266 315

_____._____m

JRT COCUMENTATION PAGE

\\I\“L l.\‘.\.\l\,\\\\l ()

Tin QESTAICTIVE MARKINGS

s M B ‘a.lﬁ-da

I OSTAIgUTIONAvALABIL:TY TF AREPORY

Approved for public release:
Distributiae unlimited

1 MONITORING ORGANIZATION RE'O!T NUMBENS)
iy . 4-‘-“ “n < n

68 MAME OF PERLQAMING ORGANIZATION o OFFICE SYMBOL

if applicebie)

7&?9"%3@2@?Tﬁﬂ5§§;ﬁS?zggiznt1f1c Researc
Buil. 410, Bolling AFB, Wash. DC.

n
2003p

Dept. Psychology
riT

75. ADORESS City. Stare ang ZIP Coae:

Building 410
Bolling AFB
Washington, DC 20332

The Johns Hopkins Univ
ADORESS (C.ty 3State and LIP Code:
3400 Charles St.
88. NAME OF EUNDING/SPONSOAING
TSRGANIZATION
AFOSR

8- JFFICE SYMBOL

il applscsdia)

NL

9. PRAOCUREMENT INSTRUMENT IDENTIE:CATION NUMBEAR

AFOSR-91-0110

Baltimore, MD 21218-2126
8. ADORESS (Ciry. Stale and 2IP Coda)

10. SOURCE OF FUNDING NOS.

110 DUNCAN AVE SUITE Bl15 sROGAAM mogc*r ragk U owoRk L.t
BOLLING AFB DC 20332-0001 ELEMENT NO. ~O. No. No
61102F 2312 A2 |
1Y TITLE ‘iInciude Security Classificesions 2313 A4 :
Neural Mechanisms of Attention i
12. PEASONAL AUTHOR(S)
] D lton, Kevin Pang, Howard Egeth
13a TYPE OF REPOAT, 130. TIME COVEREQ 16 OATE OF REPFQAT (Yr . Mo.. Oay! 18 PAGE COUNT
Final Tech. smom 15/12/965 14/11/P2 May 21, 1993

18. SUPPLEMENTARY NOTATION

17
F'ELD

COSAT) cOOES
| _gmous
]

SUS. GA

|

18. SUBJECT TEAMS (Connnue on reverse if necessary end 1dentify by biock number)

in attention.

of information processing. Animal

memory has been pursued.

9

o
o

are being developed that allow more extensive analysis of the
neuroplastic changes involved in attention.
now able to proceed in an integrated fashion similar to the way that

19 A“T.AFT ‘Continue on reverse if necesary and idantify by MocR number) . :
This groject was successful in examining the neural mechanisms involved

An important outcome is the conclusion that modification
of neural transmission by attentional processes takes place in many
different places in the nervous system, and at many different levels

models of attentional processes

The field of attention is

3-14674

UNCLASSIFIEO/UNLIMITED O samt as st T oric usans

2°. ASSTRACT

\\\\‘\\\l\\\\\l i l\\l\\ it

228 NAME OF ARSPONSIBLE INDIVIDUAYL
Dr. John Tangney
D0 FORM 1473, 83 APR

220 TRLEPHONE NUMBSAR
rineiude A~e Code)

(202) 767-5021

22¢ OFFICE SYMBOL
NL

EDITION OF 1 JAN 7218 GBS0OLETA.

19 2 2 wN 1993 SECURITY CLASSIPIGATION OF Tmi§ PaGE




The Neurobiology of Attention

David S. Olton
Kevin Pang

Howard Egeth

Department of Psychoclogy
The Johns Hopkins University

Baltimore, MD 21218

}émﬁQOﬁFQ: B
PNTIS e (}“"“"‘
B
|- i
E | |
i' L
i ~—y
ERET !
P - v:
- :
—— ,1
i i
5 |
] !

!
Ml
L |
A . ST ST ) f

Final Technical Report, AFOSR-91-0110.

BTIC QuarTTy IN3°rCTED 2




Table of Contents

Attention and Cognitive Neuroscience

Experimental Strategies to Investigate the Neuronal
Correlates of Selective Attention

The Locus of Spatial Attention

Plasticity of Cortical Receptive Fields

Pulvinar and Orienting of Attention

Parietal Lobe and Shifting of Visual Spatial Attention

Selective and Divided Attention

Dysfunction of Attention

The Element Superiority Effect: Attention?

Animal Models of Attention Deficit

Conditioned Attention Theory

10
17
26
28
32
35
39
46
47

50




ATTENTION AND COGNITIVE NEUROSCIENCE

The entire behavioral repertoire of any individual is immense.
We can respond to many different stimuli in many different ways.
Yet, we actually do respond to only a few stimuli in a few ways.
Thus, out of the full spectrum of our possible behaviors, some
behaviors are selectively enhanced relative to others. Attention
is one of the cognitive processes that allows us to determine which
of the stimuli are selected.

What is attention? Throughout the years, a number of
definitions have been used to describe the attentional process. A
commen  feature of these definitions is that attention is a
selective process. The selection of certain information at the
expense of other information decreases the amount of information
that must be processed by the brain. Thus, attention is the
differential processing of simultaneous sources of information as
consequence of task demand.

Some of the immediate questions that come to mind concerning
the neural mechanisms of attention are: what, when, where, how,
why. The first set of questions concerns the site of the
transformation of input to output.

What is this transformation?
Where is it located?

How does modification take place?
Whei. does modification take place?
Why does modification take place?

The second set of these questions has to do with the system




that does the modulation.

What is the modulation mechanism?

Where is the modulation mechanism located?
How does modulation take place?

When does modulation take place?

Why does modulation take place?

Given that an individual is capable of at least two different
responses, what are the variables that influence the relative
probability of one response as compared to another? Several
alternatives are possible. All of them have 1in common an
enhancement of one system relative to another. However, many of
the mechanistic questions cannot be addressed with behavioral
analyses, but must be addressed with neural ones because only
neural ones allow direct access to the components of the systenm,
where these questions must be answered.

The fact that we typically use the term "attention” in the
singular rather than the plural, suggests that a cognitive model
might have only a single module for attention. The considerable
discussion of attention as either "early" or "late" was initially
phrased in such a way to assume that attention took place only
once, either early or late. Even an intermediate approach that
considers the possibility of both early and late selection is much
toc limited, however. The modulation of sensory information
produced by attention must occur many times. Indeed, rather than
being singqular, unique, and restricted, attention must be plural,
common, and ubiquitous. Thus, the goal of this enterprise should

not be cunceptualized as an attempt to find the neural mechanism of



a single attentional process. Rather, the goal must be more
ecumenical, and consider the possibility that many cognitive and
neural mechanisms should be discussed in terms of attentional
processes.,

An extreme view could propose that attentional nrocesses can
occur at every synapse in the central nervous system, providing a
mind boggling list of alternatives (approximately 10 billion
neurons each with one thousand synapses, approximately 10%
synapses). Even if this estimate is wrong by several orders of
magnitude, an understanding of attentional mechanisms mnust
inevitably take a pluralistic rather than a unitarian approach.
First, the topics covered here indicate a multiplicity of neural
structures participating in attentional processes. Second, the
synaptic organization of the nervous system provides even more
opportunities, and we have no reason to believe that our current
knowledge is complete.

Modulation of an input-output system can take place for many
reasons. Psychological variables include learning, motivation, and
arousal. How is attention distinguished from these other
mechanisms? An obviously tempting answer is to say that attention
is what is studied in experiments conducted by people who study
attention. Although such an answer has immediate intuitive appeal
because it solves a difficult problem now, it obviously has no
enduring appeal because anyone can then define the field of
attention simply by saying that they are studying it. Some
principled basis is necessary to decide whether a phenomenon of

modulation is to be categorized as involving attention or some




other psychological process. That 1issue will not be easily
resolved here. 1Indeed, the nagging possibility is always present
that the mechanisms of modulation may be the same 1in all
circumstances, and the name that we put on the mechanisms of
modulation reflects arbitrary categorization for the convenience of
the experimenter rather than fundamental distinctions that are
pcresent in the world. In any case, we have determined four
different characteristics of attention, which we hope can serve as

a guideline.

1. Attention ©produces a shift in sensitivity or
discriminability. Thus, attention produces an increase
in the ability to discriminate a signal from associated
noise.

2. Attention is associated with costs and benefits. The
benefit for selected stimuli is faster detection and
responding. The cost for nonselected stimuli is worse
detection and slower responding.

3. Attention is independent of shifts in criterion. That
is, attention is not directly correlated with changes in
response bias.

4. Attention is generally changed rapidly.

Divided attention is not necessarily a different process than
selective attention, but is a case where selection is occurring
simultaneously for two or more elements in the environment. Thus,
divided attention can be thought of as sharing the processes of
selective attention that are involved in the selection process. In

addition, a second component may monitor and divide the selection




process so that more than one item can receive attention. This
second component may be one that allows for sharing of attentional
capacity, or it may time share the selection process so that
selection switches back and forth or switches between the items

that are attended.

One of the first things that must be accomplished in any
endeavor to link different fields of study is to specify the level
of analysis. Each field may describe results in a particular level
focus of organization. The methodology used by a particular field
may bias the viewpoint of certain levels. A complete description
of attention requires many different levels of organization. Three
general categories of languages are used. These are: operational,
psychological, neural.

Operational descriptions are empirical and describe the actual
manipulations and measurements of independent and dependent
variables, respectively, as conducted in an experiment. This
language is the one of experimental procedures, describing the ways
in which an experiment proceeds. Some examples include:
presentation of a stimulus, measurement of a response, calculation
of reaction time, placement of a lesion in the brain, recording of

electrophysiological activity.

Psychological or cognitive descriptions use terms that make
inferences about the organization of processes that accompany the

behavior. Terms include ones such as: attention, early selection,




response selection, filter decision stage. This language is
designed to provide a description of the ways in which
psychological processes can describe the phenomena observed in the
experiment.

Neural descriptions use anatomical, electrophysiological or
neurochemical terminology to describe the mechanisms involved in
the operational descriptions. In the same way that psychological
explanations provide a cognitive description of the mechanisms
involved in behavior, so the neural language provides a description
in terms of the brain.

Cognitive neuroscience seeks to identify the relations between
cognitive processes and neural ones. In essence, this goal can be
considered similar to that in translating one language to another.
In this analogy, mental and neural descriptions are two different
languages describing the same phenomenon. The translation process
cccurs by first describing each of the languages individually, and
then indicating the ways in which the two are related.

In reality, of course, this translation process deals not with
just a single pair of languages, but with many different ones. The
brain has many neural descriptions: anatomical,
electrophysiological, neurochemical, etc. Likewise, the mind has
numerous descriptions too: cognitive, computational, etc. For the
moment, however, we are going to consider the limited domain of a
single neural language and a single cognitive one. The principles
outlined here hold for any pair of cognitive and neural languages.

At every level of inspection, the brain is heterogeneous.

Even the casual visual inspection of a whole brain shows that it is




composed of various bumps, grooves, and varies in consistency, from
relatively tough to very amorphous. At every more molecular level
of description, this same heterogeneity persists. In one nucleus
of the brain, nerve cells are different than those in another
nucleus. For a given nerve cell, the different parts of the cell
(axon, dendrites) look different. Within the membrane of a nerve
cell, the protein structure varies from one location to another.

Some have argued that useful information about the structure
of cognitive processes can be gathered from the study of brain
damaged individuals without regard to the location of that damage,
and without regard to an understanding of the functional
organization of the brain. In essence, the basic argument is as
follows. If a lesion produces a dissociation so that one cognitive
process is disrupted while another is intact, then those two
cognitive processes must be independent modules in the cognitive
analyses. In some very limited sense, this argument has some
validity. However, it has two severe logical limitations.

The first is within the experimental design itself. Many
dissociations are ultimately uninterpretable for two reasons.
First, the experimental design fails to obtain the necessary
guantitative information about the effects of parametric
manipulations on the dissociation, or the parametric results that
are obtained do not allow unambiguous conclusions about the
independence of cognitive processes. These points have been
discussed in many different reviews, and will not be discussed
again here. The major point is that substantial parametric

analyses with converging operations are critical to make accurate




inferences about the organization of cognitive structure.

The second issue concerns the limitations that result from a
failure to consider the brain as a system. The function of a given
area 1s its transformation of its input to its output.
Consequently, a functional analysis can proceed only with a
systematic view of the area in question, considering both its
afferents and its efferents.

Finally, consider the peculiar state of affairs that would
result if neuroscientists took this same view, and argued that an
understanding of psychology was unnecessary for the cognitive
neuroscience endeavor as described here. If simultaneously
psychologists ignore the brain and neuroscientists ignore the mind,
no effective translation between the two is likely to take place.
For all these reasons, any effective integration of mind and brain

must give full recognition to both endeavors.

EXPERIMENTAL STRATEGIES TO INVESTIGATE THE NEURONAL CORRELATES

OF SELECTIVE ATTENTION

One powerful technique to relate neural and cognitive
explanations of behavior is single unit recording during behavioral
tasks. Because the animal is behaving, all of the standard
psychological manipulations and measurements can be made. Because
single unit activity is being recorded, the responses of these
fundamental neural components can be related to specific
psychological processes. This approach has been spectacularly

successful in analyzing sensory systems, and the same strategies
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can be used to examine cognitive, attentional ones as well.

The challenge, as in many experiments, is proceeding from
theoretical statements to empirical data and back again. Obtaining
empirical data about correlations between single unit activity and
behavior is relatively easy given all of the technical advances in
psychology and biomedical engineering. However, interpreting the
empirical data in terms of attentional mechanisms requires careful
experimental design and analysis of the obtained data. Many
experiments have used variations of a basic theme, which 1is
outlined here.

A fundamental question that is often asked concerns the extent
+o which attention alters the processing of sensory stimuli. If
selective attention is active, then reactions to some stimuli
chould be enhanced relative to reactions to other stimuli. It the
modulatory mechanism of selective attention tekes placwe prior to
the neurons from which activity is being recorded, then the
activity of those neurons should change as a function of selective
attention. Assuming that "bigger is better" for most neural
signals, the neural response to a given stimulus should be greater
when selective attention is directed to that stimulus than when
selective attention is not directed to it. The challenge comes in
“.eing certain that any change in ne'iral activity in response to a
charge in selective attention is due to the attentional mechanisms,
rather than some otiler mechanisnms.

One major step in this direction is maintaining the same
physical stimulation while varying the demand of selective

attention. Neuronal activity can easily be influenced by the
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presentation of the different stimuli. Consequently, any
experimental procedure that simultaneously alters the attentional
demand and the configuration of stimuli presented to the animal
risks confounding an attentional explanation with a sensory one.
This strateqgy has many different variations. 1In all of them,
the instructions to the animal are provided by one or more trials
prior to the trial of interest. For example, on the trials of
interest, a compound stimulus may be presented to the animal.
Prior to these trials, reinforcement is given for responding on the
basis of one or more of the elements in this compound stimulus,
One example of this procedure is that used to examine the
effects of attention on the responses of single units in several
components of the visual system: pulvinar, parietal cortex, and
frontal cortex. Each trial begins with the monkey fixating on a
small dot of light in the middle of the visual field. A stimulus
is then presented in the periphery. Selective attention is
directed to either the fixation noint or to the peripheral stimulus
by training with selective reinforcement. Selective attention is
manipulated by varying the stimulus that dims and signals the time
to make a response to obtain reinforcement. To focus attention on
the fixation point, a series of trials is given in which the
fixation point dims at some time after the onset of the peripheral
stimulus. To focus attention on the peripheral stimulus, the
monkey is given a series of trials in which the peripheral stimulus
dims. Responses produce reinforcement only when they are made soon
after the stimulus dims. Because the stimuli are near the

threshold of perception, the monkey must focus his eyes on them and
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attend to them in order to respond at the appropriate time and
obtain reinforcement. Consequently, the training prior to the
trials on which single unit activity is recorded provides the
instructions to direct attention to either the fixation point or
the peripheral stimulus. Performance during the trials on which
activity is recorded provides a check to be certain that attention
is still directed to the appropriate stimulus.

All approaches examining the effects of expectancy on
performance use a similar experimental strategy. Examples include:
search image of predators seeking prey, latent inhibition, and
simple expectancy effects. In all of these, the stimuli presented
for the critical tests are identical. Attention is manipulated by
experience prior to the test, with trials that provide differential
reinforcement for responding to some stimuli as compared to others.

A second component of the experimental strategy is to control
for changes in arousal and in responses. The demand for selective
attention may in itself be sufficient to alter both neural and
cognitive processes. Consequently, the experiments that manipulate
selective attention often seek to alter the direction of that
selective attention. If the demand for selective attention itself
is thc critical variable, then neural activity should change when
selective attention is required regardless of the stimulus to which
that selection is directed. Alternatively, if the selection
process itself is 'mportant, then neural activity should change
when attention is directed towards some stimuli rather than others.
If the changes in neural activity reflect the increased demands due

to arousal, then the direction of attention should not have an
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effect on these neurons. If the increased neural activity reflects
the direction of attention to a particular stimulus, then neural
activity should increase only when that stimulus is presented but
not when another stimulus is presented.

A second issue concerns the possible influence of response
mechanisms on the neural activity. In order to demonstrate
selective attention to a given stimulus, some response is
necessary. The type of response may influence neural activity.
Consequently, a second manipulation concerns the extent to which a
change in neural activity is related to one particular response
systen,

A variation of the procedures used for monkeys described above
can again be used to illustrate these issues of response control.
In both types of trials, the stimulus presentation is as described
above. A small light is presented at the fixation point. The
monkey fixates that spot. A peripheral stimulus is turned on.
When that stimulus dims, the monkey makes a response. In one case,
a saccade is made to the peripheral stimulus, which then dims, and
the response is to 1lift the lever. In a second case, the eye
remains focused on the fixation point, the peripheral stimulus
dims, and the monkey responds by reaching with his paw to make a
response. As usual, neural recording is made at the onset of the
peripheral stimulus, before any of these responses take place. In
the frontal eye fields, enhancement of neural activity, relative to
the baseline, takes place only in the saccade task, indicating that
neural activity is altered only when the response is an eye

movement, suggesting that the neural enhancement is related to a
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particular motor system. In the parietal cortex, the neural
enhancement occurs in both tasks, indicating that the response
requirement is not influential. This pattern of results suggests
that the enhancement in the parietal cortex reflects a generalized
increase in neural responsiveness to the stimulus at a relatively
peripheral aspect of the system, allowing for coordination with
many different response systems. In contrast, the activity in the
frontal eye fields appears to be more towards the output side of
the system, related to a particular response system. In the systenm
of neural enhancement examined here, the parietal cortex ought to
be more towards the input as compared to the frontal eye fields.
An examination of response latency could help to test this
hypothesis. These results are also relevant to cognitive analyses
and indicate that selection takes place at many points during

cognitive processing, not just "early" or "late."

Informati ocessin

A simple model of information processing can be constructed
from four stages. (1) Encode: the process of perceiving the
stimulus. (2) Identify: identification by scanning a list in
memory. (3) Decide: choosing the appropriate response to the
stimulus is determined. (4) Respond: making the response. Both
sensitivity and criterion shifts can change responding. Changes in
sensitivity should be due to alterations in stages prior to the
decide stage. Criterion shifts should be due to changes in stages

that follow the decide stage. Given that attention is associated
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with changes in sensitivity, attentional processes should act on
either the encode stage, the identify stage, or both, Most
researchers agree that attentional processes affect perceptual
stages of information transmission. A more controversial, but
broader, view of attention would include alterations of motor and

many other stages.

Locus of selection

The locus of selection as it relates to attention has been
debated for a number of years by cognitive psychologists. This is
the classic debate of early selection versus late selection.
Broadbent was one of the first to propose that attention filtered
out information at an early stage in information processing. This
theory suggested that information is filtered before the
identification stage. Late selection theories as proposed by Deuch
& Deuch and Norman suggest that information is processed and
identified and that unattended information is filtered out after
the identification stage. Early and late selection are two extreme
views of the locus of selection. Other investigators have proposed
a mixed selection such that the locus occurs neither at an early
stage nor at a late stage. The basic question 1is the
identification of the locus of selection of information travelling
from the sensory input to the motor output. Other gquestions
associated with the location of the selection process are the
following: 1Is the process hardwired or is it modifiable? 1If the

location is modifiable, what determines this modification? For
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example, can task difficulty influence the location of selection?
Does the location of the selection process depend on the sensory
modality of the stimulus that is being attended? How is selection
accomplished? In other words, what are the mechanisms by which
certain stimuli are selected? What is the fate of unattended
stimuli? What controls the selection process? What happens to the
attended stimulus when attention is manipulated? These are all
questions for which studies on the neurobiology of attention have

at least partial answers.

THE LOCUS OF SPATIAL ATTENTION

The ability to attend to independent events in different
locations in space is influenced by the spatial proximity of those
events. If the events are very close together, attending to one
may interfere with attending to another. If, however, they are
relatively far apart, attending to one may be able toc proceed
without detriment in attending to the other.

Neuronal activity in two cortical areas, visual area 4 (V4)
and inferotemporal cortex (IT) was altered by changes in spatial
attention. In both areas, the size of the receptive field and the
firing rate of a stimulus located within the receptive field were
altered by attention. Within the receptive field, changes in the
locus of attention influenced the response of the neurons. Outside
of this receptive field (a result that could be obtained only for
the V4 neurons because of technical reasons), the locus of

attention had no effect on responsiveness. This pattern of results
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suggests that these visual cortical areas must have mnultiple
independent modules for visual attention. Within a given path,
attention to the locus of one stimulus interferes with attention to
the locus of a second stimulus. Between modules, no such
interference takes place. If this principle is correct, the
electrophysiological and neuroanatomical characteristics of the
visual system will have a substantial effect on the extent to which
attention to one locus will interfere with attention to another
locus.

The experimental design used the strateqgy of presenting the
same stimulus display in the critical conditions and manipulating
attention by response-reinforcement contingencies. The behavioral
task was a delayed conditional discrimination. For each trial, two
locations were used to present a sample stimulus and a test
stimulus. The two sample stimuli were presented simultaneously,
the two test stimuli were presented simultaneously. Response~
reinforcement contingencies directed the monkey's attention to one
pair of sample-test stimuli rather than the other. The attended
stimuli were the sample-test pair that determined the correctness
of the response. The unattended stimuli were the sample-test pair
that were irrelevant for the correct response.

For cells in both the V4 and IT cortex, the stimuli were bars
of light that varied in color, size and orientation. Preliminary
exploration of the neuron's receptive field identified two
combinations of these characteristics. One combination, the
effective stimulus, increased the rate of activity of the neuron

when the stimulus was presented in the neuron's receptive field.
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The other combination, the ineffective stimulus, did not alter the
neuron's rate of response when presented in the same visual field.
When the monkey attended to the effective stimulus, the
response rate of the neuron was greater than when the monkey
attended to the ineffective stimulus, even though the physical
stimulus display was the same in both cases. The magnitude of this
effect was greater for cells in V4 than for cells in IT cortex, but
was characteristic of the majority of neurons in both areas.
Within each stimulus display, the ineffective stimuli were by
definition different than the effective stimuli because the two
combinations of stimuli differed, by definition, in their ability
to elicit responding in the neuron. Consequently, the attenuation
produced by directing attention to the ineffective stimuli could
have been produced by attention to the locus in which those stimuli
were presented, or by attention to the physical characteristics of
those stimuli (color, size, orientation). To distinguish between
these two alternatives, the experimental procedures were changed so
that the ineffective stimuli and the effective stimuli were
randomly presented in each of the two locations. For the neurons
tested with this procedure, the attenuation index did not change,
indicating that the locus of attention, rather than the physical
characteristics of the stimuli attended, produced the attenuation.
Neurons in both V4 and IT had this attenuation effect.
However, the responses of these neurons differed into two other
characteristics. (1) The magnitude of attenuation was greater in
V4 neurons than IT neurons. (2) The size of the receptive field

was greater in IT neurons (up to the limit of testing, which was 12
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degrees in both the contralateral and ipsilateral visual fields)
than for the V4 neurons, which had receptive fields 2-4 degrees in
size. Whether these two characteristics are causally related
remains to be determined. Howeier, the combination of a smaller
receptive field and a greater attenuation index in the V4 neurons
obviously leads to a greater specificity in the processing of
visual information.

