their study. 

Hemispheric processing effects have been considered as a 

means of explaining this. It was considered that there may 

be differential benefits of searching by orientation due to 

the physiological processing of visual attention in the 

human brain, however this seems unlikely. Hughes and Zimba 

(1987) investigated the possibility of differential 

responses to cued attentional shifts in both vertical and 

horizontal conditions. They found no significant difference 

in responding in either the vertical or horizontal 

condition. As this effect disputes the literature, and yet 

was not replicated in Experiment 2, the presence of this 

orientation effect is not understood.

The presence of an object-based attentional effect in 
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Experiment 1 supports a great deal of the literature, 

however this effect only appeared in the 100 ms SOA 

condition. The absence of an object-based attentional effect 

in the 600 ms SOA condition conflicts with the findings of 

Egly, Driver, and Rafal (1994) who found both space- and 

obj ect-based attentional effects using a single SOA of 300 

ms. Perhaps the dominance of object-based effects over-rode 

the space-based effects in the 100 ms condition of 

Experiment 1. These same effects may decay by 600 ms SOA. 

This seems unlikely however. It seems more plausible that in 

this study, the modifications to the Egly, Driver, and Rafal 

task made the task less susceptible to space-based effects. 

It is also likely that the lack of fixation cueing in 

Experiment 1 affected the object-based mechanism in the 600 

ms SOA condition.

In Experiment 2, object-based effects were found in 

both the 200 ms and 700 ms conditions. This may have been 

due to the effect of cueing the central fixation point. As 

participants seem to have perceived two large potential 

target locations instead of. four smaller ones, the cueing of 

the central fixation point seems to have accentuated that 

perception as is drew attention away from the specific 

location of the peripheral cue. This may have allowed the 

object-based effects to carry over to the 700 ms SOA
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condition. Additionally, there was a difference in SOA 

conditions between Experiments 1 and 2. This may have been 

due to the additional 100 ms cueing of the fixation point in 

Experiment 2, the SOA increased from 600 ms to 700 ms. It 

may be that object-based effects develop slowly in these 

tasks, however this too seems unlikely as Egly, Driver, and 

Rafal (1994.) obtained object-based effects at 300 ms SOA.

The other prediction in this study was the presence of

IOR. There was no significant effect of IOR in either 

experiment. It has been considered that the two objects may 

have been seen as two large potential target locations. 

Previous research has suggested that IOR does not occur 

without the recueing of the central fixation point after the 

peripheral cue display unless there are more than two 

possible target locations (e.g., Law, Pratt, & Abrams, 

1995). Experiment 2 addressed the issue of cueing the 

central fixation point by switching the fixation point from 

a ' + ' to a 'x' for 100 ms and then returning it to a 

concurrent with the target onset. This cueing did not result 

in obtaining IOR effects.

The explanation for the lack of IOR effects that seems 

most feasible may also account for the lack of consistent 

object-based effects across SOA conditions. In this study 

only two SOA conditions were used in each experiment.
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Experiment 1 utilized SOAs of 100 ms and 600 ms while 

Experiment 2 used 200 ms and 700 ms. Typically in IOR tasks 

multiple SOA conditions are used (e.g., Posner & Cohen, 

1984). This results in a temporal gap of no more than 150- 

200 ms between SOA conditions. For example, Posner and Cohen 

used SOA conditions of 0, 50, 100, 200, 300, and 500 ms.

This resulted in a maximum difference of 200 ms between the

300 and 500 ms conditions. Notably both of these are above 

the 300 ms threshold that seems to be the hallmark of the 

IOR effect. In both of the experiments of the current study, 

the two SOA conditions were separated by 500 ms. It seems 

possible that if after the initial 100 ms SOA the target had 

not appeared, participants became primed by the 500 ms delay 

between SOA conditons and were hyper-sensitive to the 

appearance of the target at either the 600 ms or 700 ms 

condition. Such hyper-alertness, or a state of anticipation, 

may account for the unexpected overall reduction in RTs in 

the 600 ms and 700 ms SOA conditions.

Overall, this study failed to show additive effects of 

space-based and object-based attentional shifts as 

predicted. Indeed, there was little indication of space­

based effects at all. The literature (e.g., Posner, & Cohen, 

1984; Tipper, Weaver, Jerreat, & Burak, 1994) would predict 

that a space-based effect should have been manifest. It 
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should be noted that one of Vecera. and Farah's (1994) 

suggestions was that the manifestation of space- and object­

based effects may in part be determined by the nature of the 

task. The tasks in this study were extensions of the Egly, 

Driver, and Rafal task. Perhaps a combination of specific 

factors in this experimental design precluded the engagement 

of the space-based mechanism or inhibitory mechanism in 

general.

Contrary to both the hypotheses in this study and the 

current literature, the experiments in. this study found 

neither a space-based effect, nor a consistent object-based 

attentional effect. These experiments also failed to find an 

IOR effect, which clearly conflicts with the literature 

(e.g., Abrams & Pratt, 1996; Pratt & Abrams, 1995; Weaver, 

Lupianez, & Watson, 1998). To investigate this, the general 

effectiveness of the central fixation cue in Experiment 2 

should be considered, as well-as the relative effectiveness 

of the central fixation cue when compared to the peripheral 

cue. While novel stimuli (e.g., Oonk & Abrams, 1998), color 

(e.g., Law, Pratt, & Abrams, 1995), and luminance changes 

(e.g., Theeuwes, 1995) have all functioned as exogenous 

cues, it may be that the central fixation cue was not novel 

enough to draw attention from the peripheral cue location, 

particularly when compared to the effectiveness of the.

43



Psychology, 43A(2), 289-298.

Tipper, S. P., MacQueen, G. M., & Brehaut, J. C. 
(1988). Negative priming between response modalities: 
Evidence for the central locus of inhibition in selective 
attention. Perception and Psychophysics, 43(1), 45-52.

Tipper, S. P., Weaver, B., Jerreat, L. M., & Burak, A. 
L. (1994). Object-based and environment-based inhibition of 
return of visual attention. Journal of Experimental 
Psychology: Human Perception and Performance, 20(3), 478- 
499.

Tipper, S. P., Weaver, B., & Watson, F. L. (1996). 
Inhibition of return to successively cued spatial locations: 
Commentary on Pratt and Abrams (1995). Journal of 
Experimental Psychology: Human Perception and Performance, 
22(5), 1289-1293.

Tsai, Y., & Lavie, N. (1988). Attending to color and 
shape: The special role of location in selective visual 
processing. Perception and Psychophysics, 44 (1), 15-21.

Tsai, Y., & Lavie, N. (1993). Location dominance in 
attending to color and shape. Journal of Experimental 
Psychology: Human Perception and Performance, 19 (1), 131- 
139.

Vecera, S., & Farah, M. (1994). Does visual attention 
select objects or locations? Journal of Experimental 
Psychology: General, 123 (2), 146-160.

Weaver, B., Lupianez, J., & Watson, F. (1998). The
effects of practice on object-based, location-based, and 
static-display inhibition of return. Perception and 
Psychophysics, 60(6), 993-1003.

48