Attention outside of the receptive field of a V4 neuron did
not attenuate the neurons's response to the stimulus display. The
experimental procedure was the same as described above except that
the ineffective pair (sample and test stimuli) was located outside
of the receptive field of the neuron. Attention to the ineffective
stimuli did not alter the response of the neuron to the effective
stimuli.

Consequently, V4 must have multiple independent modules for
responding to visual stimuli. Within a module, defined
electrophysiologically as the size of the neuron's receptive field,
attention produces two complementary effects: enhancement of the
neuron's responses to the attended stimuli, and decrement in the
neuron's responses to the unattended stimuli. Between modules,
electrophysiologically defined by boundaries between receptive
fields, attention to one set of stimuli does not alter the
responsiveness to another set of stimuli. If this pattern of
results is true for every V4 neuron, and these neurons have small
overlapping receptive fields, then many visual stimuli should be
able to be processed simultaneously by the V4 neurons.

A similar analysis for IT neurons was not possible for

20




technical reasons. Because the receptive fields of these neurons
included the entire test area, no stimuli could be presented
outside of the receptive field. Determining whether such an effect
does exist would be useful to provide a comprehensive comparison of
V4 and IT neurons. However, the functional importance of such an
effect for IT neurons must be minimal because of the large size of
the receptive field.

V1l neurons also had no attenuation of responsiveness when
attention was directed outside of their receptive field. However,
this result is difficult to interpret. The receptive field of a V1
neuron was so small (less than one degree) that the monkey was
unable to perform the test correctly when both stimuli were
presented inside this receptive field. The absence of an effect of
attention directed outside the receptive field might indicate a
dissociation like that observed in V4 neurons, or it might reflect
the absence of any kind of attentional effect on the responsiveness
of V1 neurons. Distinqguishing between these two alternative
interpretations can be achieved only after the appropriate data are
collected from an experiment presenting both sets of stimuli within
the neuron's receptive field.

In summary, for both V4 and IT neurons, directing attention to
one location or another within the receptive field of the neuron
can have a substantial effect on the neuron's responsiveness to a
stimulus. Within a receptive field, attention to the locus in
which effective stimuli are presented enhances the responsiveness
of the neuron relative to a condition directing attention to some

other locus. For V4 neurons, the trade-off in responsiveness is
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limited to the size of the neuron's receptive field because similar
effects do not occur when attention is directed to ineffective
stimuli at a locus outside of the receptive field. Consequently,
within a small area, defined by the neuron's receptive field,
direction of attention to onset of stimuli enhances processing of
those stimuli at a cost to other stimuli, while in a larger area,
this cost is not incurred. The data from this study provide
evidence that the locus of spatial attention starts at area V4.
Visual processing areas prior to V4, such as V1, were not altered
by manipulations of attention.

The results of other work demonstrate that a second visual
pathway is also altered by attention. A systematic series of
experiments recording from single neurons in many different areas
of the brain demonstrated a series of dissociations indicating that
visual attention with or without saccadic eye movements can alter
the rate of neuronal activity in response to the onset of a visual
stimulus. In some brain areas, especially the frontal eye fields,
a combination of attention to a stimulus and a saccadic eye
movement produces the enhancement, whereas either attention or
saccadic eye movements is insufficient. In other brain areas, such
as the parietal cortex, only attention is necessary to produce the
enhancement. This pattern of results provides information about
the different ways in which attention and the intended response can
influence the processing of spatial information, and this whole
series of experiments is an excellent example of the way in which
a systematic analysis can provide information about the neuronal

mechanisms of attention.
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Some discussions of these results make the assumption that the
term "attention" can be applied only to an enhancement process that
is independent of the response. Although such a definition can be
defended, it is not required. Certainly, the generality of the
enhancement effect is an important characteristic, and enhancement
in several response systems suggests a process that may be more
towards the perceptual side of the neural/mental processing systenm,
whereas enhancement limited to a single response suggests that it
may be more closely related to an output module. However, both
types of enhancement can have a significant influence on the
ability of the individual to respond to a stimulus, and certain
circumstances can lead to a preferential advantage of each kind of
enhancement.

The series of studies that have just been presented provide
evidence that the locus of attention occurs relatively late in the
visual system, in area V4, parietal cortex and frontal eye fields.
In other sensory modalities, attention may have its effects at

earlier stages of processing.

Locus of Attention in the Nonvisual systems

In a study of somatosensory attention, changes in neuronal
activity associated with attention occurred in the medullary dorsal
horn. Two experiments were performed. In the first, the effect of
a relevant thermal stimulus (requiring a response) was compared to
an irrelevant, unexpected thermal stimulus (not requiring a

response) ., Neuronal activity in the medullary dorsal horn was
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greater for the relevant stimulus compared to the irrelevant
stimulus. In the second study, the same thermal stimulus was
presented alone (relevant) or in conjunction with a visual task, in
which case the thermal stimulus was irrelevent because the monkey
responded to the visual stimulus. As in the first study, firing
rate of medullary dorsal horn neurons was greater when the thermal
stimulus was attended as compared to when the thermul stimulus was
unattended.

In this study, neuronal activity was increased by an increase
of attention to thermal stimuli. This modulation in the medullary
dorsal horn occurred at a comparatively earlier stage in the system
than in the visual system.

As in the somatosensory system, attention can have effects
very early in the auditory system. Evoked oto-acoustic emissions
(EOAE), a measure of activity of outer hair cells in the cochlea,
were recorded during auditory clicks presented alone or in
conjunction with a visual task. Active attention to a visual task
attenuated the EOAEs. Thus, attention can modulate auditory signal
very early in the auditory system.

The results of these studies illustrate the various locations
that attention can modulate information processing. Attention is
probably modulating visual information at sites in addition to area
V4 and IT. Taken together, these illustrative examples suggest
that attention can modulate neuronal processing. The modulation
can occur both at early, as well as late, stages in information

processing.
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Does task difficultv _alter actentional selection?

One possibility is that the locus of selection in the nervous
system depends on the difficulty of the task. Easy tasks may have
selection occurring early in the system, whereas difficult tasks
may require more processing prior to selection. The influence of
task difficulty on neuronal responses is described in the next
chapter.

Numerous expressions in our everyday language imply that we
vary the amount of attention that is given to a task: When the
going gets tough, the tough get going. We often prepare ocurselves
to give just as much effort as is necessary to achieve the desired
level of performance. ~onsequently, if the expected task is easy,
we often "“coast," preparing ourselves to commit only a minimal
amount of psychological effort because that should be sufficient to
perform adequately. If, however, the expected task is going to be
very difficult, then we may summon more of our abilities to
dedicate to the task because successful performance requires more
effort.

One experimental design to address these questions is composed
of easy trials and difficult trials, operationally defined in terms
of their level of choice accuracy. The easy t sk is composed
mainly of easy trials, and the difficult task is composed mainly of
difficult trials. A blocked design can be used so that the
instructions at the beginning of the test indicate the kinds of

trials that are likely to occur.
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If the nervous system also responds to differential
attentional demands, presumably giving only what is necessary to
attain the desired level of performance, then changes in task
difficulty should alter neuronal activity. The results of this
experiment demonstrate that many of the characteristics of neuronal
activity in visual area 4 (V4) of the monkey change as a function
of task difficulty, with the change being in the expected
direction: the more difficult the task, the greater the selectivity
and the greater the magnitude of the response of these neurons.

Some other unanswered questions include the following: the
site of the mechanism that produced the neural modulation, the
effects of this neural modulation on neural activity in areas of
the brain that subsequently receive these signals, the possibility
of other, independent sites of enhancement. All of these issues
can be addressed empirically, and will place these observations in
a more systematic framework. Even without this additional
information, however, the fundamental point of the research is
clear. An increased psychological demand for attention can produce

increased sensitivity of the nervous system.

PLASTICITY OF CORTICAL RECEPTIVE FIELDS

At least some of the neural mechanisms leading to changes in
receptive field properties in cortical neurons following
attentional shifts may be similar to those examined in the
receptive fields of the somatosensory system following

pharmacological manipulations. In general, the GABAergic and
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cholinergic systems provide important influences on the receptive
field properties of neurons in the somatosensory cortex.

An anesthetized cat had multibarrel pipettes inserted into the
somatosensory cortex (area 3B). Cholinergic and GABAergic drugs or
glutamate were administered in the dendritic region of the cortical
neuron. Mechanical stimulation maped the receptive field of the
neuron. In some studies, electrical stimulation of the basal
forebrain region was used to release endogenous ACH into the
cortex.

The involvement of the GABA system in regulation of the
somatosensory receptive field was demonstrated using the GABAergic
antagonist bicuculline. Bicuculline modulated the receptive fields
in four ways. (1) The magnitude of the response to stimulation in
the receptive field was increased. (2) The latency of the response
was decreased. (3) The area of the receptive field was increased.
(4) Some cells that were not previously activated by stimulation in
the receptive field developed a response.

The cholinergic system can also influence the properties of
the receptive field. ACH increased the magnitude of responses to
cutaneous stimulation, sometimes activating previously silent
neurons. The size of the receptive fields during ACH
administration was not altered substantially. ACH can also sharpen
receptive fields of neurons in the visual cortex and increase the
signal to noise ratio of neurons in the somatosensory cortex.

These data provide evidence that a number of different
transmitter systems may contribute to the modulation of receptive

field properties during attention. Each transmitter system may
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have slightly differing actions on the receptive field as
demonstrated for the GABAergic and cholinergic systems. Given that
attention is probably not a unitary process, each transmitter
system may be activated during only specific types of attention and

during specific phases of the attentional process.

PULVINAR AND ORIENTING OF ATTENTION

Two lines of evidence suggest that the pulvinar is importantly
involved in visual spatial attention, certainly the engage
function, and possibly also the disengage-shift function. (1)
Visual attention, with saccadic eye movements and without these eye
movements, enhances the discharge of single units in the
dorsomedial part of the lateral pulvinar. (2) Temporary functional
blockade of cells in this same area of the lateral pulvinar alters
performance in experiments designed to measure the visual field
expectancy effect. Both sets of experiments are conducted using
variations of the visual attention tasks in primates.

Reversible inhibition of the activity of neurons in the Pdm
altered reaction time in the visual field expectancy procedure in
a manner to suggest that cells in the Pdm are involved in engaging
attention and possibly shifting it. The reversible inhibition was
produced by an intracranial infusion of muscimol, a GABA agonist,
into the Pdm. The infusions were 1-5 micrograms in 1.0-1.5
microlitres.

The effect of muscimol was unilateral. In the ipsilateral

valid cue (normal-normal) condition, muscimol had no effect on RT.
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Consequently, all of the attentional processes in this conditions
in the normal side of the brain were unaffected by the infusion of
muscimol in the contralateral side.

Inhibition of Pdm cells had a substantial effect on the
attentional processes involved in contralateral valid cue (drug-
drug) trials. Muscimol increased mean RT at all three cue-target
intervals, with the magnitude of the increase ranging from about 30
msec to about 50 msec. This increase in mean RT indicates that
muscimol disrupted one or more of the psychological processes in
the contralateral valid cue (drug-drug) trials: disengage the
fixation point, move to the cue, engage the cue, engage the target,
respond.

In another study, the magnitude of response of units in the
Pdm to the onset of the stimulus display was enhanced when the
monkey was instructed to saccade to or attend to the stimulus in
the visual field, but not when the monkey was instructed to attend
to the stimulus outside of the visual field. (1) Prior to the
onset of the visual display, the unit had a low baseline of
responding. (2) In the fixation task, which instructed the monkey
to continue fixating the fixation point, the onset of the display
increased the rate of firing, which is to be expected because one
of the stimuli was presented in the visual field of the neuron.
(3) The increase in the rate of response to the onset of the
stimulus display was enhanced when the monkey was instructed to
saccade to the stimulus in the visual field or attend to that
stimulus, responding by releasing a bar when that stimulus dimmed,

but continuing to hold the eyes focussed on the fixation point.
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(4) No enhancement of the rate of response occurred when the monkey
was instructed to attend to a stimulus outside of the visual field.
Because the stimulus display was the same in all four tasks,
the explanation for the enhancement in two tasks (saccade to visual
field stimulus, attend to visual field stimulus) must lie in the
cognitive demands of the task, rather than the perceptual display.
Becaus« the enhancement occurred in two tasks that had different
responses (saccade to visual field stimulus, attend to visual field
stimulus), the enhancement must reflect an increase in neural
responsiveness that is not tied to a single response systen.
Because the enhancement occurred when the monkey attended to the
visual field stimulus but not when the monkey attended to the
stimulus outside of the visual field, the enhancement must be
selective for certain stimuli, rather than a general arousal
response to all stimuli. This pattern of results leads to the
conclusion stated above: attention to a stimulus can enhance the
firing rate of cells in the Pdm, this enhancement is selective for
that stimulus and is generalizable across at least two different
response systems, saccadic eye movements and hand movements.
Together, the enhancement of neural response in the Pdm by
attention to a visual stimulus, and the changes in attention
produced by muscimol, suggests that the neural enhancement can have
a potent influence on directing visual attention. The magnitude of
a direct solicitory effect cannot be determined because,
unfortunately, a no-cue condition was not included. Consequently,
only an indirect assessment can be made from the slowing of RT in

the control condition for invalid trials as compared to valid
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trials.

Foc . i o Vi . .
Pulvinar Actjvity Is Correlated With Attentional Demand

Detecting a target stimulus in a background of irrelevant
stimuli is a more difficult task than detecting the same target by
itself. When a target is embedded in display, attention must be
used to separate the target from the rest of the display and
enhance the processing of the target relative to the background.
When the target is presented by itself, this selective attention is
unnecessary because no distracting stimuli are present. Pulvinar
cells increased their activity when the task required detecting a
target in a background irrelevant stimuli as compared to a task in
which the target was presented by itself. Because the pulvinar
does not receive direct projections from sensory systems involved
in this task, this pattern of results was interpreted as indicating
that pulvinar neurons may be part of the neural system that is
activated when visual attention must be focussed on an element in
a display.

This experiment does not provide a strong test of the
hypothesis that the pulvinar is involved in attention because an
alternative explanation, emphasizing the physical properties of the
stimuli, can explain experimental data. However, other experiments
examining the psychological functions associated with the pulvinar
have provided evidence for an attentional role. Consequently, the

data from the present experiment can be considered as confirming
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the conclusions from these other experiments, and providing weak
support for the role of the pulvinar in attention. If the
suggestions from the present experiment are accurate, then the
pulvinar may have an important role as a mechanism directing
selective attention. When the task demands are altered to increase
the need for selective attention, the pulvinar may be activated to
provide the mechanism for selection to occur.

The extent to which the pulvinar is required for selective
attention, can be tested only with a lesion experiment. If the
changes in neuronal activity described in the present recording
experiment are required for selective attention, then lesions of
the pulvinar should produce a major impairment in performance of

tasks that require selective attention.

PARIETAL LOBE AND SHIFTING OF VISUAL SPATIAL ATTENTION

Shifting attention to a visual target in one visual field
(left or right) normally involves parietal 1lobe :(unction.
Unilateral lesions of the parietal lobe, especially on the right
side of the brain, substantially increased reaction time to a
visual stimulus presented in the visual field contralateral to the
lesion as compared to that same stimulus presented in the visual
field ipsilateral to the lesion. The subject's task was to press
a button as quickly as possible as soon as the visual target (an
asterisk) appeared. At the beginning of each trial, a stimulus was
presented to engage the person's attention. The target stimulus

followed, and remained on until the person made a response. The
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normal shift of attention to stimuli in the field ipsilateral to
the lesion (ipsilateral field) coupled with the impaired ability to
shift attention to stimuli in the visual field contralateral to the
lesion (contralateral visual field) suggests that the parietal
lesion caused a selective impairment for stimuli in the
contralateral field as compared to the ipsilateral field, and this
impairment was due to difficulty in shifting attention from an
already attended stimulus to the stimulus in that field.

Valid cues directed the person's attention to the location
where the target appeared. Consequently, no shift of attention
between presentation of the cue and presentation of the target was
necessary. Invalid cues directed attention away from the location
of the target, towards the other visual field. Consequently,
between the onset of the cue and the onset of the target, attention
had to be shifted from the field indicated by the cue o the actual
field in which the target occurred. If parietal lobe lesions
impair the ability to shift attention into the contralateral visual
field, then the patient's RT for the invalid trials should be much
greater when the invalid cue was in the contralateral visual field
and the target was in the ipsilateral visual field than with the
opposite combination (invalid cue in the contralateral field and
target in the ipsilateral field).

Validity, of course, should have a substantial effect by
itself, even for normal subjects. Valid cues direct attention to
the 1location at which the target appears, and thus should
facilitate RT. 1In a complementary fashion, invalid cues direct

attention away from the location in which the target appears, and
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should disrupt RT. A main effect of validity is expected in any
experimental procedure.

The important prediction for the patients with unilateral
parietal lobe damage is for an interaction of the location of the
cue and the magnitude of this validity effect. On invalid trials,
shifting attention from the ipsilateral (normal) visual field to
the contralateral (impaired) visual field should be very difficult,
while shifting attention from the contralateral (impaired) visual
field to the ipsilateral (normal) visual field should be relatively
easy.

In summary, when the target is actually in the contralateral
field, the validity effect should be very large; when the target is
in the ipsilateral visual field, the validity effect should be
relatively smaller.

The conclusions from this study are slightly complicated by
the fact that data from a critical comparison procedure are absent.
As outlined above, every trial in these experiments began with some
kind of cue. Thus, although RT can be compared for targets in the
different visual fields following a cue, no information is
available for RT to targets when no cue preceded them. If parietal
lesions do indeed produce a problem shifting attention to the
target, then RT following parietal lesions should be normal if no
shift is required. A sentence commented that RT to targets when no
cue was presented was similar for targets in both visual fields,
but no further information was provided, so that the procedure and

results cannot be evaluated.
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SELECTIVE AND DIVIDED ATTENTION

Selective attention to a single attribute of a stimulus, as
compared to divided attention among all three attributes of a
stimulus, activated some cortical areas as indicated by changes in
PET. Attending to one attribute of a complex stimulus can enhance
accuracy and speed responding to that attribute as compared to a
condition in which attention is divided between the target
attribute and other attributes. The magnitude of the enhancement
is influenced by a variety of variables, including the difficulty
of detecting the target attribute. The more difficult the
detection, the greater the potential improvement in performance as
a result of selective attention. The present study used an
experimental design that presented visual stimuli that differed in
shape, color, and velocity, and presented the same stimulus display
with two sets of attentional instructions. In the selective
attention task, the person was instructed to attend to only one
attribute of the three, and the correct response was determined
solely by the characteristics of the attended attribute. 1In the
divided attention task, the person was instructed to pay attention
to all three attributes, and the correct response could be
determined by any one of the three. The selective attention
condition, as compared to the divided attention condition, enhanced
the activity of several cortical regions. Although the data
analysis did not include the appropriate statistical tests to
determine the selectivity of the effect, the results do lead to the

conclusion that selective attention to stimulus attributes, just
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like selective attention to a spatial locus, can alter neuronal
activity in the cortex.

PET scans of blood flow were obtained in 9 people performing
these tasks and also in a no-task condition in which they did not
have to respond to the stimuli. For several areas in the
extrastriate cortex, data are presented for normalized PET counts,
which are linearly correlated with blood flow. For each of the
single stimulus attributes (shape, color, velocity), these PET
counts in the divided attention task were subtracted from those in
the selective attention task. Positive differences indicate
increased activity of cells in the area during the selective
attention task, a result demonstrating that selective atteﬁtion,
relative to divided attention, enhanced activity in this area.

Areas in which selective attention enhanced PET counts
included: lingual gyrus, fusiform gyrus, parahippocampal gyrus,
parietal-occipital sulcus, superior temporal sulcus, inferior
parietal lobe, dorsolateral occipital cortex.

Unfortunately, two characteristics of the report 1limit
interpretation of the results. First, data are not available for
every area in every task. Second, no analysis of variance was
conducted on the differences among the differences (the differences
between brain areas for the magnitude of the difference between the
selective attention and the divided attention condition).
Consequently, no conclusions can be made about the selectivity of
these changes, e.g. the extent to which attention to a given
stimulus attribute differentially altered activity in some brain

regions as compared to others.
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In conclusion, selective attention to a stimulus attribute, as
compared to divided attention among attributes, can enhance
activity in many cortical areas. This enhanced activity is a
neuronal correlate of the enhanced sensitivity in detecting changes
in the visual stimuli. The neuronal changes are widespread,
affecting many neural structures, and conclusions about the

specificity of the effect cannot be drawn from the current set of

data.

Divided Attention, Frontal cortex and the
Nucleus Basalis Magnocellularis

The nucleus basalis magnocellularis (NBM) has been linked to
attentional processes by studies using 1lesion and recording
techniques. Lesions of the NBM impaired divided attention. In one
study, rats were trained to discriminate two different signals;
each signal was associated with a different fixed interval.
Focused attention was assessed by presenting one stimulus. Divided
attention was assessed by presenting both stimuli simultaneously.
Normal rats accurately timed each of two stimuli whether they were
presented alone or together, demonstrating good focused and divided
attention. Rats with lesions of the NBM or frontal cortex were
able to time each stimulus when it was presented alone, but not
when it was presented with the other stimulus, demonstrating an
impairment of divided attention. Because the NBM sends cholinergic
fibers to the frontal cortex, the results suggest that the

cholinergic neurons originating in the NBM and projecting to the
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frontal cortex are important in divided attention.

A second study using electrophysioleogical recordings .rom the
frontal cortex provides supporting evidence that this brain region
is important in divided attention. Electrophysiological recordings
were obtained from 123 neurons in the frontal cortex while rats
performed a divided attention task. Each rat was trained to
discriminate between two stimuli, each associated with a different
fixed interval. Focused attention was assessed by presenting a
single stimulus. Divided attentio. was assessed by presenting both
stimuli together. Neurons in the frontal cortex had four patterns
of activity. (1) "Divided attention"” neurons responded more when
both stimuli were presented than when a single stimulus was
presented. These results, together with results following lesions
of the frontal cortex, suggest that the frontal cortex is important
in divided attention. (2) "Selective attention" neurons responded
to each stimulus when presented alone, but responded to only one
stimulus when both stimuli were presented together. These ceils
may be important in selective attention. (3) "Single task" nearons
responded to only a single stimulus, when presented alone and in
conjunction with the other stimulus. These cells may be involved
in processing of a single task, regardless of whether a second task
is also being processed. (4) "Lever press" neurons had responses
that were closely associated with lever press rate. 1In summary,
neurons in the frontal cortex are activated by different aspects of
the temporal discrimination task, including divided anu selective

attention.
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DYSFUNCTION OF ATTENTION

The parietal lobe is involved in visual spatial attention.
Following unilateral parietal 1lobe lesions subjects report
unilateral neglect for the contralateral visual field. These
results have been interpreted as a dysfunc:-ion of visual spatial
attention because early visual evoked potentials are normal in the
normal hemisphere. These early evoked potentials probably arise
from visual cortex in the occipital lobe, and indicate that
subjects are not blind and do receive the visual information at
least to the point of visual cortex. Further evidence that the
neglect is not perceptual comes from a milder version of unilateral
neglect, called extinction. Patients with a unilateral lesion of
the parietal lobe w1l respend to a single stimulus when presented
in either visual field, but when two stimuli are presented each in
a different visual field, the stimulus in the good visual field is
the only stimulus that elicits a response. In extinction, the
subject can not be blind to objects presented in the contralesion
visual field; when a siagle stimulus is presented in the
contralesion visvaii field, the subject can respond to it. The
second source of evidenca suggesting the parietal lobe is important
in visual-gpatial atteation comes from neurophysiological studies.
Many neurons in the parietal lobe are activated by visual stimuli.
Visual fields can be mapped out fcr these neurons and they occur in
the contralateral visual field. In addition, the firing
characteristics of these neurons are modulated by attentional

factors. Enhancement of firing rate occurs when a stimulus is
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presented in the receptive field and under conditions when that
stimulus is an important stimulus for a response. Enhancement
occurs in parietal lobe neurons when the stimulus presented in the
receptive field is a target for saccades or is a signal to make a
hand response. The enhancement of firing rate in parietal lobe
neurons is spatially selective, i.e., enhancement occurs only when
the target stimulus is in the neuron's receptive field. The
enhancement in parietal lobe neurons is not response specific, and
occurs in tasks where a saccade is to be made or when a hand
movement is to be made. The critical feature that appears to be
important in eliciting enhancement is the direction of attention to
a stimulus in the neurons receptive field. Both the lesion and the
electrophysiological data point to a important role of the parietal
lobe in visual spatial attention.

The results from patients with unilateral lesions of the
parietal lobe suggest that the parietal lobe is involved in spatial
attention for nonvisual modalities as well. Subjects with
unilateral parietal 1lobe 1lesions have unilateral neglect for
somatosensory stimuli as well as auditory stimuli. What needs to
be researched in this field 1is whether unilateral neglect for
somatosensory and auditory stimuli always occur together with
unilateral neglect for visual stimuli. If unilateral neglect
occurs for all three modalities following lesions of the parietal
lobe, the parietal lobe must be involved in spatial attention for
many modalities. Even if the unilateral neglect for the three
modalities 1is not 100% correlated, different regions of the

parietal lobe may be involved in spatial attention for each
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modality. The same neurons may be responsible for spatial
attention of all three modalities, or one set of neurons may be
important for visual spatial attention, another for somatosensory
spatial attention, and a third for auditory spatial attention.
The responsiveness of parietal neurons to nonvisual stimuli
has not been studied extensively. Parietal neu—ons are activated
by both visual and somatosensory stimuli. These neurons are
located in the ventral intraparietal area (VIP). The VIP area
sends projections to areas MT and MST, the motion sensitive regions
of the superior temporal sulcus. All neurons in area VIP had
visual receptive f.ields. These neurons are responsive to alive
variety of visual stimuli and are very sensitive to stimulus
motion. In these respects, the properties of VIP neurons are
similar to those of cells in MT and MST. Some neurons are
sensitive to the direction of motion of the stimulus, stimulus
depth, and speed of movement through the receptive field.
Attention modulates the activity of neurons in the VIP area.
Enhancement of activity occurs when a stimulus is presented in the
neuron's receptive field, and when the stimulus is a target for a
saccade. If these neurons behave similarly to those neurons
described in vprevious studies, then the activity of these neurons
should be enhanced in a nonsaccade test in which the stimulus is a
signal for the animal to make a hand movement response. These
properties have previously been described for neurons located in
the parietal lobe. The unusual feature of these cells is their
responsiveness to somatosensory stimuli, with the somatosensory

receptive field and the visual receptive fields having similar
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properties: spatial location, field size, and motion selectivity.
For example, a neuron with a visual receptive field in the upper
contralateral quadrant of visual space may have a somatosensory
receptive field in the contralateral upper quadrant of the face and
above the ear. The vertical meridian of the visual field matches
the body midline, the visual field horizontal meridian matches a
line in the somatosensory field which bisects the face, and the
eccentricity of the visual receptive field matches the deviation of
the somatosensory receptive field from the midsagittal plane (for
example, cells with frontal somatosensory receptive fields have
mor: central visual receptive fields). The sizes of visual and
somatosensory receptive fields are also correlated so that cells
with small visual receptive fields have small somatosensory
receptive fields and cells with large visual receptive fields have
large somatosensory receptive fields. Finally, the directional
sensitivity of these cells 1is correlated in the visual and

somatosensory modality.

THE ELEMENT SUPERIORITY EFFECT: ATTENTION?

A series of experiments with pigeons have used a variation of
the match-to-sample procedure to demonstrate that the
characteristics of the sample can affect performance during the
subsequent choice test, and have interpreted these differences in
performance as reflecting differences in attention. However, this
interpretation has been challenged recently. Because these

experiments have been an important line of research using concepts
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of attention to describe the performance of animals, they will be
reviewed briefly here, describing in order the concept behind the
experiments, the basic procedure and results, and the recent
problems in interpretation.

If the ability to process stimuli is limited, then the rate at
which information can be obtained about a given stimulus should
depend on the complexity of that stimulus. In the context of the
present experiment, this hypothesis leads to the prediction that
performance during a test should be better (choice accuracy higher,
reaction time shorter) if the stimulus to be remembered has a
single dimension identifying it, rather than two or more. The term
"element superiority effect" refers to the fact that in the basic
experimental procedures, a sample stimulus with a single element
produces better performance than a compound stimulus with two
elements.

The typical experimental procecdire requires the animal to
respond to one of two test stimuli, with the test stimulus that is
correct being determined by the characteristics of the sample
stimulus presented immediately prior to the test stimuli. The type
of sample stimulus differed in the two types of trials. For
element trials, the sample stimulus had only one dimension, whereas
for compound trials, the sample stimulus had two dimensions. On
element trials, the stimulus might have the dimension of shape
(square or triangle) or color (red or blue), but not both. For
compound trials, the stimulus had both dimensions, one shape and
one color. For the test trials, the two stimuli had only one

dimension; one stimulus had one value, the other stimulus had a
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second value.

The element superiority effect appears as better performance
on test trials following element stimuli than following compound
stimuli. Thus, when the pigeon was given only one relevant
dimension to remember (either shape or color), performance was
better than when two relevant dimensions (shape and color) were
present. The limited capacity attentional explanation interprets
these data as follows. Encoding the information from the sample
stimulus requires cognitive capacity. This capacity is limited.
Encoding two dimensions of a stimulus' is more difficult than
encoding a single dimension.

Although this interpretation is adequate to describe the basic
element superiority effect, it fails to explain the results
obtained from two variations from this effect. One variation tests
the hypothesis that the magnitude of the element superiority effect
should decrease as the duration of the sample stimulus is
increased. If the element superiority effect with brief
presentations of the sample is due to limited encoding capacity,
long presentations of the sample stimulus should remove that
capacity limitation, and allow accurate encoding of all information
in the stimulus. The experimental procedure is the basic one as
described above with both compound and element stimuli, with the
additional variation of the duration of the sample stimulus. The
limited capacity attentional hypothesis of the element superiority
effect predicts an interaction of the magnitude of the element
superiority effect and the duration of the sample stimulus, this

magnitude decreasing with increased stimulus duration.
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Unfortunately, for the hypothesis, this interaction does not occur.

A second problem for the limited capacity attentional
hypothesis of the element superiority effect is the presence of an
interaction of performance with the duration of the test stimulus.
These particular experiments were conducted with humans, rather
than pigeons. Consequently, the possibility must be left open that
experiments with pigeons may not demonstrate the interaction
described here. However, all other aspects of performance in the
relevant experiments were similar for pigeons and humans.
Therefore, the most likely outcome to predict in the experiments
with pigeons is the same pattern of results as in the experiments
with humans.

The experimental design was the same as that described above
for the interaction with the duration of the sample stimulus except
that the duration of the test stimulus was manipulated. The sample
stimulus was 100 msec. The test stimulus was either 100 msec of
500 msec. With the short (100 msec) test stimulus, the element
superiority effect occurred; reaction time for trials with element
stimuli was faster than reaction time for trials with compound
stimuli. With the long (500 msec) test stimulus, the magnitude of
the element superiority effect was greatly reduced, producing the
statistical interaction between the duration of the test stimulus
and the type of sample stimulus.

Together, these results demonstrate that the relevant
cognitive mechanisms are not active at the time of the sample
stimulus, but are active at the time of the test stimulus.

Consequently, attentional interpretations emphasizing a limited
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capacity for encoding information about the test stimulus must be
incorrect. Rather, alternative explanations focussing on cognitive
mechanisms responsible for comparison of the test stimuli to the
sample stimulus and making an appropriate response must be the
important variable.

In summary, the element superiority effect is important for
three reasons. (1) It has been the subject of substantial
investigation in animals and has produced a large body of
literature that has been interpreted in terms of attentional
mechanisms. (2) It is one of the few tests of attention that has
been given to both humans and nonhuman animals. (3) The
attentional interpretation of this phenomenon has recently been

questioned.

ANIMAL MODELS OF ATTENTION DEFICIT

Animal models of attention deficit have been pursued for
several reasons because they are critical to describe and
understand the neural machinery that is involved in attentional
processes, and because they can help investigate the clinical
syndromes that are thought to involve impairments in attention.
Two noteworthy dysfunctions are schizophrenia and attention deficit
hyperactivity disorder (ADHD). These disorders may encompass a
number of other cognitive deficits, but many theories focus on the
attentional deficits. Good animal models of attentional deficits
are useful and facilitate the development of therapeutic approaches

to treating these diseases.

46




Latent inhibition is the detrimental effect of passive,
nonreinforced exposure to a stimulus on the subsequent ability to
form new associations to that stimulus. This phenomenon has
important implications for the study of attention because the
process of latent inhibition changes the relative ability of
stimuli to alter behavior, and has often been interpreted ‘n terms
of an attentional mechanism. An excellent and recent review is
available in Lubow, 1990, and the reader who is interested in the
details of this analysis is encouraged to consult that reference
for further information. The present discussion will focus on only
those aspects of latent inhibition that are most relevant to the
analysis here.

The assessment of latent inhibition (LI) has been used for a
number of years to measure attention in animals. Recently, the LI
procedure has been used in schizophrenic patients. The similar
results found in schizophrenic patients and animals given
amphetamine has provided evidence that the LI procedure may be a
valid model of attention deficits.

The basic design for an experiment to demonstrate latent
inhibition has three components. (1) An experimental group, as
compared to a control group, is presented with a stimulus. (2)
Subsequently, both groups are given a conditioning procedure to
learn to associate the stimulus presented in phase 1 with some
event. (3) Latent inhibition is demonstrated by impaired
acquisition of the new association in the experimental group.

The LI procedure presents a stimulus without any reinforcement

contingencies. During the conditioning phase that follows the
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exposure phase, the same stimulus is paired with a reinforcer. The
ab..lity to 1learn the association between the stimulus and
reinforcer is measured. In normal subjects, exposure of the
stimulus inhibits learning the association of the stimulus and
reinforcer. One explanation is that during the exposure phase, the
subjects learn that the stimulus does not predict reinforcement.
The stimulus is coded as irrelevant and is therefore ignored.
Because the stimulus is ignored, the association between stimulus
and reinforcer is acquired slowly during the conditioning phase.
This retardation of learning due to exposure is termed latent
inhibition. Subjects with attention deficits learn the association
between stimulus and reinforcement during the conditioning phase
faster than normal subjects. Here, the explanation is that
attention deficits prevent these subjects from filtering out the
irrelevant stimulus. Therefore, during the conditioning phase, the
stimulus is not ignored and is readily associated with the
reinforcement.

Recent data have implicated the nucleus accumbens as an
important brain structure in latent inhibition. Amphetamine, which
produces symptoms of acute schizophrenia, reduces latent
inhibition. This effect of amphetamine can be abolished by lesions
of the nucleus accumbens. Additional evidence for a role of the
accumbens in liatent inhibition is that lesions of the ventral
hippocampus and subiculum block 1latent inhibition and these
structures project to the same cells in the accumbens that receive
input from the mesolimbic dopaminergic system. In humans,

schizophrenics exhibiting Type 1 symptoms have reduced latent
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inhibition compared to controls reduced numbers of cells in the
accumbens. These results suggest that the accumbens is important
in attention and may be one of the neurobiological dysfunctions
involved in the attentional deficits of schizophrenics.

One obvious difference between the experiments using the
procedure of latent inhibition with animals, and those studying
selective attention in humans, is the time course of the
manipulation and the measurement. In experiments that measure
reaction time in humans, the independent variable that manipulates
attention is often very brief, a verbal instruction, a few minutes
of experience, or a cue that is present for only a few hundred
milliseconds. Likewise, the effect of the independent variable is
usually immediate, seen in the first few trials. In contrast, the
manipulation to produce latent inhibition in animals typically uses
many trials, and the measurement of its effect also takes place
during many trials. As pointed out previously, however,
definitions of selective attention have generally not placed a time
parameter on the effects, and an analysis of the neural mechanisms
may be required to determine whether short-term plasticity (both
manipulations and effects) and long-term plasticity (again, both
manipulations and effects) use different mechanisms or not.

In short, latent inhibition is an important phenomenon in
itself, and has had a significant impact on thinking about
attentional processes in animals. In addition, a comparison of the
procedures and results used in latent inhibition with those used in
typical reaction time experiments highlights many of the issues

concerning the mechanisms controlling attention, and the ways in
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which attention should be distinguished from other forms of

plasticity.

CONDITIONED ATTENTION THEORY

Latent inhibition, and the theoretical description of this
phenomenon in conditioned attention theory (CAT), are important
because the phenomena and the theory suggest that the ability of a
stimulus to be associated with another stimulus is a function of
the amount of attention given to that stimulus. By implication,
all the phenomena of conditioning are modified by attentional
processes. If such is the case, CAT has profound implications for
the understanding of many different types of behavior and the
cognitive processes underlying these.

A recent theoretical analysis of latent inhibition is provided
by Lubow (1989) in his discussion of conditioned attention theory
(CAT). CAT is designed to incorporate all the basic phenomena of
latent inhibition, organize these in a coherent theoretical
framework, and indicate the ways in which latent inhibition can be
placed within the framework of classical conditioning.

CAT "...states that nonreinforced exposure to a stimulus
retards subsequent conditioning to that stimulus because during

such pre-exposure the animal learns not to attend to it. The

theory is based on the use of attention as a hypothetical
construct, with the characteristics of a Pavlovian response, and on
the specification of reinforcement conditions that modify

intention." (Lubow, 1989, page 190). In the discussion that
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follows, the importance of the amount o1 attention given to a
stimulus should be always kept in mind. The discussion will mainly
describe the experimental data and theory in terms of the amount of
attention. However, attention, in turn, has a profound effect on
the associability of events with a given stimulus. Consequently,
changes in attention have a substantial influence on the extent to
which the stimulus in question enters into associations through
conditioning. Greater attention leads to greater associability.

A continuum of attention is postulated by CAT. Thus,
attention and inattention are treated as two ends of a single
process, rather than as two different processes. The empirical
laws of conditioning are postulated to influence attention (Lubow,
1989, Page 196-205.) Attention is treated like any other response
that is altered by classical conditioning, and influenced by the
variables already identified as influential in classical
conditioning. These are stated explicitly in terms of latent
inhibition, but because latent inhibition is a form of conditioned
inattention, they can be restated in terms of conditioned
inattention.

Conditioned inattention is:

1. Relatively long-lasting.

2. Specific to a stimulus.

3. A positive function of the number of times that a stimulus has
been presented without reinforcement.

4, A positive function of the time between stimulus presentation.

5. A positive function of stimulus intensity.

6. Influenced by external inhibition, i.e. distraction.

S1




7. Influenced by blocking.
8. Influenced by overshadowing.
9. Subject to extinction and =nantaneous recovery.
10. Enhanced as a result of adaptation to other stimuli.
Considering attention as a conditioned response may seem to be
an unusual approach. However, it is not significantly different
than the usual view of attention as a property of the information
processing system. In both views, attention can be manipulated,
and that is the critical feature that allows CAT and other views of
attention to be related to each other. Indeed, the whole point of
CAT is that a powerful theoretical framework, in the form of
conditioning, can be brought to uncderstand some of the variables
that influence attention and some of the effects of attention. In
describing attention as a response, CAT clearly does not mean to
imply that it is at the motoric periphery of the cognitive process
or the individual. Rather, this response is sufficiently central
to have a profound influence on subsequent processing of stimulus
information. As such, the basic idea of CAT is clearly compatible
with other approaches that do not consider attention as a response.
The analysis provided by CAT is important for two reasons.
(1) It provides a coherent approach to a phenomenon, latent
inhibition, that has been intensely examined experimentally, and
has been described theoretically in the framework of attention.
CAT 1is currently the most comprehensive analysis of this
phenomenon, and offers a c¢oherent theoretical framework to
understand it. (2) Neural analyses of attentional processes are

possible within the context of latent inhibition. To the extent
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that latent inhibition and CAT provide a useful analysics of some
ferms of attention, these experimental procedures in theoretical
frameworks can be adopted to identify the neurai systems involved
in attention. Considerable work has provided information about the
role of accumbens in latent inhibition, with experimental
procedures that can systematically be adapted to answer many other
questions in attention. An extension of the techniques (sinjle
unit recordings, lesions, intracranial infusions, etc.,, anatomical
structures (frontal cortex, basal forebrain cholinergi-: system,
dopamine) and theoretical frameworks (especially analyses directed
to the site of change of stimulus processing and the site that
produces this change) could be particularly powerful. As stated
previously, one intended goal of this report is to stimulate an
integration of different approaches to attention, and latent

inhibition, in the context of CAT, offers an excellent opportunity.

53




NEUROBIOLOGY OF ATTENTION

BIBLIOGRAPHY

David S. Olton
Kevin Pang
Howard Egeth
Department of Psychology
The Johns Hopkins University

Baltimore, MD 21218




v

Adler, L. E,, Pang, K., Gerhardt, G., & Rose, G. M. (1988). Modulation of the gating of
auditory evoked potentials by norepinephrine: pharmacological evidence obtained using
a selective neurotoxin. BIOLOGICAL.PSYCHIATRY, 24,179-190.

Aman, M. G., & Kern, R. A. (1989). Review of fenfluramine in the treatment of the

developmental disabilities. Journal of the American Academy of Child and Adolescent
Psychiatry, 28,549-565.

Andersen, R., Graziano, M., & Snowden, R. (1990). Translational invariance and

attentional modulation of MST cells. Society for Neurgscience,

Andersen, R. A. (1990). Inferior parietal lobule function in spatial perception and
visuomotor integration. NQ name,

Andersen, R.A., & Gnadt, JW. (1988). Posterior parietal cortex. In Wurtz, & Goldberg
(Eds.),The neurobiology of saccadic eye movements (pp. 315-335). : Elsevier Science
Publishers BV.

Andrew, R.J. (1991). Testosterone, attention and memory. In P. Bateson (Ed.),The
development and integration of behavior (pp. 171-180). United Kir~dom: Cambridge
University Press.

Baker, H., Ridley, R., Haystead, T., & Crow, T. (1983). Further consideration of the
learning impairment after aceperone in the marmoset: Effects of the drug on shape and
colour discrimination and on an alternation task. Pharmacology.Biochemistry and
Behavicr, 18,701-704.

Baker, N. J., Staunton, M., Adler, L. E., Gerhardt, G. A., Drebing, C., Waido, M.,
Nagamoto, H., & Freedman, R. (1980). Sensory gating deficits in psychiatric inpatients:
relation to catecholamine metabolites in different diagnostic groups.
BIOLOGICAL.PSYCHIATRY, 27,519-528.

Bakker, D. J. (1984). The brain as a dependent variable. Journal of Clinical
Neuropsychology, 8,1-16.

Baribeau, J. C., & Laurent, J. P. (1987). The effect of selective attention on
augmenting/intensity function of the early negative waves of AEPs.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL. NEURQPHYSIOLOGY.SUPPLEMENT
., 40,68-75.

Baribeau, J. C., Ethier, M., & Braun, C. M. (1987). Neurophysiological assessment of
selective attention in males at risk for alicoholism.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL. NEUROPHYSIOLOGY.SUPPLEMENT

., 40,651-656.

Baruch, I., Hemsley, D. R., & Gray, J. A. (1988). Differential performance of acute and




chronic schizophrenics in a latent inhibition task.
JOURNAL.QF NERVOUS.AND.MENTAL.DISEASE., 176,598-606.

Bernstein, 1. H., Schurman, D. L., & Forester, G. (1987). Choice reaction time as a
function of stimulus uncertainty, response uncertainty, and behavioral hypotheses. Journat

of Experimental Psychology, 74,517-524.

Best, P.J., & Stokes, K.A. (1990). Lesions of mediodorsal thalamic nucleus cause deficits
in attention to changes in environmental cues without causing sensory deficits. In A.
Diamond (Ed.),The development and neural bases of higher cognitive functions New
York: The New York Academy of Sciences.

Biederman, 1., & Stacy, E. W. (1974). Stimulus probability and stimulus set size in memory
scanning. Journal of Experimental Psychology, 102,1100-1107.

Biederman, |., & Zachary, R. A. (1970). Stimulus versus response probability effects in
choice reaction time. Perception & Psychophysics, 7,183-192.

Bizzi, E., & Schiller, P. H. (1970). Single unit activity in the frontal eye fields of
unanesthetized monkeys during eye and head movement. Exp. Brain Res., 10,151-158.

Biackman, A. R. (1972). Stimulus probability and choice reaction time. Perception &
Psychaphysics, 12,146-150.

Blough, P. M. (198%a). Attentional priming and visual search in pigeons. Journal of
Experimental Psychology: Animal Behavior Processes, 15(4),358-365.

Blough, P. M. (1988b). Attentional priming and visual search in pigeons. Journal of
Experimental Psychology Animal Behavior Processes, 15,358-365.

Bon, L., & Lucchetti, C. (1988). The motor programs of monkey's saccades: an
attentional hypothesis. EXPERIMENTAL.BRAIN RESEARCH., 71,199-207.

Born, J., Fehm-Wolfsdorf, G., Pauschinger, P., & Fehm, H. L. (1887). Dose-dependent
influences on ERP indicators of attention after neuropeptide ACTH 4-10.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
- 40,509-513.

Bornstein, R. A., Pakalnis, A., Drake, M. E. , Jr., & Suga, L. J. (1988). Effects of seizure
type and waveform abnormality on memory and attention. ARCHIVES.OF NEURQLOGY .,
45,884-887.

Braff, D. L. (1989). Sensory input deficits and negative symptoms in schizophrenic
patients. AMERICAN.JOURNAL.QF.PSYCHIATRY, 146,1006-1011.




Braff, D. L., & Geyer, M. A. (1990). Sensorimotor gating and schizophrenia. Human and
animal model studies. ARCHIVES.OF GENERAL.PSYCHIATRY, 47,181-188.

Braitman, D. J. (1984). Activity of neurons in monkey posterior temporal cortex during
multidimensional visual discrimination tasks. Brain Research, 307(1-2),17-28.

Brandeis, D., Horst, A., & Lehmann, D. (1987). Topographic effects of attention and
subjective figure perception in adaptively segmented ERP map series.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL . NEUROPHYSIOLOGY.SUPPLEMENT
- 40,76-80.

Brandeis, D., & Lehmann, D. (1989). Segments of event-related potential map series
reveal landscape changes with visual attention and subjective contours.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY., 73,507-519.

Braun, D., & Breitmeyer, B. G. (1988). Relationship between directed visual attention and
saccadic reaction times. EXPERIMENTAL.BRAIN RESEARCH., 73,546-552.

Brenner, E., Mirmiran, M., Van-Haaren, F., & Van-der-Gugten, J. (1986).
6-Hydroxydopamine treatment does not affect the young rat's ability to modify its
response when changing from food to water deprivation. Behavioural Brain Research,
19,89-92.

Brenner, E., & Mirmiran, M. (1988). Event related potentials recorded from rats performing
a reaction-time task. Physiology and Behavior, 44,241-245.

Brigner, W. L. (1987a). Inhibitory interaction between channels sensitive to direction and
velocity in the human visual system. PERCEPTUAL. AND.MOTOR.SKILLS., 65,535-540.

Brigner, W. L. (1987b). Auditory illusion analogous to the Baldwin figure in vision.
PERCEPTUAL.AND.MOTOR.SKILLS., 65,527-530.

Britton, L. A., & Delay, E. R. (1989). Effects of noise on a simple visual attentional task.
PERCEPTUAL.AND.MOTOR.SKILLS., £68,875-878.

Brown, R. G., & Marsden, C. D. (1988). Internal versus externatl cues and the control of
attention in Parkinson’s disease. Brain, 111,323-345.

Brown, R. T., & Sexson, S. B. (1988). A controlled trial of methyiphenidate in black
adolescents. Attentional, behavioral, and physiological effects. CLINICAL.PEDIATRICS.,
27,74-81.

Bruto, V., Kokkinidis, L., & Anisman, H. (1883). Attenuation of perseverative behavior after
repeated amphetamine treatment: Tolerance or attentional deficits?.
Pharmacology,Biochemistry and Behavior, 19,497-504.




Bunsey, M., Kramer, D., Kesler, M., & Strupp, B. J. (1990). A vasopressin metabolite
increases attentional selectivity. Behavioral Neuroscience, 104,277-287.

Bushnell, M. C., Goldberg, M. E., & Robinson, D. L. (1981a). Behavioral enhancement of
visual responses in monkey cerebral cortex: |. modulation in posterior parietal cortex
related to selective visual attention. J. Neurophysiol., 46,755-772.

Bushnell, M. C., Goldberg, M. E., & Robinson, D. L. (1881b). Behavioral enhancement of
visual responses in monkey cerebral cortex. |. Modulation in posterior parietal cortex

related to selective visual attention. Journal of Neurophysiology, 46(4),755-772.

Butter, C. M. (1987). Varieties and disturbances of attention in neurophysiological and
neuropsychological aspects of spatial neglect. Advances in psychology, 45,1-23.

Butter, C. M., Mark, V. W., & Heilman, K. M. (1988). An experimental analysis of factors
underlying neglect in Iine bisection.

JOURNAL.QF NEUROLOGY,.NEURQSURGERY.AND.PSYCHIATRY, 51,1581-1583.

Buzsaki, G., Bickford, R. G., Ponomareff, G., Thal, L. J., Mandel, R., & Gage, F. H. (1988).
Nucleus basalis and thalamic control of neocortical activity in the freely moving rat. The
Journal of Neurgscience, 8(11),4007-4026.

Caine, N. G., & Marra, S. L. (1988). Vigilance and social organization in two species of
primates. Animal Behaviour, 36,897-904.

Camacho, F., Woods, A. T., Kerman, L. L., & Dunn, R. W. (1992). Clozapine preferentially
antagonizes MK-801-induced locomotion and falling behavior in mice. Hoechst,

Capitani, E., Della Sala, S., Lucchelli, F., Soave, P., & Spinnler, H. (1988). Perceptual
attention in aging and dementia measured by Gottschaldt’s Hidden Figure Test.

JOURNAL.OF. GERONTOLOGY., 43,P157-P163.

Cappeliez, P., & Moore, E. (1988). Effects of lithium on latent inhibition in the rat. Progress
in_ Neuro Psychopharmacology and Biological Psychiatry, 12,431-443.

Cave, K. R., & Woilfe, J. M. (1990). Modeling of the role of parallel processing in visual
search. Manuscript,

Caza, P. A. (1984). Noradrenergic influences on biocking: Interactions with development.
Pharmacology,Biochemistry and Behavior, 21,9-17.

Chase, J. (1983). Differential responses to visual and acoustic cues during escape in the
bat Anoura geoffroyi : Cue preferences and behaviour. Animal Behaviour, 31,526-531.

Chaudhuri, A. (1990). Moduiation of the motion aftereffect by selective attention [see
comments]. Nature, 344,60-62.




Cheal, ML. (1984a). Differential effects of haloperidol and clozapine on attention.
Psychopharmacoloqy, 84,268-273.

Cheal, ML., Johnson, M. R., Ellingboe, J., & Skupny, A. S. (1984b). Perseveration of
attention to conspecific odors and novel objects in castrated gerbils. Physiology and
Behavior, 33,563-570.

Cheal, ML. (1987). Attention and habituation: Separation of specific components in
development. Physiology and Behavior, 41,415-425.

Church, R. M. (1984). Properties of the internal clock. New York Academy of Sciences
Conference on Timing and Time Perception: The internal clock (1983, New York, NY).

Annals of the New York Academy of Sciences, 423,566-582.

Ciancia, F., Maitte, M., Honore, J., Lecoutre, B., & Coquery, J. M. (1988). Orientation of
attention and sensory gating: an evoked potential and reaction time study in cat.
EXPERIMENTAL.NEUROLOGY., 100,274-287.

Ciesielski, K. T., Courchesne, E., & Elmasian, R. (1990). Effects of focused selective
attention tasks on event-related potentials in autistic and normal individuals.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 75,207-220.

Clark, C., Geffen, G., & Geffen, L. (1987). Catecholamines and attention: . Animal and
clinical studies. Neurgscience and Biobehavioral Reviews, 11,341-352.

Clark, C. R., Geffen, G. M., & Geffen, L. B. (1987). Catecholamines and attention Il:
pharmacological studies in normal humans. Neurgscien nd Biobehavioral Reviews,
2,353-364.

Clifton, P., Andrew, R., & Brighton, L. (1988). Gonadal steroids and attentional
mechanisms in young domestic chicks. Physiology and Behavior, 43,441-446.

Cohen, A., & Rafai, R. D. (1991). Attention and feature integration: illusory conjunctions
in a patient with a parietal lobe lesion. Psychological Science, 2,106-110.

Cohen, R. M., Semple, W. E., Gross, M., Holcomb, H. H., Dowling, M. S., & Nordahl, T.
E. (1988a). Functional localization of sustained attention: comparison to sensory

stimulation in the absence of instruction. Neuropsychiatry; neuropsychology, and
behavioral neyrology, 1(1),3-20.

Cohen, R. M., Semple, W. E., Gross, M., Nordahl, T. E., Hoicomb, H. H., Dowling, M. S.,
& Pickar, D. (1988b). The effect of neuroleptics on dysfunction in a prefrontal substrate
of sustained attention in schizophrenia. LIFE.SCIENCES., 43,1141-1150.

Colby, C. L. (1990). The neuroanatomy and neurophysiology of attention. In Press,




Cooper, S. J., & Webb, Z. M. (1884). Microstructural analysis of chlordiazepoxide's effects
on food preference behavior in Roman High-, Control- and Low-Avoidance rats.

Physiology and Behavior, 32,581-588.

Cope, D. N. (1986). The pharmacology of attention and memory. J Head Trauma Rehabil,
1,34-42.

Coppola, R., & Gold, J. (1980). What is left of attention in schizophrenia? [letter].
ARCHIVES.OF . GENERAL.PSYCHIATRY, 47,291-292.

Corbetta, M., Miezin, F. M., Dobmeyer, S., Shulman, G. L., & Petersen, S. E. (1990).
Attentional modulation of neural processing of shape, color, and velocity in humans.
Science, 248,1556-1559.

Cowart, V. S. (1988). The Ritalin controversy: what's made this drug’s opponents

hyperactive? [news]. JOURNAL.QF. THE.AMERICAN.MEDICAL.ASSOCIATION.,
259,2521-2523.

Crabtree, D. A.,, & Antrim, L. R. (1988). Guidelines for measuring reaction time.
PERCEPTUAL.AND.MOTOR.SKILLS., 66,363-370.

Crick, F., & Koch, C. (1990). Towards a neurobiological theory of consciousness. The
Neurosciences, 2,263-275.

D’Angio, M., Serrano, A., Driscoll, P., & Scatton, B. (1988). Stressful environmental stimuli
increase extracellular DOPAC levels in the prefrontal cortex of hypoemotional (Roman
high- avoidance) but not hyperemotional (Roman low-avoidance) rats: An in vivo
voltammetric study. Brain Research, 451,237-247.

de-Wied, D., & Van-Ree, J. M. (1988). Neuropeptides: Animal behaviour and human
psychopathology. European Archives of Psychiatry and Neurological Sciences,
238,323-331.

Delacour, J., Houcine, O., & Costa, J. C. (1990). Modifications of the responses of barrel
field neurons to vibrissal stimulation during theta in the awake and undrugged rat.
Neuroscience, 37(1),237-243.

Desimons, R., Schein, S. J., Moran, J., & Ungerleider, G. (1985). Contour, color and
shape analysis beyond the striate cortex. Vision Research, 25,441-452.

Desmedt, J. E., & Tomberg, C. (1989). Mapping early somatosensory evoked potentials
in selective attention: critical evaluation of control conditions used for titrating by difference
the cognitive P30, P40, P100 and N140.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL. NEUROPHYSIOLOGY., 74,321-346.




deToledo-Morrell, L., Evers, S., Hoeppner, T. J., Morrell, F., Garron, D. C., & Fox, J. H.
(1991). A "stress"” test for memory dysfunction: electrophysiologic manifestations of early
Alzheimer’'s disease. Arch.Neurgl., In Press.

Deutsch, J. A., & Deutsch, D. (1963). Attention: Some theoretical considerations.
Psychological Review, 70,80-90.

DeYoe, E. A, & Van Essen, D. C. (1988). Concurrent processing streams in monkey
visual cortex. Trends in Neurgscience, 11(5),219-226.

Dillon, P. J. (1966). Stimulus versus response decisions as determinants of the relative
frequency effect in disjunctive reaction-time performance. Journal of Experimental
Psychology, 71,321-330.

Donald, M. W. (1987). The timing and polarity of different attention-related ERP changes
inside and outside of the attentional focus.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL . NEURQPHYSI Y.SUPPLEMENT
. 40,81-86.

Donchin, E., Karis, D., Bashore, T.R., Coles, M.G.H., & Gratton, G. (1986). Cognitive
psychophysiology and human information processing. In M. G. H. Coles, E. Donchin, &
S. W. Porges (Eds.),Psychophysiology systems, processes, and applications (pp.
244-267). New York: Guilford Press.

Dornic, S., & Dornic, V. (1987). A high-load information-processing task for stress
research. PERCEPTUAL.AND.MOTOR.SKILLS., 65,712-714.

Duhamel, J-R., Colby, C. L., & Goldberg, M. E. (1991). Concurrent representations of
visual and somatosensory space in single neurons of monkey ventral intraparietal cortex
(Area VIP). In Press, (In Press)

Duncan-Johnson, C. C., & Donchin, E. (1982). The P300 component of the event-related
brain potential as an index of information processing. Biological Psychology, 14,1-52.

Dunne, M. P., & Hartley, L. R. (1985). The effects of scopolamine upon verbal memory:
evidence for an attentional hypothesis. Acta. Psychol., 58,205-217.

el Massioui, F., & Lesevre, N. (1988). Attention impairment and psychomotor retardation
in depressed patients: an event-related potential study.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY., 70,46-55.

Emory, G. R., & Harris, S. J. (1981). Attention, orientation and socioecological systems
in cercopithecine primates: Taxonomic comparisons. Social ience Information
_2_Q,537-559.

Estes, W. K. (1982). Similarity-related channel interactions in visual processing. Joyrnal




of Experimental Psychology: Human Perception and Performance, 8,353-382.

Everett, J.,, Laplante, L., & Thomas, J. (1989). The selective attention deficit in
schizophrenia. Limited resources or cognitive fatigue?. rnal of nerv nd mental
m: .LZZ1735-738'

Faux, S. F., Shenton, M. E., McCarley, R. W., Torello, M. W., & Duffy, F. H. (1987). P200
topographic aiterations in schizophrenia: evidence for left temporai-centroparietal region

e f i c [ t S .
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,681-687.

Feldon, J., & Weiner, |. (1988). Long-term attentional deficit in nonhandled males: possible
involvement of the dopaminergic system. PSYCHOPHARMACOLOGY., 95,231-236.

Fergusson, D. M., Fergusson, J. E., Horwood, L. J., & Kinzett, N. G. (1988). A longitudinal
study of dentine lead levels, intelligence, school performance and behaviour. Part Iil.
Dentine lead levels and attention/activity.

JOURNAL.QF.CHILD.PSYCHOLOGY.AND.PSYCHIATRY _ AND.ALLIED.DISCIPLINES.,
29,811-824.

Fernandez-Ballesteros, R., & Vizcarro-Guarch, C. (1987). Response selection on the
Rorschach Test. PERCEPTUAL.AND.MOTOR.SKILLS., 65,935-940.

Fischer, B., & Weber, H. (1988). Significance of attentive fixation for the selection of
saccade targets in different parts of the visual field of the rhesus monkey.
EXPERIMENTAL.BRAIN RESEARCH., 73,577-582.

Fitts, P. M. (1966). Cognitive aspects of information processing. lll. Set for speed versus
accuracy. Journal of Experimental Psychology, 71,849-857.

Fleishman, L. J. (1988). Sensory influences on physical design of a visual display. Animal
Behaviour, 36,1420-1424.

Flood, N. J. (1989). Coloration in New World orioles: |. Tests of predation-related
hypotheses. Behavioral Ecology and Sociobiclogy, 25,49-56.

Fontani, G., Farabollini, F., & Carli, G. (1984a). Hippocampal electrical activity and
behavior in the presence of novel environmental stimuli in rabbits. Behavioural Brain
Research, 13,231-240.

Fontani, G., Grazzi, F., & Meucci, M. (1984b). Effect of piracetam plus choline treatment
on hippocampal rhythmic slow activity (RSA) and behavior in rabbits. Life Sciences,
35,1183-1189.

Foreman, N. P. (1983). Head-dipping in rats with superior collicular, medial frontal cortical




and hippocampal lesions. Physiology and Behavior, 30,711-717.

Frank, Y., & Ben-Nun, Y. (1988). Toward a clinical subgrouping of hyperactive and
nonhyperactive attention deficit disorder. Results of a comprehensive neurological and

neuropsychological assessment. A ICAN. l QOF.CHI ,
142,153-155.

Froehlich, P., Collet, L., Chanal, J. M., & Morgon, A. (1990). Variability of the influence of
a visual task on the active micromechanical properties of the cochlea. BRAIN
RESEARCH., 508,286-288.

Furukawa, C. T., DuHamel, T. R., Weimer, L., Shapiro, G. G., Pierson, W. E., & Bierman,
C. W. (1988). Cognitive and behavioral findings in children taking theophylline.
JOURNAL.OF ALLERGY.AND.CLINICAL.IMMUNOLOGY., 81,83-88.

Gaillard, A. W., & Mantysalo, S. (1987). ERPs in a combined memory comparison and
s el ective attention paradigm

ELECTROENCEPHALOGRAPHY.AND.CLINICAL. NEUROPHYSIQOLOGY.SUPPLEMENT -
.» 40,87-91.

Gallagher, M., & Burwell, R. D. (1989). Relationship of age-related decline across several
behavioral domains. Neurobiol f Aging, 10,691-708.

Geyer, M. A., & Braff, D. L. (1987). Startle habituation and sensorimotor gating in
schizophrenia and related animal models. Schizophrenia Bulletin, 13,643-668.

Giard, M. H., Pernier, J., Perrin, F., & Peronnet, F. (1987). Topographic study of auditory
attention-related waveforms: a preiliminary report.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,92-98.

Giard, M. H., Perrin, F., Pernier, J., & Peronnet, F. (1988). Several attention-related wave
forms in auditory areas: a topographic study.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 69,371-384.

Goldberg, M. E., & Bruce, C. J. (1985). Cerebral cortical activity associated with the
orientation of visual attention in the rhesus monkey. Vision Research, 25(3),471-481.

Goldberg, M. E., & Bushnell, M. C. (1981). Behavioral enhancement of visual responses
in monkey cerebral cortex. ll. Modulation in frontal eye fields specifically related to
saccades. J. Neurophysiol., 46,773-787.

Goldberg, M.E., & Colby, C.L. (1991a). The neurophysiology of spatial vision. In F. Boller,
& J. Grafman (Eds.),Handbook of neuropsychology (pp. 301-315). : Elsevier Science
Publishers.




Goldberg, M. E., Colby, C. L., & Duhamel, J-R. (1991b). The representation of visuomotor
space in the parietal lobe of the monkey. In Press,

Goldberg, M. E., & Robinson, D. L. (1977). Visual responses of neurons in monkey
inferior parietal lobule: The physiologic substrate of attention and neglect. Neurology,
27,350.

Goldberg, M. E., & Segraves, M. A. (1987). Visuospatial and motor attention in the
monkey. Neuropsychologia, 25,107-118.

Goldberg, M. E., & Wurtz, R. H. (1872). Activity of superior colliculus in behaving monkey:
Il. The effect of attention on neuronal responses. J. Neurophysiol., 35,560-574.

Goodlett, C. R., Donovick, P. J., & Burright, R. G. (1983). Attenuation of reversal deficits
of mice with septal lesions by shifts in the motivational context. Behavioral Neuroscience,
97,937-944.

Gordon, B., & Carson, K. (1990). The basis for choice reaction time slowing in
Alzheimer’s Disease. Brain and Cognition,

Grady, C. L., Grimes, A. M., Patronas, N., Sunderland, T., Foster, N. L., & Rapoport, S.
1. (1989). Divided attention, as measured by dichotic speech performance, in dementia
of the Alzheimer type. ARCHIVES.QF NEUROLOGY., 46,317-32C.

Gray, C. M., Konig, P., Engel, A. K., & Singer, W. (1989). Oscillatory responses in cat
visual cortex exhibit inter-columnar synchronization which reflects global stimulus
properties. Nature, 338,334-337.

Gregory, S. D., Heath, J. A., & Rosenberg, M. E. (1989). Does selective attention
influence the brain-stem auditory evoked potential?.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 73,557-560.

Grillon, C., Courchesne, E., Ameli, R., Geyer, M. A, & Braff, D. L. (1990). Increased
distractibility in schizophrenic patients. Electrophysiologic and behavioral evidence.
ARCHIVES.OF GENERAL.PSYCHIATRY, 47,171-179.

Grilly, D. M., Gowans, G. C., McCann, D. S., & Grogan, T. W. (1989). Effects of cocaine
and d-amphetamine on sustained and selective attention in rats.
PHARMACOLOQGY,.BI EMISTRY AND.BEHAVIOR., 33,733-739.

Grobstein, P. (1990a). Strategies for analyzing complex organization in the nervous
system: |. Lesion experiments. In E. L. Schwartz (Ed.),Computational Neuroscience (pp.
19-37). Cambridge, MA: The MIT Press.

Grobstein, P. (1990b). Strategies for analyzing complex organization in the nervous
system. |l. A case study: Directed movement and spatial representation in the frog. In E.




L. Schwartz (Ed.),Computational Neuroscience (pp. 242-255). Cambridge, MA: The MIT
Press.

Groner, R., & Groner, M. T. (1989). Attention and eye movement control: an overview.
EURQPEAN.ARCHIVES.QF.PSYCHIATRY AND.NEURQLOGICAL.SCIENCES., 239,9-16.

Gunderson, V. M., Grant-Webster, K. S., & Sackett, G. P. (1989). Deficits in visual
recognition in low birth weight infant pigtailed monkeys ( Macaca nemestrina ). Child
Development, 60,119-127.

Gunter, T. C., van der Zande, R. D., Wiethoff, M., Muider, G., & Mulder, L. J. (1987).
Visual selective attention during meaningful noise and after sleep deprivation.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,99-107.

Hari, R., Hamalainen, M., Kaukoranta, E., Makela, J., Joutsiniemi, S. L., & Tiihonen, J.
(1989). Selective listening modifies activity of the human auditory cortex.
EXPERIMENTAL.BRAIN RESEARCH., 74,463-470.

Harris, M., Murie, J., & Duncan, J. (1883). Responses of Columbian ground squirrels to
playback of recorded calls. Zeitschrift fur Tierpsychologie, 63,318-330.

Hawkins, H. L., Thomas, G. B., & Drury, K. B. (1970). Perceptual versus response bias
in discrete choice reaction time. Journal of Experimental Psychology, 84,514-517.

Hawkins, H. L., & Friedin, B. D. (1972). The relative frequency effects and S-R
compatibility. Psychonomic Science, 28,329-330.

Hawkins, H. L., & Hosking, K. (1969). Stimulus probability as a determinant of discrete
choice reaction time. Journal of Experimental Psychology, 82,435-440.

Heim, G. (1989). Attentional functions in listening and schizophrenia. A selective review.
EUROPEAN.ARCHIVES.QF . PSYCHIATRYAND.NEUROLOGICAL.SCIENCES.,239,62-69.

Heinze, H. J., Luck, S. J., Mangun, G. R., & Hillyard, S. A. (1990). Visual event-related
potentials index focused attention within bilateral stimulus arrays. |. Evidence for early

selection. ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.,
75,511-527.

Hick, W. E. (1952). On the rate of gain of information. Quarterly Journal of Experimental
MM) 5.)1 1 '26°

Hillyard, S.A., & Hansen, J.C. (1986). Attention: electrophysiological approaches. in M.
G. H. Coles, E. Donchin, & S. W. Porges (Eds.),Psychophysiology (pp. 227-243). New




York: The Guilford Press.

Hillyard, S. A., & Kutas, M. (1983). Electrophysiology of cognitive processing. Annyal
Review of Psychology, 34,33-61.

Hiillyard, S. A., & Mangun, G. R. (1987). Sensory gating as a physiological mechanism for
v i s ual s el ective attention

ELECTROENCEPHALOGRAPHY.AND.CLINICAL NEUROPHYSIOLOGY. PPLEMENT.
- 40,61-67.

Hillyard, S.A., Mangun, G.R., Luck, S.J., & Heinze, H-J. (1990). Electrophysiology of
visual attention. In E. R. John, T. Harmony, L. Prichep, M. Valdez, & P. Valdes
(Eds.),Machinery of mind : .

Hinrichs, J. V., & Krainz, P. L. (1970). Expectancy in choice reaction time: anticipation of
stimulus or response. Journal of Experimental Psychology, 85,330-334.

Hirst, W. (1986). The psychology of attention. In J. E. LeDoux, & W. Hirst (Eds.),Mind
and Brain (pp. 105-141). : .

Hirst, W., & Kaimar, D. (1987). Characterizing attentional resources. Journai of
Experimental Psychology: General, 116(1),68-81.

Hocherman, S., itzhaki, A., & Gilat, E. (1981). The response of single units in the auditory
cortex of rhesus monkeys to predicted and to unpredicted sound stimuli. Brain Research,
230,65-86.

Holcomb, P. J. (1987). Automatic and attentional priming in a letter classification task.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
23 ﬂ’399'405-

Hommel, M., Peres, B., Pollak, P., Memin, B., Besson, G., Gaio, J. M., & Perret, J. (1990).
Effects of passive tactie and auditory stimuli on left visual neglect.

ARCHIVES.QF NEUROLOGY., 47,573-576.

Hoy, R. R. (1989). Startle, categorical response, and attention in acoustic behavior of
insects. Ann. Rev. Neurgsci., 12,355-375.

Huh, K., Meador, K. J.,, Loring, D. W., Lee, G. P., & Brooks, B. S. (1989). Attentional
mechanisms during the intracarotid amobarbital test. NEUROLOGY., 39,1183-1186.

Humayun, M. S., Presty, S. K,, Lafrance, N. D., Holcomb, H. H., Loats, H., Long, D. M.,
Wagner, H. N., & Gordon, B. (1989). Local cerebral glucose adbnormalities in mild closed
head injured patients with cognitive impairments. Nuciear medicin mmuynigations,
10,335-344.




Hutchings, D. E. 11982). Methadone and heroin during pregnancy: A review of behavioral

effects in human and animai offspring. Neurobehavioral Toxicology and Teratology,
4,429-434,

Hyman, R. (1953). Stimulus information as a determinant of reaction time. Journal of
Experimental Psychology, 45,188-196.

Inamori, Y., & Inamori, R. (1989). Visual identification rate in search of a missing stimulus.
PERCEPTUAL.AND.MQOTOR.SKILLS., 69,67-73.

Ishiai, S., Furukawa, T., & Tsukagoshi, H. (1989). Visuospatial processes of line bisection
and the mechanisms underlying unilateral spatial neglect. Brain, 112,1485-1502.

James, L., Govrdon, E., Kraiuhin, C., & Meares, R. (1989). Selective attention and auditory
event-related potentials in somatization disorder. COMPREHENSIVE.PSYCHIATRY,
30,84-89.

James, W. (1991). The principles of psychology. New York:Dover Publications, Inc..

Janer, K. W., & Pardo, J. V. (1991). Deficits in selective attention following biiateral
anterior cingulotomy. Journal of Cognitive Neurgscienge, 3,231-241.

Javitt, D. C. (1987). Negative schizophrenic symptomatology and the PCP (phencyclidine)
model of schizophrenia. Hillsid. Journal of Clinical Psychiatry, 9,12.

Javitt, D. C., & Zukin, S. R. (1991). Recent advances in the phencyclidine model of
schizophrenia. American Journal of Psychiatry, 148,10.

Jensen, A. R. (1991). Spearman’s g: links tetween psychometrics and biology. I1 Press,

Johnston, W. A., & Dark, V. J. (1986). Selective attention. Annual Review of Psychology,
37,43-75.

Jurado, J. L., Luna-Villegas, G., & Buela-Casal, G. (1989). Normal human subjects with
slow reaction times and larger time estimations after waking have diminished delta sleep.
ELECTROENCEPHALOGRAPHY AND.CLINICAL.NEUROPHYSIOLOGY., 73,124-128.

Kane, J., Honigfeld, G., Singer, J., & Meltzer, H. (1988). Clozapine for the
treatment-resistant schizophrenic. Arch. Gen Psychiatry, 45,789.

LIS}

Kane, J. M., Honigfeld, 4., Singer, J., & Meitzer, H. (1989). Clozapine for the
treatment-resistant schizophrenic: results of a US multicenter trial. Psychopharmacology,
99,560-563.

Kathmann, N. & Engel, R. R. (1990). Sensory gating in normals and schizophrenics: a




failure to find strong P50 suppression in normals. BIOLOGICAL.PSYCHIATRY,
27,1216-1226.

Kenny, P. A., & Turkewitz, G. (1986). Effects of unusually early visual stimulation on the
development of homing behavior in the rat pup. Developmental Psychobiology, 19,57-66.

Knight, R. T., Hillyard, S. A., Woods, D. L., & Neville, H. J. (1881). The effects of frontal
cortex lesions on event-related potentials during auditory selective attention.
Electroencephalography and Clinical Neurophysiology, 52,571-582.

Kobobun, K., & et-al, (1983). Behavioral effects of (4-norleucine, 7-D-phenylalanine)-a-
melanocyte-stimulating hormone. Peptides, 4,721-724.

Koelega, H. S. (1989). Benzodiazepines and vigilance performance: a review.
PSYCHOPHARMACOLOQGY., 98,145-156.

Krinchik, E. (1974). Probability effects in choice reaction time tasks. Perception &
Psychophysics, 15,131-144.

Kutas, M. (1987). Overview of language and hemispheric specialization.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL. NEUROPHYSIOLOGY.SUPPLEMENT
., 40,375-378.

LaBerge, D., & Tweedy, J. R. (1964). Presentation probability and choice time. Journal
of Experimental Psychology, 68,477-481.

LaBerge, D., & Buchsbaum, M. S. (1990a). Positron emission tomographic measurements
of puivinar activity during an attention task. The Journal of Neuroscience, 10(2),613-619.

LaBerge, D., & Buchsbaum, M. S. (1990b). Positron emission tomographic measurements
of pulvinar activity during an attention task. JOURNAL.OF NEUROSCIENCE ., 10,613-619.

LaBerge, D. (1991). Thalamic and cortical mechanisms of attention suggested by recent
positron emission tomographic experiments. Journal of Cognitive Neuroscienge,
2,358-372.

LaBerge, D. L. (1990). Attention. Psychological Science, 1(3),156-162.

Lamb, M. R (1991). Attention in humans and animals: is there a capacity limitation at the
time of coding?. Journal of Experimental Psychology, 17(1),1-10.

Lamb, M. R. (1991). Attention in humans and animals: is there a capacity limitation at the
time of encoding?. Journal of Experimental Psychology, 17,




Laming, P., Borchers, H., & Ewert, J. (1984). Visual unit, EEG and sustained potential shift
responses in the brains of toads ( Bufo bufo ) during alert and defensive behavior.
Physiol nd Behavior, 32,463-468.

Landauer, T. K. (1964). Recency and recall time. Psychonomic Science, 1,365-366.

Lea, S. E., & Dow, S. M. (1984). The integration of reinforcements over time. New York
Academy of Sciences Conference on Timing and Time Perception: Timing in animal

learning and behavior (1983, New York, NY). Annals of the New York Academy of
Sciences, 423,269-277.

Levy, F., & Hobbes, G. (1988). The action of stimulant medication in attention deficit
disorder with hyperactivity: dopaminergic, noradrenergic, or both?.
JOURNAL.QF. THE.AMERICAN.ACADEMY.QF .CHILD.AND. ADOLESCENT PSYCHIATRY,
27,802-805.

Li, C. Y., Tanaka, M., & Creutzfeldt, O. D. (1983). Attention and eye movement related
activation of neurons in the dorsal prelunate gyrus (area DP). BRAIN RESEARCH.,
496,307-313.

Lin, C-S., Nicolelis, M. A. L., Schneider, J. S., & Chapin, J. K. (1990). A major direct
GABAergic pathway from zona incerta to neocortex. Science, 248,1553-1556.

Lindsley, D.B. (1982). Neurai mechanisms of arousal, attention, and information
processing. In J. Orbach (Ed.),Neuropsychology after Lashley (pp. 315-407). NJ:
Lawrence Erlbaum.

Looren de Jong, H., Kok, A., & Van Rooy, J. C. (1987). Electrophysiological indices of
visual selection and memory search in young and old adults.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
., 40,341-349.

Lou, H. C., Henriksen, L., Bruhn, P., Brner, H., & Nielsen, J. B. (1989). Striatal dysfunction
in attention deficit and hyperkinetic disorder. ARCHIVES.OF NEUROLOGY., 46,48-52.

Lubow, R.E. (1989). Latent inhibition and conditioned attention theory. New
York:Cambridge University Press.

Luck, S. J., Hillyard, S. A.,, Mangun, G. R., & Gazzaniga, M. S. (1989). Independent
hemispheric attentional systems mediate visual search in split-brain patients. Nature,
342,543-545.

Luck, S. J., Heinze, H. J., Mangun, G. R., & Hillyard, S. A. (1990). Visual event-related
potentials index focused attention within bilateral stimulus arrays. Il. Functional
dissociation of P1 and N1 components.




ELECTROENCEPHALOGRAPHY.AND.CLINICAL NEUROPHYSIOLOGY., 75,528-542.

Lukaszewska, 1., & Niewiadomska, G. (1992). Brightness discrimination learning in
spontaneously hypertensive (SHR) and wistar normotensive rats. A: analysis of
performance. Behavioral and Neural Biology,

Lyytinen, H., & Naatanen, R. (1987). Autonomic and ERP responses to deviant stimuli:
a n al vy s i s o f c o v ariation .
ELECTROENCEPHALOGRAPHY.AND.CLINICAL NEUROQPHYSIOLOGY.SUPPLEMENT
- 40,108-117,

MacRae, P. G., Spirduso, W. W., & Wilcox, R. E. (1988). Reaction time and nigrostriatal
dopamine function: the effects of age and practice. Brain Research, 451,139-146.

Madden, D. J. (1990). Adult age differences in the time course of visual attention.
JOURNAL.OF GERONTOLOGY., 45,P9-16.

Mangun, G. R., Hansen, J. C., & Hillyard, S. A. (1987). The spatial orienting of attention:
sensory facilitation or response bias?.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
., 40,118-124.

Mangun, G. R., & Hillyard, S. A. (1988). Spatial gradients of visual attention: behavioral
and electrophysiological evidence.
ELECTROENCEPHALQGRAPHY.AND.CLINICAL . NEUROPHYSIOLOGY., 70,417-428.

Mangun, G.R., & Hillyard, S.A. (1990a). Electrophysiological studies of visual selective
attention in humans. In A. Scheibel, & A. Wechsler (Eds.),The neurobiological
foundations of higher cognitive function New York: Guilford Press.

Mangun, G. R., & Hillyard, S. A. (1990b). Allocation of visual attention to spatial locations:
tradeoff functions for event-related brain potentials and detection performance. Perception
and Psychophysics, 47(6),532-550.

Mark, V. W., Kooistra, C. A., & Heilman, K. M. (1988). Hemispatial neglect affected by
non-neglected stimuli [see comments). NEUROLOGY., 38,1207-1211.

Martinez-Gomez, M., Pacheco, P., & Arechiga, H. (1989). Behavioral and
electrophysiological effects of crustacean neurohormone on freely moving cats.

Physiology and Behavior, 46,983-992.

Mason, S. T., & Fibiger, H. C. (1978). Evidence for a role of brain noradrenaline in
attention and stimulus sampling. Brain Research, 159,421-426.

Massioui, F. E., Lesevre, N., & Fournier, L. {(1987). Comparative event-related potential
(ERP) studies of attention impairment in workers exposed to organic solvents, in chronic




alcoholics and in a group of depressed inpatients.
E TR HALOGRAPHY.AND.CLINICAL.NEUROPHYSI Y.SUPPLEMENT
-, 4Q,675-680.

Mayer, G., Nemeth, G., & Hoyer, S. (1988). Psychometrie aitersabhangiger
Aufmerksamkeitsveranderungen: Darstellung an einer Ratte. / Psychometric test focusing
on alterations of attention in old age demonstrated on rats. Zeitschrift fur Gerontologie,
21,87-92.

Mazzucchi, A., Cattelani, R., & Umilta, C. (1991). Hemispheric prevalance in the acoustical

attention. Brain and Cognition,

McCord, D. M. (1989). Do redundant visual and auditory target variables facilitate control
behavior?. PERCEPTUAL.AND.MOTOR.SKILLS., £9,275-282.

Meador, K. J., Loring, D. W, Lee, G. P., Brooks, B. S., Thompson, E. E., Thompson, W.
0., & Heilman, K. M. (1988). Right cerebral specialization for tactile attention as evidenced
by intracarotid sodium amytal. NEUROLOGY., 38,1763-1766.

Meck, W. H. (1984). Attentional bias between modalities: effect on the internal clock,
memory, and decision stages used in animal time discrimination. Annals of the New York
Academy of Sciences, 423,528-541.

Meck, W. H. (1987). Vasopressin metabolite neuropeptide facilitates simultaneous
temporal processing. Behavioural Brain Research, 23,147-157.

Meck, W. H. (1991). Modality-specific circadian rhythmicities influence mechanisms of
attention and memory for interval timing. Learning and Mativation, 22,153-179.

Meltzer, H. Y., Sommers, A. A., & Luchins, D. J. (1986). The effect of neuroleptics and
other psychotropic drugs on negative symptoms in schizophrenia. Journal of Clinical

Psychopharmacology, §,329-338.

Meltzer, H. Y., Bastani, B., Kwon, K. Y., Ramirez, L. F., Burnett, S., & Sharpe, J. (1989).
A prospective study of clozapine in treatment-resistant schizophrenic patients.

Psychopharmacology, 99,568-572.

Meltzer, H. Y., Burnett, S., Bastani, B., & Ramirez, L. F. (1990). Effects of six months of
clozapine treatment on the quality of life of chronic schizophrenic patients. Hospital and

Community Psychiatry, 41,892.

Mercugliano, M., Hyman, S. L., & Batshaw, M. L. (1990). Behavioral deficits in rats with
minimal cortical hypoplasia induced by methylazoxymethanol acetate. PEDIATRICS.,
85,432-436.

Merkel, J. (1885). Die zeitlichen Verhaltnisse der Willensthatigkeit. Philgsophische




m&m’ 2173'1 27.

Miller, J. O., & Pachella, R. G. (1973). Locus of the stimulus probability effect. Journal of
Experimental Psychology, 101,227-231.

Miller, J. O., & Pachella, R. G. (1976). Encoding processes in memory scanning tasks.

Memaory and Cognition, 4,501-506.

Miller, L. H., & Turnbull, B. A. (1986). The effect of MSH/ACTH 4-10 on delayed response
performance and post-test locomotor activity in rats. Peptides, 7,207-205.

Miltner, W., Johnson, R. , Jr., Braun, C., & Larbig, W. (1989). Somatosensory
event-related potentials to painful and non- painful stimuli: effects of attention. PAIN,
38,303-312.

Minor, T. R., Jackson, R. L., & Maier, S. F. (1984). Effects of task-irrelevant cues and
reinforcement delay on choice-escape learning following inescapable shock: Evidence for

a deficit in selective attention. Journal of Experimental Psychology Animal Behavior
Processes, 10,543-556.

Miron, D., Duncan, G. H., & Bushnell, M. C. (1989). Effects of attention on the intensity
and unpleasantness of thermal pain. PAIN, 39,345-352,

Mirsky, A. F. (1988). Research on schizophrenia in the NIMH Iaboratory of psychology
and psychopathology, 1954-1987. Schizophrenia Bulletin, 14(2),151-156.

Mirsky, A.F. (1989). The neuropsychology of attention: elements of a complex behavior.
In E. Perecman (Ed.),/ntegrating theory and practice in clinical neuropsychology (pp.
75-91). New Jersey: Lawrence Erlbaum Publishers.

Mirsky, A. F., Anthony, B. J., Duncan, C. C., Ahearn, M. B., & Kellam, S. G. (1991).
Analysis of the elements of attention: A neuropsychological approach. Neuropsychology
Review, 2,109-145.

Mittleman, G., Whishaw, I. Q., & Robbins, T. W. (1988). Cortical lateralization of function
in rats in a visual rea-tion time task. Behavioral Brain Research, 31,29-36.

Mohs, R. C. (1988). Memory impairment in amnesia and dementia: Implications for the
use of animal models. Special Issue: Experimental models of age- related memory
dysfunction and neurodegeneration. Neurgbiol f Aging, 9,465-468.

Monti, P., Bramanti, P., Coraci, M., Morgante, L., & et-al, (1989). Quantitative EEG and
neuropsychological effects of L-DOPA long- term administration to patients with

Parkinson's disease. Medical Science Research, 17,757-759.

Moran, G. (1987). Applied dimensions of comparative psychology. Special Issue:




Comparative psychology: Past, present, and future. Journal of Comparative Psychology,
101,277-281.

Moran, J., & Desimone, R. (1985). Selective attention gates visual processing in the
extrastriate cortex. Science, 229,782-784.

Mountcastle, V. B., Andersen, R. A., & Motter, B. C. (1981). The influence of attentive
fixation upon the excitability of the light-sensitive neurons of the posterior parietal cortex.
The Journal of Neuroscience, 1(11),1218-1235.

Naatanen, R., Paavilainen, P., Alho, K., Reinikainen, K., & Sams, M. (1987). The mismatch
negativity to intensity changes in an auditory stimulus sequence.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIQLOGY.SUPPLEMENT
» 40,125-131.

Naatanen, R. (1990). The role of attention in auditory information processing as revealed
by event-related potentials and other brain measures of cognitive function. Behavioral and

Brain Sciences, 13,201-288.

Nagamoto, H. T., Adler, L. E., Waldo, M. C., & Freedman, R. (1889). Sensory gating in
schizophrenics and normal controls: effects of changing stimulation interval.

BIOLOGICAL.PSYCHIATRY, 25,549-561.

Nagel-Leiby, S., Buchtel, H. A., & Welch, K. M. (1990). Cerebral control of directed visual
attention and orienting saccades. Brain, 113,237-276.

Newman, J. P., Gorenstein, E. E., & Kelsey, J. E. (1983). Failure to delay gratification
following septal lesions in rats: Implications for an animal model of disinhibitory

psychopathology. Personality and individual Differences, 4,147-156.

Niemi, P., & Naatanen, R. (1981). Foreperiod and simple reaction time. Psychological
Bulletin, 12,63-75.

Norman, D. A. (1968). Toward a theory of memory and attention. Psychological Review,
75(6),522-536.

Oatman, L. C. (1982). Spectral analysis of cortical EEG activity during visual attention.
Physiologicai Psychology, 10,336-342.

Oken, B. S., & Chiappa, K. H. (1988). Short-term variability in EEG frequency analysis.
ELECTROENCEPHALOQGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 69,191-198.

Okita, T. (1989). Within-channel selection and event-related potentials during selective
auditory attention. Psychophysiology, 26,127-139.

Oro, T., Nakamura, K., Nishijo, H., & Fukuda, M. (1986). Hypothalamic neuron



involvement in integration of reward, aversion, and cue signals. Journal of

Neurophysiology, 56,63-79.

Pachella, R. G., & Miller, J. O. (1976). Stimulus probability and same-different
classification. Perception & Psychophysics, 19,29-34.

Panksepp, J., & Cox, J. F. (1986). An overdue burial for the serotonin theory of anxiety.

Behavioral and Brain Sciences, 9,340-341.

Pardo, J. V., Pardo, P. J., Janer, K. W., & Raichle, M. E. (1990). The anterior cingulate
cortex mediates processing selection in the Stroop attentional confiict paradigm.
PROCEEDINGS.OF THE.NATIONAL.ACADEMY.QF SCIENCES.OF.THE.UNITED.STAT
ES.OF

AMERICA., 87,256-259.

Pashler, H. (1988). Dissociations and dependencies between speed and accuracy:
evidence for a two-component theory of divided attention in simple tasks. Cognitive

Psychology, 21,469-514.

Pashier, H. (1992). Attentional limitations in doing two tasks at the same time. Current
Directions in_Psychological Science, 1,44-48.

Petersen, S. E., Robinson, D. L., & Morris, J. D. (1987). Contributions of the pulvinar to
visua! spatial attention. Neuropsychologia, 25,97-105.

Petersen, S. E., Fox, P. T, Posner, M. |., Mintun, M., & Raichle, M. E. {1988). Positron
emission tomographic studies of the cortical anatomy of single-word processing. Nature,

331(6157),585-589.

Petersen, S. E., Fox, P. T., Posner, M. J., Mintun, M., & Raichle, M. E. (1990a). Positron
emission tomographic studies of the processing of single words. Journal of Cognitive
ﬂ_QULQ_S_ClQDQQ; -1-(2)’153'170

Petersen, S. E., Fox, P. T., Snyder, A. Z, & Raichle, M. E. (1990b). Activation of
extrastriate and frontal cortical areas by visual words and word-like stimuli. Science,

Pew, RW. (1969). The speed-accuracy operating characteristic. In W. G. Koster
(Ed.) Attention and performance /I Amesterdam: North Holland.

Piazza, P. V., Ferdico, M., Russo, D., Crescimanno, G., Benigno, A., & Amato, G. (1988).
Facilitatory effect of ventral tegmental area A10 region on the attack behaviour in the cat:
possible dopaminergic role in selective attention. EXPERIMENTAL.BRAIN RESEARCH.,
72,108-116.

Piazza, P. V., Ferdico, M., Russo, D., Crescimanno, G., & et-al, (1989a). The influence of
dopaminergic A10 neurons on the motor pattern evoked by substantia nigra (pars




compacta) stimulation. Behavioural Brain Research, 31,273-278.

Piazza, P. V., Ferdico, M., Russo, D., Crescimanno, G., & et-al, (1989b). Circling behavior:
Ethological analysis and functional considerations. havioural Brain R
31,267'271.

Pollack, G. S. (1988). Selective attention in an insect auditory neuron.
JOURNAL.OF NEUROQSCIENCE., 8,2635-2639.

Ponds, R. W., Brouwer, W. H., & van Wolffelaar, P. C. (1988). Age differences in divided
attention in a simulated driving task. JOURNAL.QF. GERONTOLOGY., 43,P151-P156.

Pons, L., Trenque, T., Bielecki, M., Moulin, M., & Potier, J. C. (1988). Attentional effects
of caffeine in man: comparison with drugs acting upon performance. PSYCHIATRY
RESEARCH., 23,32 1333.

Posner, M. |. (1982). Cumuiative development of attentional theory. American
Psycholoqist, 37(2),168-173.

Posner, M. |, Walker, J. A., Frances, J. F., & Rafal, R. D. (1984). Effects of parietal injury
on covert orienting of attention. Journal of Neurgscience, 4(7),1863-1874.

Posner, M.l. (1986). Chronometric explorations of mind. New York:Oxford University
Press.

Posner, M. |, Petersen, S. E., Fox, P. T., & Raichle, M. E. (1988a). Localization of
cognitive operations in the human brain. Science, 240,1627-1631.

Posner, M. |., Early, T. S., Reiman, E., Pardo, P. J., & Dhawan, M. (1988b). Asymmetries
in hemispheric control of attention in schizophrenia.
ARCHIVES.OF. GENERAL.P: "~HIATRY, 45,814-821.

Posner, M. 1., Snyder, C. R. R., & Davidson, B. J. (1990). Attention and the detection of
signals. Journal of Experimental Psychology: General, 109,160-174.

Posner, M. . (1992). Attention as a cognitive and neural system. Psychological Science,
1,11-18.

Posner, M. J., Nissen, M. J., & Klein, R. M. (1976). Visual dominance: An
information-processing account of its origins and significance. Psychological Review,
83,157-171.

Posner, M. L., Walker, J. A., Friedrich, F. J., & Rafal, R. D. (1984). Effects of parietal lobe
injury on covert orienting of visual attention. J. Neurgsci., 4,1863-1874.

Pragay, E. B., Mirsky, A. F., & Nakamura, R. K. (1987). Attention-relatad unit activity in the



frontal association cortex during a go/no-go visual discrimination task. Experimental
Mﬂmg!» %’481'5m'

Prasher, D., Smith, A., & Findley, L. (1990). Sensory and cognitive event-related potentials

i n myalgic encephalomyelitis
JOURNAL.QF NEURQLOGY,.NEUROSURGERY.AND.PSYCHIATRY, 53,247-253.

Preston, G. C., Broks, P., Traub, M., Ward, C., Poppleton, P., & Stahi, S. M. (1988).
Effects of lorazepam on memory, attention and sedation in man.
PSYCHOPHARMACOLQGY., 95,208-215.

Pucilowski, O., & Kostowski, W. (1983). Aggressive behaviour and the central
serotonergic systems. Behavioural Brain Research, 9,33-48.

Puel, J-L., Bonfils, P., & Pujol, R. (1988). Selective attention modifies the active
micromechanical properties of the cochlea. Brain Research, 447,380-383.

Puel, J. L., Bonfils, P., & Pujol, R. (1988). Selective attention modifies the active
micromechanical properties of the cochlea. BRAIN RESEARCH., 447,380-383.

Quay, H. C. (1988). Theories of ADDH [letter] [published erratum appears in J Am Acad
Child Adolesc Psychiatry 1988 Jul;27(4):516].

JOURNAL.OF. THE.AMERICAN.ACADEMY.OF.CHILD.AND.ADOLESCENT.PSYCHIATRY,
27,262-263.

Rafal, R. D., Posner, M. |, Friedman, J. H., Inhoff, A. W., & Bernstein, E. (1988). Orienting
of visual attention in progressive supranuclear palsy. Brain, 111,267-280.

Rapcsak, S. Z., Verfaellie, M., Fleet, W. S., & Heilman, K. M. (1989). Selective attention
in hemispatial neglect. ARCHIVES.QF. NEUROQLOGY ., 46,178-182.

Rapport, M. D., Stoner, G., DuPaul, G. J., Kelly, K. L., Tucker, S. B., & Schoeler, T.
(1988). Attention deficit disorder and methylphenidate: a multilevel analysis of
dose-response effects on children’s impulsivity across settings.
JOURNAL.OF THE.AMERICAN.ACADEMY.OF.CHILD . AND.ADOLESCENT.PSYCHIATRY,
27,60-69.

Ray, C. L. R., Mirsky, A. F., & Pragay, E. V. (1982). Functional analysis of attention-related
unit activity in the reticular formation of the monkey. Experimental Neuro.ogy, 77,544-562.
Reid, P. J. (1991). Detection of cryptic prey: search image or search rate?. In Press,

Riccio, D. C., Richardson, R., & Ebner, D. L. (1984). Memory retrieval deficits based upon
altered contextual cues: A paradox. Psychological Bulletin, 96,152-165.




Riekkinen, Jr. , P., Sirvio, J., Hannila, T., Miettinen, R., & Riekkinen, P. (1990). Effects of
quisqualic acid nucleus basalis lesioning on cortical EEG, passive avoidance and water
maze performance. Brain Research Bulletin, 24,839-842.

Rizzo, M., & Robin, D. A. (1890). Simultanagnosia: a defect of sustained attention yields
insights on visual information processing. NEUROLOGY., 40),447-455.

Robbins, T. W., Everitt, B. J., Marston, H. M., Wilkinson, J., Jones, G. H., & Page, K. J.
(1989). Comparative effects of ibotenic acid and quisqualic acid-induced lesions of the
substantia innominata on attentional function in the rat: further implications for the role of
the cholinergic neurons of the nucleus basalis in cognitive processes. Behavigural Brain
Research, 35,221-240.

Robertson, L. C., Lamb, M. R., & Knight, R. T. (1988). Effects of lesions of
temporal-parietal junction on perceptual and attentional processing in humans.

JOURNAL.QF NEUROSCIENCE., 8,3757-3768.

Robinson, D. L., & Rugg, M. D. (1988). Latencies of visually responsive neurons in various
regions of the rhesus monkey brain and their relation to human visual responses. Special
Issue: Event related potential investigations of cognition. Biological Psychology,
26,111-116.

Rose, S. R., & Orlowski, J. (1983). Review of research on endorphins and learning.

Journal of Developmental and Behaviorai Pediatrics, 4,131-135.

Rosellini, R. A., & Widman, D. R. (1988). Prior exposure to stress reduces the diversity
of exploratory behavior of novel objects in the rat ( Rattus norvegicus ). Journal of

Comparative Psychology, 103,339-346.

Ross, D. F.,, & Pihl, R. O. (1988). Alcohol, self-focus and complex reaction-time
performance. JQURNAL.QF STUDIES.ON.ALCOHOL ., 49,115-125.

Rudy, J. W., & Castro, C. A. (1987). A developmental analysis of brightness discrimination
learning in the rat: Evidence for an attentional deficit. Psychobiology, 15,79-86.

Rugg, M. D., Cowan, C. P, Nagy, M. E., Milner, A. D., Jacobson, L., & Brooks, D. N.
(1988). Event related potentials from closed head injury patients in an auditory "oddball?
task: evidence of dysfunction in stimulus categorisation.

JOURNAL.OF.NEUROLOGY,.NEUROSURGERY.AND.PSYCHIATRY, 51,691-698.

Sagvolden, T., & Archer, T. (1991a). Attention deficit disorder. New Jersey:Lawrence
Erlbaum Associates.

Sagvolden, T., & Archer, T. (1991b). Attention deficit disorder clinical and basic research.




Sahakian, B., Jones, G., Levy, R., Gray, J., & Warburton, D. (1988). The effects of nicotine
on attention, information processing, and short-term memory in patients with dementia
of the Alzheimer type. BRITISH. RNAL.QF.PSYCHIATRY, 154,797-800.

Saiers, J. A., & Campbell, B. A. (1990). Disruption of noradrenergic, but not serotonergic
or opiate, functioning blocks both cardiac and behavioral components of the orienting

response in preweaniing rats. Behavioral and Neural Biglogy, In Press,

Sanders, A. F. (1970). Some variables affecting the relation between relative stimulus
frequency and choice reaction time. Acta Psychologica, 33,45-55.

Sarter, M., Hagan, J., & Dudchenko, P. (1992). Behavioral screening for cognition
enhancers: from indiscriminate to valid testing: Part I. Psychopharmacology, 148-149.

Sato, T. (1988). Effects of attention and stimulus interaction on visual responses of inferior
temporal neurons in macaque. JOURNAL. OF NEUROPHYSIOLOGY., 6§0,344-364.

Schallert, T., Petrie, B. F., & Whishaw, |. Q. (1989). Neonatal dopamine depletion: Spared
and unspared sensorimotor and attentionat disorders and effects of further depletion in
aduithood. Psychobiology, 17,386-396.

Schwartz, B. D., & Winstead, D. K. (1988). Visible persistence in paranoid schizophrenics.
BIOLOGICAL.PSYCHIATRY, 23,3-12.

Schwartz, B. D, Mallott, D. B., & Winstead, D. K. (1988). Preattentive deficit in temporal
processing by chronic schizophrenics. BIOLOGICAL.PSYCHIATRY, 23,664-669.

Schwartz, F., Carr, A. C., Munich, R. L., Glauber, S., Lesser, B., & Murray, J. (1989).
Reaction time impairment in schizophrenia and affective iliness: the role of attention. Biol.

Psychiatry, 25,540-548.

Selden, N. R., Robbins, T. W., & Everitt, B. J. (1990). Enhanced behavioral conditioning
to context and impaired behavioral and neuroendocrine responses to conditioned stimuli
following ceruleocortical noradrenergic lesions: support for an attentional hypothesis of
central noradrenergic function. JOURNAL.OF. NEURQSCIENCE., 10,531-539.

Servan-Schreiber, D., Printz, H., & Cohen, J. D. (1990). A network model of
catecholamine effects: gain, signal-to-noise ratio, and behavior. Science, 249,892-894.

Shangraw, R. E., Seminer, S. J., & Zarr, M. L. (1985). Attention deficit disorder,
amphetamine, and pregnancy. Biological Psychiatry, 20,926-927.

Shapiro, K. L., Egerman, B., & Klein, R. M. (1984). Effects of arousal on human visual
dominance. Perception and Psychophysics, 35,547-552.

Shekim, W. O. (1988). Pathophysiology of ADDH [letter].




JOURNAL OF THE. AMERICAN.ACADEMY.QF CHILD.AND.ADQLESCENT.PSYCHIATRY,
2_7_5389'3%.

Shiffrin, R.M. (1975). The locus and role of attention in memory systems. in P. M. A.
Rabbitt, & S. Dornic (Eds.)Attention and Performance V (pp. 168-193). New York:
Academic Press.

Singer, W. (1986). The brain as a self-organizing system. European Archives of Psychiatry
nd Neurological Sciences, 236,4-9.

Singer, W. (1890). Search for coherence: a basic principle of cortical self-organization.

Concepts in neuroscience, 1(1),1-26.

Sinnott, J. M. (1987). Modes of perceiving and processing information in birdsong (
Agelaius phoeniceus, Molothrus ater, and Homo sapiens ). Journal of Comparative
Psychology, 101,355-366.

Siviy, S. M., Atrens, D. M., & Menendez, J. A. (1990). Idazoxan increases
rough-and-tumble play, activity and exploration in juvenile rats. Psychopharmacology,
100,119-123.

Smiley, A. (1987). Effects of minor tranquilizers and antidepressants on psychomotor
performance. JOURNAL.QF.CLINICAL.PSYCHIATRY, 48 Suppl,22-28.

Smith, E. E. (1968). Choice reaction time: an analysis of the major theoretical positions.
Psychological Bulletin, 63,77-110.

Solanto, M. V. (1984). Neuropharmacological basis of stimulant drug action in attention
deficit disorder with hyperactivity: A review and synthesis. Psychological Bulletin,
95,387-409.

Solomon, P. R.,, & Staton, D. M. (1982). Differential effects of microinjections of
d-amphetamine into the nucleus accumbens or the caudate putamen on the rat's ability
to ignore an irrelevant stimulus. Biological Psychiatry, 17,743-756.

Sparks, D.L., & Mays, L.E. (1982). Role of the monkey superior colliculus in the spatial
localization of saccade targets. In A. Hein, & M. Jeannerod (Eds.),Spatially oriented
behavior (pp. 63-85). New York: Springer-Verlag.

Spear, L. P, & Brake, S. C. (1983). Periadolescence: Age-dependent behavior and
psychopharmacological responsivity in rats. Developmental Psychobiology, 16,83-1089.

Spector, A., & Lyons, R. D. (1976). The locus of stimulus probability effect in choice
reaction time. Bulletin of the Psychonomic society, 7,519-521.

Spitzer, H., Desimone, R., & Moran, J. (1988). Increased attention enhances both




behavioral and neuronal performance. Science, 240,338-340.

Spruit, B. M. (1991). Progressive decline in social attention in aging rats: an
information-statistical method. In Press,

Starkstein, S. E., Esteguy, M., Berthier, M. L., Garcia, H., & Leiguarda, R. (1989). Evoked
potentials, reaction time and cognitive performance in on and off phases of Parkinson’s

disease JOURNAL.QF. NEUROLOGY. NEUROSURGERY.AND.PSYCHIATRY 52.338-340.

Steel, E., & Keverne, E. (1985). Effect of female odour on male hamsters mediated by the
vomeronasal organ. Physiology and Behavior, 35,195-200.

Steinbach, T., von Dreden, G., & Poppel, E. (1991). Long-term training in a choice
reaction time task reveals different learning characteristics for the visual and auditory
system. Naturwissenschaften, 78,185-187.

Steketee, J. D., Siverman, P. B., & Swann, A. C. (1889). Forebrain norepinephrine
involvement in selective attention and neophobia. Physiology and Behavior, 46,577-583.

Stephens, D. N., & Sarter, M. (1991). Biodirectional nature of benzodiazepine receptor
ligands extends to effects on vigilance. n Press,

Stewart, D. J., Macfabe, D. F., & Vanderwolf, C. H. (1984). Cholinergic activation of the
electrocorticogram: role of the substantia innominata and effects of atropine and
quinuclindinyl benzilate. Brain Research, 322,219-232.

Strandburg, R. J., Marsh, J. T., Brown, W. S, Asarnow, R. F., Guthrie, D., & Higa, J.
(1990). Event-related potential correlates of impaired attention in schizophrenic children.
BIOLOGICAL.PSYCHIATRY, 27,1103-1115.

Strupp, B. J., Bunsey, M., Levitsky, D., & Kesler, M. (1991). Time dependent effects of
posttriai  amphetamine treatment in rats: evidence for enhancec storage of
representational memory. (UnPub)

Theios, J. (1973). Reaction time measurements in the study of memory processes:
theory and data. In G. H. Bower (Ed.),Psychology of learning and motivation: advances
in research and theory Vol. 7 (pp. 43-85). New York: Academic Press.

Theios, J. (1975). The components of response latency in simple human information
processing tasks. In P. M. A. Rabbitt, & S. Dornic (Eds.),Attention and performance V
(pp. 418-440). London: Academic Press.

Thompson, R., Harmon, D., & Yu, J. (1985). Deficits in response inhibition and attention
in rats rendered mentally retarded by early subcortical brain damage. Developmental




Psychobiology, 18,483-499.

Towey, J., Bruder, G., Hollander, E., Friedman, D., Erhan, H., Liebowitz, M., & Sutton, S.
(1990). Endogenous event-related potentials in obsessive-compulsive disorder.
BIQLOQGICAL PSYCHIATRY, 28,92-98.

Traub, B., & Elepfandt, A. (19¢™M. Sensory neglect in a frog: evidence for early evolution
of attentional processes ir. vertebrates. Brain Research, 550,105-107.

Trommer, B. L., Hoeppner, J. A., Lorber, R., & Armstrong, K. J. (1988). The go-no-go
naradigm in attention deficit disorder. ANNALS.OF NEURQLOGY., 24,610-614.

Ulrich, G. (1990). Ocuiomotor activity and the alpha rhythm.
PERCEPTUAL AND.MOTOR.SKILLS., 70,10939-1104.

Van Essen, D. C., & Maunsell, J. H. R. (1983). Hierarchical organization and functional
streams in the visual cortex. Trends in Neuroscience,

van Gelder, P., Anderson, S., Herman, E., Lebedev, S., & Tsui, W. H. (1990). Saccades
in pursuit eye tracking reflect motor attention processes.
COMPREHENSIVE.PSYCHIATRY, 31,253-260.

Van-Ree, J. M., Hijman, R., Jolles, J., & de-Wied, D. (1985). Vasopressin and related
peptides: Animal and human studies. Eighth Annual Meeting of the Canadian College of
Neuropsychopharmacology: Perspectives in Canadian neuro- psychopharmacoiogy
(1985, London, Canada). Progress in Neuro Psychopharmacology and Biological
Psychiatry, 9,551-559.

Vogt, B. A. (1991). The role of layer | in cortical function. In Press,

Wade, D. T., Wood, V. A., & Hcwer, R. L. (1988). Recovery of cognitive function soon
after stroke: a study of visual neglect, attention span .. verbal recall
JOURNAL.OF.NEUROLOGY..NEUROSURGERY.AND.PSYCHIATRY, 51,10-13.

Wagner, M., Kurtz, G., & Engel, R. R. (1289). Normal P300 in acute schizophrenics during
a continuous performance test. BIOLOGICAL.PSYCHIATRY, 25,792-795.

Walk, R. D., Shepherd, J. D., & Milier, D. R. (1988). Attention and the depth perception
of kittens. Bulletin of the Psychonomic society, 26,248-251.

Wang, L. P., & Ross, J. (1990). Interactions of neur al networks: models for distraction aind

C 0 n o] e n t r a t t o] n .
R EEDINGS.OF "HE.NATIONAL.ACADEMY.OF SCIENCES.OF. THE.UNITED.STAT
ES.OF

AMERICA,, 87,7110-7114.




Weinberg, W. A., & Brumback, R. A. (1990). Primary disorder of vigilance: a novel
explanation of inattentiveness, daydreaming, boredom, restlessness, and sleepiness.

JOURNAL.QF PEDIATRICS., 116,720-725.

Weinberger, N. M., Ashe, J. H., Metherate, R, Diamond, D. M., McKenna, T. M., & Bakin,
J. (1990a). Retuning auditory cortex by learning: a model of receptive field piasticity.
Concepts in neyroscience, 1(1),91-132.

Weinberger, N. M., Ashe, J. H., Metherate, R., McKenna, T. M., Diamond, D. M., & Bakin,
J. (1990b). Retuning auditory cortex by learning: A preliminary model of receptive field

plasticity. Concepts in neurgscience, 1(1),91-132.

Weintraub, S., & Mesulam, M. M. (1988). Visual hemispatial inattention: stimuius
parameters and exploratory strategies.
JOURNAL.OF . NEURQLOGY, . NEUROSURGERY.AND.PSYCHIATRY, 51,1481-1488.

Whalen, R. E , & Simon, N. G. (1984). Biologicai motivation. Annyal Review of Psychology,
35,257-276.

Whishaw, I. Q., Tomie, J., & Kolb, B. (1991). Ventrolateral prefrontal cortex lesions in rats
impair the acquisition and retention of a tactile-oifactory configural task. In Press,

Wijers, A. A., Mulder, G., Mulder, L. J., Lorist, M. M., Poiesz, R. S., & Scheffers, M. K.
(1987). Endogencus components reflecting visual attention and controlled search to
c o] i o] u r e d S t i m u | i

ELECTROENCEPHALQOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT .
., 40,138-145.

Wilkins, A. J., Shallice, T., & McCarthy, Fi. (1987). Frontal lesions and sustained attention.
Neuropsychologia, 25(2),358-365.

Williams, A. R., Carey, R. J., & Miller, M. (1883a). Effect of vasopressin on open field and
activity behavior of the vasopressin-deficient (Brattleboro) rat. Peptides, 4,717-720.

Williams, A. R., Carey, R. J., & Miller, M. (1983b). Behavioral differences between
vasopressin-deficient (Brattleboro) and normal Long-Evans rats. Peptides, 4,711-716.

Wise, S. P, & Desimone, R. (1988). Behavioral neurophysiology: insights into seeing and
grasping. Science, 242,736-741.

Woldorff, M., Hansen, J. C., & Hillyard, S. A. (1987). Evidence for effects of selective
attention in the mid-latency range of the human auditory event-related potential.
ELECTROENCEPHAI.QGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY SUPPLEMENT
., 40,146-154.

Wolfe, J. M., Cave, K. R, & Franzel, S. L. {(1989). Guided search: an alternative to the




feature integration model for visual search. Journal of Experimental Psychology,
15(3),419-433.

Wolkowitz, O. M., Tinkienberg, J. R., & Weingartner, H. (1985). A psychopharmacological
perspective of cognitive functions: li. Specific pharmacologic agents. Neuropsychobiology,
14,133-156.

Woods, D. L., & Clayworth, C. C. (1987). Scalp topographies dissociate N1 and Nd
components during auditory selective attention.

T PHA RAPHY.AND.CLINICAL NEURQPHYSIOLOGY.SUPPLEMENT
. 40,155-160.

Woods, D. L., & Courchesne, E. (1987). Intersubject variability elucidates the cerebral
generators and psychological correlates of ERPs.
ELECTROENCEPHALOGRAPHY .AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
., 40,293-299.

Wrisberg, C. A., Franks, B. D., Birdwell, M. W., & High, D. M. (1988). Physiological and
psychological responses to exercise with an induced attentional focus.

PERCEPTUAL AND.MOTOR.SKILLS., 66,603-616.

Wunscher, T., Jordan, K., Gille, H. G., & Roth, N. (1890). A new approach to cerebral
asymmetry: RT differences in simultaneous bimanual finger movemen: during verbal and
nonverbal tasks. PERCEPTUAL AND.MOTOR.SKILLS., 70,543-548.

Wurtz, R. H. (1969). Visual receptive fields of striate cortex neurons in awake monkeys.

J. Neurophysiol., 32,727-742.

Wurtz, R.H., Goldberg, M.E., & Robinson, D.L. (1980). Behavioral modulation of visual
responses in the monkey: stimulus selection for attention and movement. in J. M.
Sprague, & A. N. Epstein (Eds.),Progress in psychobiology and physiological psychology
(pp. 43-83). New York: Academic Press.

Wurtz, R. H. (1981). Comparison of effects of eye movements and stimulus movements
on striate cortex neurons of the monkey. Journal of Neurophysioiogy, 46(4),773-787.

Wurtz, R. H., & Mohler, C. W. (1976a). Organization of monkey superior colliculus:
enhanced visual response of superficial layer cells. J. Neurophysiol , 39,745-765.

Wurtz, R. H., & Mohler, C. W. (1976b). Enhancement of visual response in monkey striate
cortex and frontal eye fields. J. Neurophysiol., 39,766-772.

Wyns, C., Coyette, F., & Bruyer, R. (1989). Attention and brain damage: a clinical study
of response laiency under various degrees of uncertainty.

PERCEPTUAL.AND.MOTOR.SKILLS., 68,139-146.




Yamada, T., lzyuuinn, M., Schulzer, M., & Hirayama, K. (1890). Covert orienting attention
i n P ar k i ns on ' s d i s e a s e
JOURNAL.OF NEUROLOGY .NEURQSURGERY.AND.PSYCHIATRY, $3,593-596.

Zametkin, A. J., Nordahl, T. E., Gross, M., King, A. C., Semple, W. E., Rumsey, J.,
Hamburger, S., & Cohen, R. M. (1990). Cerebral glucose metabolism in adults with
hyperactivity of childhood onset. Teh New Englan rnat of Medicine, 323,1361-1366.

Zeki, S., & Shipp, S. (1958). The functional logic of cortical connections. Nature,
335,311-317.




NEUROBIOLOGY OF ATTENTION

BIBLIOGRAPHY BY SELECTED TOPICS

Aging

Audition

Evoked Related Potentials
Frontal Cortex
Catecholanines

Parietal Lobe
Schizophrenia

Sensory Neglect

Vision

Somatosensory




Aging

MacRae, P. G., Spirduso, W. W., & Wilcox, R. E. (1988). Reaction time and nigrostriatal
dopamine function: the effects of age and practice. Brain Research, 451,139-146.

Audition

Cohen, R. M., Semple, W. E., Gross, M., Nordahi, T. E., Holcomb, H. H., Dowling. M. S,
& Pickar, D. (1988). The effect of neuroleptics on dysfunction in a prefrontal subsirate of
sustained attention in schizophrenia. LIFE.SCIENCES., 43,1141-1150.

Froehlich, P., Collet, L., Chanal, J. M., & Morgon, A. (1890). Variability of the influence of
a visual task on the active micromechanical properties of the cochlea. BRAIN
RESEARCH., 508,286-288.

Giard, M. H., Pernier. J., Perrin, F., & Peronnet, F. (1987). Topographic study of auditory
attention-related waveforms: a preliminary report.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
. 40,92-98.

Hari, R., Hamalainen, M., Kaukoranta, E., Makela, J., Joutsiniemi, S. L., & Tihonen, J.
(1989). Selective listening modifies activity of the human auditory cortex.
EXPERIMENTAL.BRAIN RESEARCH., 74,463-470.

Hocherman, S., ltzhaki, A., & Gilat, E. (1981). The response of single units in the auditory
cortex of rhesus monkeys to predicted and to unpredicted sound stimuli. Brain Research,
@165'86.

Hoy, R. R. (1989). Startle, categorical response, and attention in acoustic behavior of
insects. Ann. Rev. Neurosci., 12,355-375.

Mason, S. T., & Fibiger, H. C. (1978). Evidence for a rolz of brain noradrenaline in
attention and stimulus sampling. Brain Research, 159,421-426.

Mazzucchi, A., Cattelani, R., & Umilta, C. (1891). Hemispheric prevalance in the acoustical
attention. Brain and Coqnition,

Meck, W. H. (1984). Attentional bias between modalities: effect on the internal clock,
memory, and decision stages used in animal time discrimination. Annals of the New York

Academy of Sciences, 423,528-541.

Nagamoto, H. T., Adler, L. E., Waldo, M. C., & Freedman, R. (1989). Sensory gating in
schizophrenics and normal controls: effects of changing stimulation interval.

BIOLOGICAL.PSYCHIATRY, 25,549-561.




Pollack, G. S. (1988). Selective attention in an insect auditory neuron.
JOURNAL.QF NEURQSCIENCE., 8,2635-2639.

Puel, J-L., Bonfils, P., & Pujol, R. (1988). Selective attention modifies the active
micromechanical properties of the cochlea. Brain Research, 447,380-383.

Steinbach, T., von Dreden, G., & Poppel, E. (1991). Long-term training in a choice
reaction time task reveals different learning characteristics for the visual and auditory
system. Naturwissenschaften, 78,185-187.

Weinberger, N. M., Ashe, J. H., Metherate, R., McKenna, T. M., Diamond, D. M., & Bakin,
J. (1990a). Retuning auditory cortex by learning: A preliminary model of receptive field
plasticity. Concepts in neyroscience, 1(1),81-132.

Weinberger, N. M., Ashe, J. H., Metherate, R., Diamond, D. M., McKenna, T. M., & Bakin,
J. (1990b). Retuning auditory cortex by learning: a model of receptive field plasticity.
Concepts in neuroscience, 1(1),91-132.

Woods, D. L., & Clayworth, C. C. (1987). Scalp topographies dissociate N1 and Nd
components during auditory selective attention.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
., 40,155-160.

ERP

Aine, C. J., & Harter, M. R. (1984a). Hemispheric differences in event-related potentials
to stroop stimuli. Attention and color-word processing. Annals New York Academy of
Sciences, 425,154-156.

Aine, C. J., & Hartei, M. R. (1984b). Event-related potentials to stroop stimuli. Color and
word processing. Annals New York Academy of Sciences, 425,152-163.

Aine, C. J., & Harter, M. R. (1986). Visual event-related potentials to colored patterns and
color names: attention to features and dimension. Electroencephalogr Clin Neurophysigl,
64(3),228-245.

Brandeis, D., Horst, A., & Lehmann, D. (1987). Topographic effects of attention and
subjective figure perception in adaptively segmented ERP map series.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
- 40,76-80.

Brenner, E., & Mirmiran, M. (1988). Event related potentials recorded from rats performing
a reaction-time task. Physiology and Behavior, 44,241-245.

| Q.. |

Curry, S. H. (1984). Contingent negative variation and slow waves in a short interstimulus




interval go-no go task situation. Annals New York Academy of Sciences, 425,171-176.

Desmedt, J.E. (1979). Cognitive components in cerebral event-related potentials and
selective attention. Basel; New York:S. Karger.

Donald, M. W. (1987). The timing and polarity of different attention-related ERP changes
inside and outside of the attentional focus.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
23 Q:B"'Bs'

Donchin, E. (1981). Surprisel....Surprise. Psychophysiology, 18,493-513.

Donchin, E., Heffley, E., Hillyard, S. A., Loveless, N., Maltzman, |., Ohman, A., Rosler, F.
,» Ruchkin, D., & Siddle, D. (1984). Cognition and event-related potentials. I. The orienting

reflex and P300. Annals New York Academy of Sciences, 425,39-57.

el Massioui, F., & Lesevre, N. (1988). Attention impairment and psychomotor retardation
in depressed patients: an event-related potential study.
ELECTROENCEPHALQOGRAPHY.AND.CLINICAL.NEURQOPHYSIOLOGY., 70,46-55.

Faux, S. F., Shenton, M. E., McCarley, R. W,, Torello, M. W., & Duffy, F. H. (1987). P200
topographic alterations in schizophrenia: evidence for left temporal-centroparietal region
€ f i c i t s .
TROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,681-687.

Gaillard, A. W., & Mantysalo, S. (1987). ERPs in a combined memory comparison and
selectlve attention paradigm

ELECTROENCEPHALOGRAPHY . AND.CLINICAL.NEUROPHYSIOLOGY. SUPPLEMENT
., 40,87-91.

Gunter, T. C., van der Zande, R. D., Wiethoff, M., Mulder, G., & Mulder, L. J. (1987).
Visual selective attention during meaningful noise and after sleep deprivation.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,99-107.

Hammond, E. J., Meador, K. J., Aung-Din, R., & Wilder, B. J. (1887). Cholinergic
modulation of human P3 event-related potentials. Neurology, 37(2),346-350.

Harter, M. R., Aine, C. J., & Schroeder, C. (1984). Hemispheric differences in
event-related potential measures of selective attention. Annals New York Academy of
Sciences, 425,210-211.

Hillyard, S.A., & Hansen, J.C. (1986). Attention: electrophysiological approaches. In M.
G. H. Coles, E. Donchin, & S. W. Porges (Eds.),Psychophysiology (pp. 227-243). New
York: The Guilford Press.




Hillyard, S. A., & Mangun, G. R. (1987). Sensory gating as a physiological mechanism for
v is ual s el e ctiwve attention .
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
- 40,61-67.

Holcomb, P. J. (1987). Automatic and attentional priming in a letter classification task.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
- 40,399-405.

Homberg, V., Grunewald, G., & Netz, J. (1984). Category scaling of the interest value of
complex visual stimuli and late positive components of the evoked potential. Annals New
York Academy of Scienges, 425,216-222.

Johnson, R., Jr. (1984). P300: a model of the variables controlling its amplitude. Annals
New York A my of Sciences, 425,223-239.

Knight, R. T., Hillyard, S. A., Woods, D. L., & Neville, H. J. (1981). The effects of frontal
cortex lesions on event-related potentials during auditory selective attention.
linical Neurophysiology, 52,571-582.

Kutas, M. (1987). Overview of language and hemispheric specialization.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROQPHYSIOLOGY.SUPPLEMENT
-, 40,375-378.

Lawson, E. A, Barrett, G., Kriss, A., & Halliday, A. M. (1884). P300 and VEPs in
Huntington's chorea. Annals New York Academy of Sciences, 425,592-597.

Looren de Jong, H., Kok, A., & Van Rooy, J. C. (1987). Electrophysiological indices of
visual selection and memory search in young and old adults.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
., 40,341-349.

Lyytinen, H., & Naatanen, R. (1987). Autonomic and ERP responses to deviant stimuli:
a n al vy s i s o f c o v ariation .
ELECTRQENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT

. 40,108-117.

Mangun, G. R., Hansen, J. C., & Hillyard, S. A. (1987). The spatial orienting of attention:
sensory facilitation or response bias?.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL . NEUROPHYSIOLOGY SUPPLEMENT
- 40,118-124.

Mangun, G.R., & Hillyard, S.A. (1990). Electrophysiological studies of visual selective
attention in humans. In A. Scheibel, & A. Wechsler (Eds.),The neurobiological
foundations of higher cognitive function New York: Guilford Press.




Massioui, F. E., Lesevre, N., & Fournier, L. (1987). Comparative event-related potential
(ERP) studies of attention impairment in workers exposed to organic solvents, in chronic
alcoholics and in a group of depressed inpatients.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL . NEUROPHYSIOLOGY.SUPPLEMENT
- 40,675-680.

McCallum, W. C., & Curry, S. H. (1984). A comparison of early event-related potentials
in two target detection tasks. Annals New York Academy of Sciences, 425,242-249.

Michie, P. T. (1984). Selective attention effects on somatosensory event-related potentials.
Annals New York A my of Sciences, 425,250-255.

Okita, T. (1989). Within-channel selection and event-related potentials during selective
auditory attention. Psychoghysiology, 26,127-139.

Polich, J. (1986). Attention, probability, and task demands as determinants of P300
latency from auditory stimuli. Electroencephalogr Clin Neurophysiol, 63(3),251-259.

Ritter, W., Ford, J. M., Gaillar, A. W., Harter, M. R., Kutas, M., Naatanen, R., Palich, J.,
Renault, B., & Rohrbaugh, J. (1984). Cognition and event-related potentials. |. The relation

of negative potentials and cognitive processes. Annals New York Academy of Sciences,
425,24-38.

Tecce, J. J., Cattanach, L., Boehner-Davis, M. B., & Clifford, T. S. (1884). CNV and
myogenic function. ii. Divided attantion produces a double dissociation of CNV and EMG.

Annals New York Academy of Sciences, 425,289-294.

Wagner, M., Kurtz, G., & Engel, R. R. (1888). Normal P300 in acute schizophrenics during
a continuous performance test. BIOLOGICAL.PSYCHIATRY, 25,792-795.

Frontal_cortex

Cohen, R. M., Semple, W. E., Gross, M., Holcomb, H. H., Dowling, M. S., & Nordahl, T.
E. (1988). Functional localization of sustained attention: comparison to sensory stimulation

in the absence of instruction. Neuropsychiatry; neuropsychology, and behavigral
neurology, 1(1),3-20.

Knight, R. T., Hillyard, S. A., Woods, D. L., & Neville, H. J. (1981). The effects of frontal
cortex lesions on event-related potentials during auditory selective attention.

Electroencephalography and Clinical Neurophysiology, 52,571-582.

Whishaw, I. Q., Tomie, J., & Kolb, B. (1891). Ventrolateral prefrontal cortex lesions in rats
impair the acquisition and retention of a tactile-olfactory configural task. In_Press,




Wilkins, A. J., Shallice, T., & McCarthy, R. (1987). Frontal lesions and sustained attention.
Neuropsychologia, 25(2),359-365.

Zametkin, A. J., Nordahl, T. E., Gross, M., King, A. C., Semple, W. E., Rumsey, J.,
Hamburger, S., & Cohen, R. M. (1990). Cerebral glucose metabolism in adults with
hyperactivity of childhood onset. Teh New England Journal of Medicine, 323,1361-1366.

Catecholamine

Clark, C. R, Geffen, G. M., & Geffen, L. B. (1987). Catecholamines and attention II:
pharmacological studies in normal humans. Neuroscien nd Biobehavioral Reviews,
_2..1353'364.

Mason, S. T., & Fibiger, H. C. (1978). Evidence for a role of brain noradrenaline in
attention and stimulus sampling. Brain Research, 159,421-426.

Parietal Lobe

Andersen, R., Graziano, M., & Snowden, R. (1990). Translational invariance and
attentional modulation of MST cells. Society for Neuroscience,

Andersen, R. A. (1990). Inferior parietal lobule function in spatial perception and
visuomotor integration. No name,

Andersen, R.A., & Gnadt, JW. (1989). Posterior parietal cortex. In Wurtz, & Goldberg
(Eds.),The neurobiology of saccadic eye movements (pp. 315-335). : Elsevier Science
Publishers BV.

Anderson, R. A, Essick, G. K., & Siegel, R. M. (1985). Encoding of spatial location by
posterior parietal neurons. Sgience, 230,456-458.

Baynes, K., Holtzman, J. D., & Volpe, B. T. (1986). Components of visual attention:
alterations in response pattern to visual stimuli following parietal lobe infarction. Brain,
109,99-114.

Butter, C. M. (.987). Varieties and disturbances of attention in neurophysiological and
neuropsychological aspects of spatial neglect. Advances in psychology, 45,1-23.

Caramazza, A., & Hillis, A. E. (1990a). Levels of representation, coordinate frames, and
unilateral neglect. Reports of the Cognitive Neur hology Laboratory, 2-52.

Caramazza, A., & Hillis, A. E. (1990b). Spatial representation of words in the brain implied
by studies of a unilateral neglect patient. Nature, 346(6281),267-268.




Ciesielski, K. T., Courchesne, E., & Elmasian, R. (1990). Effects of focused selective
attention tasks on event-related potentials in autistic and normal individuals.

ELECTROQENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 75,207-220.

Cohen, A., & Rafal, R. D. (1991). Attention and feature integration: illusory conjunctions
in a patient with a parietal lobe lesion. Psychological Science, 2,106-110.

Colby, C. L. (1990). The neuroanatomy and neurophysiology of attention. In Press,

Faux, S. F., Shenton, M. E., McCarley, R. W., Torello, M. W., & Duffy, F. H. (1987). P200
topographic alterations in schizophrenia: evidence for left temporal-centroparietal region
d e f i c i t S .
ELECTRQENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.SUPPLEMENT
. 40,681-687.

Goldberg, M. E., & Bruce, C. J. (1985). Cerebral cortical activity associated with the
orientation of visual attention in the rhesus monkey. Vision Research, 25(3),471-481.

Goldberg, M. E., Colby, C. L., & Duhamel, J-R. (1991). The representation of visuomotor
space in the parietal lobe of the monkey. In_Press,

Lynch, J. C., & MclLaren, J. W. (1989). Deficits of visual attention and saccadic eye
movements after lesions of parieto-occipital cortex in monkeys. J. Neurophysiol.,
61,74-90.

Lynch, J. C., Mountcastle, V. B., Talbot, 'N. H., & Ying, T. C. (1977). Parietal lobe
mechanisms for directed visual attention. Juurnatl of Neurophysiology, 40,362-389.

Motter, B. C., Steinmetz, M. A., Duffy, C. J., & Mountcastle, V. B. (1987). Functional
properties of parietal visual neurons: mechanisms of directionality along a single axis.

Journal of Neuroscience, 7(1),154-175.

Mountcastle, V. B., Andersen, R. A., & Motter, B. C. (1981a). The influence of attentive
fixation upon the excitability of the light-sensitive neurons of the posterior parietal cortex.

The Journal of Neuroscience, 1(11),1218-1235.

Mountcastle, V. B. (1981b). The influence of attentive fixation upon the excitability of the
light-sensitive neurons of the posterior parietal cortex. Journal of Neuroscience,
1(11),1218-1235.

Mountcastle, V.B. {1981c). Functional properties of the light-sensitive neurons of the
posterior parietal cortex and their regulation by state controls: influence on excitability of
interested fixation and the angle of gaze. In O. Pompeiano, & C. Ajmone Marsan
(Eds.),Brain mechanisms and perceptual awareness (pp. 67-98). New York: Raven Press.




Mountcastle, V.B. (1981d). Functional properties of the light-sensitive neurons of the
posterior parietal cortex and their regulation by state controls: influence on excitability of
interested fixation and the angle of gaze. In O. Pompeiano, & C. Ajmone Marsan
(Eds.),Brain mechanisms and perceptual awareness (pp. 67-98). NY: Raven Press.

Mountcastle, V. B., Motter, B. C., Steinmetz, M. A., & Sestokas, A. K. (1987). Ccmmon
and differential effects of attentive fixation on the excitability of parietal and prestriate (V4)
cortical visual neurons in the macaque monkey. Journal of Neuroscience, 7(7),2239-2255.

Nagel-Leiby, S., Buchtel, H., & Welch, K. M. A. (1987). Right frontal and parietal lobe
contributions to the process of directed visual attention and arientation. Journal of Clinical

and Experimental Neuropsychology, 9(1),

Petersen, S. E., Robinson, D. L., & Currie, J. N. (1989). Influences of lesions of parietal
cortex on visual spatial attention in humans. Exp. Brain Res., 76,267-280.

Pierrot-Deseilligny, C., Gray, F., & Brunet, P. (1988). Infarcts of both inferior parietal
lobules with impairment of visually guided eye movements, peripheral visual inattention
and optic ataxia. Brain, 109,81-97.

Posner, M. |. (1980). Orienting of attention. Quarterly Journai of Experimental Psychology,
32,3-25.

Posner, M. 1., Walker, J. A., Friedrich, F. J., & Rafal, R. D. (1984a). Effects of parietal lobe
injury on covert orienting of visuai attention. J. Neuroscience, 4,1863-1874.

Posner, M. I., Walker, J. A., Frances, J. F., & Rafal, R. D. (1984Db). Effects of parietal injury
on covert orienting of attention. Journal of Neurgscience, 4(7),1863-1874.

Posner, M. I, Choate, L., Rafal, R. D., & Vaughan, J. (1985). Inhibition of return: Neural
mechanisms and function. Cognitive Neuropsychology, 2,211-228.

Posner, M. |. (1986). A framework for relating cognitive and neural systems. EEG and
Clinical Neurophysiology, supp!. 38,155-166.

Posner, M. |., Walker, J. A., Friedrich, F. A., & Rafal, R. D. (1987a). How do the parietal
lobes direct covert attention?. Neuropsychaologia, 25(1A),135-145.

Posner, M. 1., Inhoff, A. W., & Friedrich, F. J. (1987b). Isolating attentional systems: a
cognitive-anatomical analysis. Psychobiology, 15(2),107-121.

Robertson, L. C., Lamb, M. R, & Knight, R. T. (1988). Effects of lesions of
temporal-parietal junction on perceptual and attentional processing in humans.

JOURNAL.OF NEUROSCIENCE., 8,3757-3769.




Steinmetz, M. A., Motter, B. C., Duffy, C. J., & Mountcastle, V. B. (1987). Functional
properties of parietal visual neurons: radial organization of directionalities within the visual

field. Journal of Neuroscience, 7(1),177-191.

Traub, B., & Elepfandt, A. (1990). Sensory neglect in a frog: evidence for early evolution
of attentional processes in vertebrates. Brain Research, $50,105-107.

Ying, T. C., & Mountcastle, V. B. (1978). Mechanisms of neural integration in the parietal
lobe for visual attention. Federation Proc, 37,2251-2257.

Schizophrenia

Baker, N. J., Staunton, M., Adler, L. E., Gerhardt, G. A., Drebing, C., Waldo, M.,
Nagamoto, H., & Freedman, R. (1990). Sensory gating deficits in psychiatric inpatients:
relation to catecholamine metabolites in different diagnostic groups.
BIOLOGICAL.PSYCHIATRY, 27,518-528.

Baruch, |, Hemsley, D. R., & Gray, J. A. (1988). Differential performance of acute and
chronic schizophrenics in a latent inhibition task.

JOURNAL.OF. NERVOUS.AND.MENTAL.DISEASE., 176,598-606.

Berman, K. F., Zec, R. F., & Weinberger, D. R. (1986). Physiologic dysfunction of
dorsolateral prefrontal cortex in schizophrenia. Ii. Role of neuroleptic treatment, attention,

and mental effort. Arch Gen Psychiatry, 43(2),126-135.

Braff, D. L. (1989). Sensory input deficits and negative symptoms in schizophrenic
patients. AMERICAN.JOURNAL.OF.PSYCHIATRY, 146,1006-1011.

Braff, D. L., & Geyer, M. A. (1990). Sensorimotor gating and schizophrenia. Human and
animal mode! studies. ARCHIVES.OF.GENERAL.PSYCHIATRY, 47,181-188.

Camacho, F., Woods, A. T., Kerman, L. L., & Dunn, R. W. (1992). Clozapine preferentially
antagonizes MK-801-induced locomotion and falling behavior in mice. Hoechst,

Cohen, R. M., Semple, W. E., Gross, M., Nordahi, T. E., Holcomb, H. H., Dowling, M. S.,
& Pickar, D. (1988). The effect of neuroleptics on dysfunction in a prefrontal substrate of
sustained attention in schizophrenia. LIFE.SCIENCES., 43,1141-1150.

Coppola, R., & Gold, J. (1990). What is left of attention in schizophrenia? [letter].
ARCHIVES.OF. GENERAL.PSYCHIATRY, 47,291-292.

Everett, J., Laplante, L, & Thomas, J. (1989). The selective attention deficit in
schizophrenia. Limited resources or cognitive fatigue?. Journal of nervous and mental
disease, 177,735-738.




Faux, S. F., Shenton, M. E., McCarley, R. W., Torello, M. W., & Duffy, F. H. (1987). P200
topographic alterations in schizophrenia: evidence for left temporal-centropsiietai region
d e f i c i t S .
ELECTROENCFEPHALOGRAPHY.AND.CLINICAL NEURQPHYSIOLOGY.SUPPLEMENT
., 40,681-687.

Fernandez-Ballesteros, R., & Vizcarro-Guarch, C. (1987). Response selection on the

Rorschach Test. PERCEPTUAL AND.MOTOR.SKILLS., 65,935-940.

Geyer, M. A, & Braff, D. L. (1987). Startle habituation and sensorimotor gating in
schizophrenia and related animal models. Schizophrenia Builetin, 13,643-668.

Grillon, C., Courchesne, E., Ameli, R., Geyer, M. A, & Braff, D. L. (1990). Increased
distractibility in schizophrenic patients. Eiectrophysiologic and behavioral evidence.

ARCHIVES.OF GENERAL.PSYCHIATRY, 47,171-179.

Heim, G. (1989). Attentional functions in listening and schizophrenia. A selective review.
EUROPEAN.ARCHIVES.” " PSYCHIATRYAND.NEUROLOGICAL.SCIENCES.,239,62-6S.

Javitt, D. C. (1987). Negative schizophrenic symptomatology and the PCP (phencyclidine)
model of schizophrenia. Hillside Journal of Clinical Psychiatry, 9,12.

Javitt, D. C., & Zukin, S. R. (1991). Recent advances in the phencyclidine model of
schizophrenia. American Journal of Psychiatry, 148,10.

Jutai, J. W, (1989). Spatial attention in hypothetically psychosis-p: one college students.
Psychiatry Res., 27,207-215.

Kane, J., Honigfeld, G., Singer, J., & Meltzer, H. (1988). Clozapine for the
treatment-resistant schizophrenic. Arch. Gen Psychiatry, 45,789.

Kane, J. M., Honigfeld, G., Singer, J., & Meitzer, H. (1989). Clozapine for the
treatment-resistant schizophrenic: results of a US multicenter trial. Psychopharmacology,
99,560-563.

Kathmann, N., & Engel, R. R. (1990). Sensory gating in normais and schizophrenics: a
failure to find strong P50 suppression in ncrmals. BIOLOGICAL.PSYCHIATRY,
27,1216-1226.

Melden, M.J. (1970). Diseases of attention and perception. Oxford, New York:Pergamon
Press.

Meltzer, H. Y., Sommers, A. A., & Luchins, D. J. (1986). The effect of neuroleptics and
other psychotropic drugs on niegative symptoms in schizophrenia. Journal of Clinical

o




r_"f_———'—_—_—f

Psychopharmacology, 6,329-338.

Meitzer, H. Y., Bastani, B., Kwon, K. Y., Ramirez, L. F., Burnett, S., & Sharpe, J. (1889).
A prospective study of clozapine in treatment-resistant schizophrenic patients.

Psychopharmacology, 99,568-572.

Meitzer, H. Y., Burnett, S., Bastani, B., & Ramirez, L. F. (1990). Effec*s of six months of
clozapine treatment on the quality of life of chronic schizophrenic patients. Hospital and

Community Pzychiatry, 41,892.

Mirsky, A. F. (1988). Research on schizophrenia in the NIMH laboratory of psychology
and psychopathology, 1954-1987. Schizophrenia Bulletin, 14(2),151-156.

Nagamoto, H. T., Adler, L. E., Waldo, M. C., & Freedman, R. (1989). Sensory gating in
schizophrenics and normal controls: effects of changing stimulation interval.

BIOLOGICAL.PSYCHIATRY, 25,549-561.

Posner, M. |, Early, T., Crippin, P., & Reiman, E. Does schizophrenia involve a left
hemisphere deficit of attention?. (UnPub)

Posner, M. |, Early, T. S., Reiman, E., Pardo, P. J., & Dhawan, M. (1988). Asymmetries
in hemispheric control of attention in schizophrenia.

ARCHIVES.QF. GENERAL.PSYCHIATRY, 45,814-821.

Sarter, M., Hagan, J., & Dudchenko, P. (1992). Behavioral screening for cognition
enhancers: from indiscriminate to valid testing: Part I. Psychopharmacology, 148-149.

Schwartz, B. D., & Winstead, D. K. (1988). Visible persistence in paranoid schizophrenics.
BIOLOGICAL.PSYCHIATRY, 23,3-12.

Schwartz, B. D., Maliott, D. B., & Winstead, D. K. (1988). Preattentive deficit in temporai
processing by chronic schizophrenics. BIOLOGICAL.PSYCHIATRY, 23,664-669.

Schwartz, F., Carr, A. C., Munich, R. L., Giauber, S., Lesser, B., & Murray, J. (1989).
Reaction time impairment in schizophrenia and affective illness: the role of attention. Bigl.

Psychiatry, 25,540-548.

Strandburg, R. J., Marsh, J. T., Brown, W. S., Asarnow, R. F., Guthrie, D., & Higa, J.
(1990). Event-related potential correlates of impaired attention in schizophrenic children.
BIOLOGICAL PSYCHIATRY, 27,1103-1115,

Van Gelder, P., Anderson, S., Herman, E., Lebedev, S., & Tsui, W. H. (1990). Saccades
in pursuit eye tracking reflect motor attention processes.

COMPREHENSIVE.PSYCHIATRY, 31,253-260.
Wagner, M., Kurtz, G., & Engel, R. R. (1989). Normal P300 in acute schizophrenics during




a continuous performance test. BIQLOGICAL.PSYCHIATRY, 25,792-795.

n Neql

Dean, P., & Redgrave, P. (1984). The superior colliculus and visual neglect in rat and
hamster. |. Behavioral evidence. Brain Research, 320(2-3),128-141.

Gainotti, G., D'Erme, P., Monteleone, D., & Silveri, M. C. (1986). Mechanisms of unilateral
spatial negiect in relation to laterality of cerebral lesions. Brain, 109(4),599-612.

Ladavas, E. (1987). Is the hemispatial deficit produced by right parietal lobe damage
associated with retinal or gravitational coordinates?. Brain, 110(1),167-180.

Lhermitte, F., Turell, E., LeBrigand, D., & Chain, F. (1985). Unilateral visual neglect and
wave P 300. A study of nine cases with unilateral lesions of the parietal iobes. Arch.
Neurol., 42(6),567-573.

Meador, K. J., Loring, D. W., Bowers, D., & Heilman, K. M. (1987). Remote memory and
neglect syndrome. Neurology, 37(3),522-526.

Mesulam, M. -M. (1981). A cortical network for directed attention and unilateral neglect.
The American Neurological Association, 10,308-325.

Mittleman, G., Whishaw, I. Q., & Robbins, T. W. (1988). Cortical lateralization of function
in rats in a visual reaction time task. Behavioral Brain Research, 31,29-36.

Morrow, L. A., & Ratcliff, G. (1987). Attentional mechanisms of in clinical neglect. Journal
Nichelli, P., & Rinaldi, M. (1989). Selective spatial attention and length representation in
normal subjects and in patients with unilateral spatial neglect. Brain_and Cognition,
8,57-70.

Pierson-Savage, J. M., Bradshaw, J. L., Bradshaw, J. A., & Nettleton, N. C. (1988).
Vibrotactile reaction times in unilateral neglect. Brain, 111,1531-1545.

Robertson, I. (1989). Anomalies in the laterality of omissions in unilateral left visual
neglect: implications for an attentional theory of neglect. Neuropsychologia, 27,157-165.

Traub, B., & Elepfandt, A. (1990). Sensory neglect in a frog: evidence for early evolution
of attentional processes in vertebrates. Brain Research, 550,105-107.

Viader, F., Cambier, J., Masson, M., & Decroix, J. P. (1985). Subcortical neglect:
intentional or attentional?. Arch. Neurol., 42(5),423-424.




Watson, R. T., Valenstein, E., Day, A., & Heilman, K. M. (1886). Normal! tactile threshold
in monkeys with neglect. Neurology, 36(5),636-640.

Weintraub, S., & Mesulam, M. M. (1987). Right cerebral dominance in spatial attention.
Further evidence based on ipsilateral neglect. Arch. Neurol., 44(6),621-625.

Wilson, B., Cockburn, J., & Halligan, P. (1987). Development of a behavioral test of
visuospatial neglect. Arch Phys Med Rehabil, 68(2),98-102.
Vision

Andersen, R., Graziano, M., & Snowden, R. (1990). Translational invariance and
attentional modulation of MST cells. Society for Neurgscience,

Andersen, R. A. (1990). Inferior parietal lobule function in spatial perception and
visuomotor integration. No name,

Andersen, R.A., & Gnadt, J.W. (1989). Posterior parietal cortex. In Wurtz, & Goldberg
(Eds.),The neurobinlogy of saccadic eye movements (pp. 315-335). : Elsevier Science
Publishers BV.

Bizzi, E., & Schiller, P. H. (1970). Single unit activity in the frontal eye fields of
unanesthetized monkeys during eye and head movement. Exp. Brain Res., 10,151-158.

Blough, P. M. (1989). Attentional priming and visual search in pigeons. Journal of
Experimental Psychology Animal Behavior Processes, 15,358-365.

Bon, L., & Lucchetti C. (1988). The motor programs of monkey’s saccades: an
attentional hypothesis. EXPERIMENTAL.BRAIN RESEARCH., 71,199-207.

Braitman, D. J. (1984). Activity of neurons in monkey posterior temporal cortex during
multidimensional visual discrimination tasks. Brain Research, 307(1-2),17-28.

Braun, D., & Breitmeyer, B. G. (1988). Relationship between directed visual attention and
saccadic reaction times. EXPERIMENTAL.BRAIN RESEARCH., 73,546-552.

Britton, L. A., & Delay, E. R. (1989). Effects of noise on a simple visual attentional task.
PERCEPTUAL.AND.MOTOR.SKILLS., 68,875-878.

Bushnell, M. C., Goldberg, M. E., & Rabinson, D. L. (1981a). Behavioral enhancement of
visual responses in monkey cerebral cortex. |. Modulation in posterior parietal cortex
related to selective visual attention. Journal of Neurophysiology, 46(4),755-772.




Bushnell, M. C., Goldberg, M. E., & Robinson, D. L. (1981b). Behavioral enhancement of
visual responses in monkey cerebral cortex: |. modufation in posterior parietal cortex
related to selective visual attention. J. Neurophysiol., 46,755-772.

Capitani, E., Della Sala, S., Lucchelli, F., Soave, P., & Spinnler, H. (1988). Perceptual
attention in aging and dementia measured by Gottschaldt's Hidden Figure Test.

JOURNAL.QOF. GERONTOLOGY., 43,P157-P163.

Cave, K. R,, & Wolfe, J. M. (1990). Modeling of the role of parallel processing in visual
search. Manuyscript,

Desimone, R., Schein, S. J., Moran, J., & Ungerleider, G. (1985). Contour, color and
shape analysis beyond the striate cortex. Vision Research, 25,441-452.

DeYoe, E. A, & Van Essen, L. C. [13988). Concurrent processing siréaris i MONRSy

visual cortex. Trends in Neyrgscience, 11(5),219-226.

Duhamel, J-R., Colby, C. L., & Goldberg, M. E. (1991). Concurrent representations of
visual and somatosensory space in single neurons of monkey ventral intraparietal cortex
(Area VIP). In Press, (In Press)

Fischer, B., & Weber, H. (1988). Significance of attentive fixation for the selection of
saccade targets in different parts of the visual field of the rhesus monkey.

EXPERIMENTAL.BRAIN RESEARCH., 73,577-582.

Goldberg, M. E., & Bruce, C. J. (1985). Cerebral cortical activity associated with the
orientation of visual attention in the rhesus monkey. Vision Research, 25(3),471-481.

Goldberg, M. E., & Bushnell, M. C. (1981). Behavioral enhancement of visual responses
in monkey cerebral cortex. Il. Modulation in frontal eye fields specifically related to
saccades. J. Neurophysiol., 46,773-787.

Goldberg, M. E., Colby, C. L., & Duhamel, J-R. (1991a). The representation of visuomotor
space in the parietal lobe of the monkey. In Press,

Goidberg, M.E., & Calby, C.L. (1991b). The neurophysiology of spatial vision. in F. Boller,
& J. Grafman (Eds.),Handbook of neuropsychology (pp. 301-315). : Elsevier Science
Publishers.

Goldberg, M. E., & Robinson, D. L. (1977). Visual responses of neurons in monkey
inferior parietal lobule: The physiologic substrate of attention and neglect. Neurology,
27,350.

Goldberg, M. E., & Segraves, M. A. (1987). Visuospatial and motor attention in the
monkey. Neurgpsychologia, 25,107-118.




Goldberg, M. E., & Wurtz, R. H. (1872). Activity of superior colliculus in behaving monkey:
il. The effect of attention on neuronal responses. J. Neurophysiol., 35,560-574.

Gray, C. M., Konig, P., Engel, A. K., & Singer, W. (1989). Oscillatory responses in cat
visual cortex exhibit inter-columnar synchronization which reflects global stimulus
properties. Nature, 338,334-337.

Gregory, S. D., Heath, J. A, & Rosenberg, M. E. (1989). Does selective attention
influence the brain-stem auditory evoked potential?.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY., 73,557-560.

Gunderson, V. M., Grant-Webster, K. S., & Sackett, G. P. (1989). Deficits in visual
recognition in low birth weight infant pigtailed monkeys ( Macaca nemestrina ). Child

Development, §Q,113-127.

Gunter, T. C., van der Zande, R. D., Wiethoff, M., Mulder, G., & Mulder, L. J. (1987).
Visual selective attention during meaningful noise and after sleep deprivation.

ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY . SUPPLEMENT
- 40,99-107.

Heinze, H. J., Luck, S. J., Mangun, G. R., & Hillyard, S. A. (1890). Visual event-related
potentials index focused attention within bilaterai stimulus arrays. 1. Evidence for early
selection. ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEURQPHYSIOLOGY.,
75,511-527.

Hillyard, S. A., & Mangun, G. R. (1987). Sensory gating as a physiological mechanism for
vis ual s el e ctiwve attention .
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
. 40,61-67.

Hommel, M., Peres, B., Pollak, P., Memin, B., Besson, G., Gaio, J. M., & Perret, J. (1990).
Effects of passive tactie and auditory stimuli on left visual neglect.
ARCHIVES.OF NEURQLOGY., 47,573-576.

ishiai, S., Furukawa, T., & Tsukagoshi, H. (1989). Visuospatial processes of line bisection
and the mechanisms underlying unilateral spatial neglect. Brain, 112,1485-1502.

Laming, P., Borchers, H., & Ewert, J. (1984). Visual unit, EEG and sustained potential shift
responses in the brains of toads ( Bufo bufo ) during alert and defensive behavior.

Physiology and Behavior, 32,463-468.

Li, C. Y., Tanaka, M., & Creutzfeidt, O. D. (1989). Attention and eye movement related
activation of neurons in the dorsal prelunate gyrus (area DP). BRAIN RESEARCH.,
496,307-313.

Lindsley, D.B. (1982). Neural mechanisms of arousal, attention, and information




processing. In J. Orbach (Ed.),Neuropsychology after Lashley (pp. 315-407). NJ:
Lawrence Eribaum.

Looren de Jong, H., Kok, A, & Van Rooy, J. C. (1987). Electrophysiological indices of
visual selection and memory search in young and old adults.
ELECTROENCEPHALOGRAPHY.AND.CLINICAL.NEUROPHYSIOLOGY.SUPPLEMENT
23 iQ’341'349~

Luck, S. J., Hillyard, S. A., Mangun, G. R., & Gazzaniga, M. S. (1889). independent
hemispheri¢ attentional systems mediate visual search in split-brain patients. Nature,
342,543-545.

Madden, D. J. (1990). Adult age differences in the time course of visual attention.
JOURNAL . QF. GERONTOLOGY., 45,P9-16.

Mangun, G. R., & Hillyard, S. A. (1988). Spatial gradients of visual attention: behavioral
and electrophysiological evidencae
ELECTROENCEPHALQGRAPHY.AND.CLINICAL. NEUROPHYSIOLOGY., 70,417-428.

Mason, S. T., & Fibiger, H. C. (1978). Evidence for a role of brain noradrenaline in
attention and stimulus sampling. Brain Research, 159,421-426.

McCord, D. M. (1989). Do redundant visual and auditory target variables facilitate control
behavior?. PERCEPTUAL.AND.MOTOR.SKILLS., §9,275-282.

Meck, W. H. (1984). Attentional bias between modalities: effect on the internal clock,
memory, and decision stages used in animal time discrimination. Annals of the New York

Academy of Sciences, 423,528-541.

Miller, L. H., & Turnbull, B. A. (1986). The effect of MSH/ACTH 4-10 on delayed response
performance and post-test locomotor activity in rats. Peptides, 7,207-205.

Moran, J., & Desimone, R. (198S). Selective attention gates visual processing in the
extrastriate cortex. Science, 229,782-784.

Mountcastle, V. B., Andersen, R. A., & Motter, B. C. (1981). The influence of attentive
fixation upon the excitability of the light-sensitive neurons of the posterior parietal cortex.

The Journal of Neuroscience, 1(11),1218-1235.

Nagel-Leiby, S., Buchtel, H. A., & Welch, K. M. (1990). Cerebral control of directed visual
attention and orienting saccades. Brain, 113,237-276.

Posner, M. |, Early, T. S., Reiman, E., Pardo, P. J., & Dhawan, M. (1988). Asymmetries
in hemispheric control of attention in schizophrenia.

ARCHIVES OF GENERAL.PSYCHIATRY, 45,814-821.




Rafal, R. D., Posner, M. |, Friedman, J. H., Inhoff, A. W., & Bernstein, E. (1988). Orienting
of visual attention in progressive supranuclear palsy. Brain, 111,267-280.

¥ e 1

Rapcsak, S. Z., Verfaellie, M., Fieet, W. S., & Heilman, K. M. (1988). Selective attention
in hemispatial neglect. ARCHIVES.OF NEURQOLQGY., 46,178-182.

Rizzo, M., & Robin, D. A. (1990). Simultanagnosia: a defect of sustained atiention yields
insights on visual information processing. NEUROLOGY., 40),447-455.

Robinson, D. L., & Rugg, M. D. (1988). Latencies of visually responsive neurons in various
regions of the rhesus monkey brain and their relation to human visual responses. Special
Issue: Event related potential investigations of cognition. Biological Psychology,
26,111-116.

Sato, T. (1988). Effects of attention and stimulus interaction on visual responses of inferior
temporal neurons in macaque. JOURNAL.QF NEUROPHYSIOLQGY., 60,344-364.

Sparks, D.L., & Mays, L.E. (1982). Role of the monkey superior colliculus in the spatial
localization of saccade targets. in A. Hein, & M. Jeannerod (Eds.),Spatially oriented
behavior (pp. 83-85). New York: Springer-Verlag.

Spitzer, H., Desimone, R., & Moran, J. (1988). Increased attention enhances both
behavioral and neuronal performance. Science, 240 .338-340.

Steinbach, T., von Dreden, G., & Poppel, E. (1991). Long-term training in a choice
reaction time task reveals different learning characteristics for the visual and auditory
system. Naturwissenschaften, 78,185-187.

Van Essen, D. C., & Maunsell, J. H. R. (1983). Hierarchical organization and functional
streams in the visual cortex. Trends in N '

Wade, D. T., Wood, V. A., & Hewer, R. L. (1988). Recovery of cognitive function soon
after stroke: a study of visual neglect, attention span and verbal recall.
JOURNAL.OF NEUROLOGY,.NEUROSURGERY.AND PSYCHIATRY, 51,10-13.

Walk, R. D., Shepherd, J. D., & Miller, D. R. (1988). Attention and the depth perception
of kittens. Bulletin of the Psychonomic society, 26,248-251.

Weintraub, S., & Mesulam, M. M. (1988). Visual hemispatial inattention: stimuius
parameters and exploratory strategies.

JOURNAL.OF NEURQLOGY, . NEUROSURGERY.AND.PSYCHIATRY, 51,1481-1488.

Wijers, A. A., Mulder, G., Mulder, L. J., Lorist, M. M, Poiesz, R. S., & Scheffers, M. K.
(1987). Endogenous components reflecting visual attention and controlled search to
c o | o u r e d s t i m u 1 i

ELECTROENCEPHALOGRAPHY.AND.CLINICAL NEURQPHYSIOLOGY.SUPPLEMENT '




) @1 1 38’1 45~

Wise, S. P., & Desimone, R. (1988). Behavioral neurophysiology: insights into seeing and
grasping. Science, 242,736-741.

Wolfe, J. M., Cave, K. R., & Franzel, S. L. {(1989). Guided search: an afternative to the

feature integration mode! for visual search. Journal of Experimental Psychology,
15(3),419-433.

Wurtz, R. H. (1969). Visual receptive fields of striate cortex neurons in awake monkeys.
J._Neurophysiol., 32,727-742.

Wurtz, R. H., & Mohler, C. W. (1976). Organization of monkey superior colliculus:
enhanced visual response of superficial layer cells. J. Neurgphysiol., 39,745-765.

Wurtz, R.H., Goldberg, M.E., & Robinson, D.L. (1980). Behavioral modulation of visual
responses in the monkey: stimulus selection for attention and movement. In J. M.
Sprague, & A. N. Epstein (Eds.),Progress in psychobiology and physiological psychology
(pp. 43-83). New York: Academic Press.

Wurtz, R. H., & Mohler, C. W. (1976). Enhancement of visual response in monkey striate
cortex and frontal eye fields. J. Neurgphysiol., 39,766-772.

Wurtz, R. H. (1981). Comparison of effects of eye movements and stimulus movements
on striate cortex neurons of the monkey. Journal of Neurophysiology, 46(4),773-787.

Yamada, T., Izyuuinn, M., Schulzer, M., & Hirayama, K. (1990). Covert orienting attention
i n P ar k ins on ' s d i s e a s e
JOURNAL.QF.NEUROLOGY,.NEUROSURGERY.AND.PSYCHIATRY, 53,593-596.

Zeki, S., & Shipp, S. (1988). The functional logic of cortical connections. Nature,
335,311-317.

matosen
James, L., Gordon, E., Kraiuhin, C., & Meares, R. (1889). Selective attention and auditory

event-related potentials in somatization disorder. COMPREHENSIVE.PSYCHIATRY,
30,84-89.




NEUROBIOLOGY OF ATTENTION

BIBLIOGRAPHY OF SELECTED TOPICS

Aging and Alzheimer's Disease
Audition

Computational Models

Event Related Potentials
Frontal Cortex

Lateral Hypothalamus and Motivation
Noradrenergic Systenm

Nucleus Accumbens

Parietal Lobes

Parietal Lobe Electrophysiology
Reticular Formation
Schizophrenia

Sensory Neglect

Somatosensory

Vision

Vision-Electrophysioloqy




Brain Mechanisms and Attention

Aging

Audition

Computational Models
Event-Related Potentials
Frontal Cortex

General

Lateral Hypothalamus and Motivation
Noradrenergic Function
Nucleus Accumbens
Parietal Lobes

Reticular Formation
Schizophrenia

Sensory Negect
Somatosensory

Vision

Aging & Alzheimer’s Disease

Freed, D.M., Corkin, S., Growdon, J.H. and Nissen, MJ. Selective attention in
alzheimer’s disease: CSF correlates of behavioral impairments.
Neuropsychologia 26: 895-902, 1988.

Gordon, B. and Carson, K. The basis for choice reaction time slowing in
Alzheimer’s disease. Brain and Cognition, in press, 1989.

Grady, C.L., Grimes, A.M,, Patronas, N., Sunderland, T., Foster, N.L.. and Rapoport,
S.I. Divided attention, as measured by dichotic speech performance, in
dementia of the Alzheimer type. Arch. Neurol. 46:317-320, 1989.

McDowd, J. M. The effects of age and extended practice on divided attention
performance. J. Gerontol. 41(6): 764-9, 1986 Nov.

Audition

Benson, D. A, and Heinz, R. D. (1978) Single-unit activity in the auditory cortex of
monkeys sleectively attending left vs. right ear stimuli. Brain Res. 159:
307-320.




Hocherman, S., Benson, D. A,, Goldstein, M. H., Heffner, H. E., and Heinz, R. D.
(1976) Evoked unit activity in auditory cortex of monkeys performing a
selective at*ention task. Brain Res. {17: 31-68.

Computational Models

Schneider, W. {1983) A simulation of automatic/controlled processing predicting
attentional and practice effects. Presentation at the Meetings of the
Psychonomic Society, San Diego, CA.

Schneider, W. (1985) Toward a model of attention and the development of
automatic processing. In Attention and Performance XI., M. Posner and O.S.
Marin (Eds), Hillsdale, NJ: Lawrence Erlbaum.

Schneider, W. and Detweiler, M. (1988) The role of practice in dual-task
performance: Toward workload modelling in a connectionist/control
architecture. Submitted to Human Factors.

Event-Related Potentials

Aine, C. J., and Harter, M. R. Event-related potentials to stroop stimuli. Color and word
processing. Annual New York Academy of Science, 425: 152-153, 1984,

Aine, C. J., and Harter, M. R. Hemispheric differences in event-related potentials to stroop
stimuli. Attention and color-word processing. Annual New York Academy of Science,
425: 154-156, 1984.

Aine, C. J,, and Harter, M. R. Visual event-related potentials to colored patterns and color
names: attention to features and dimension. Electroencephalogr Clin Neurophysiol.
64(3): 228-45, 1986 Sep.

Curry, S. H. Contingent negative variation and slow waves in a short interstimulus interval
go-no go task situation. Annual New York Academy of Science, 425: 171-176, 1984.

Desmedt, J. E. Cognitive components in cerebral event-related potentials and selective
attention. John E. Desmedt, editor. Basel; New York: S. Karger, 1979.

Donchin, E. Presidental Address, 1980, Surprise!...Surprise! The Society for
Psychophysiological Research, Inc. 493-513.

Donchin, E., Heffley, E., Hillyard, S. A., Loveless, N., Maltzman, L, Ohman,
A., Rosler, F., Ruchkin, D., and Siddle, D. Cognition and event-related




potentials. [I. The orienting reflex ar.d P300. Annual New York Academy of
Science, 425: 39-57, 1984.

Harter, M. R., Aine, ., and Schroeder, C. Hemispheric differences in event-related
potential measures of selective attention. Annual New York Academy of Science,
425: 210-211, 1984.

Hammond, E. J., Meador, K. J., Aung-Din, R, and Wilder, B. J. Cholinergic modulation of
human P3 event-related potentials. Neurology, 37(2): 346-50, 1987 Feb.

Homberg, V., Grunewald, G., and Netz, J. Category scaling of the interest value of complex
visual stimuli and late positive components of the evoked potential. Annual New
York Academy of Science, 425: 216-222, 1984.

Johnson, R. Jr., P300: a model of the variables controlling its amplitude. Annual New York
Academy of Science, 425: 223-239, 1984.

Lawson, E. A, Barrett, G., Kriss, A., and Halliday, A. M. P300 and VEPs in Huntington’s
chorea. Annual New York Academy Science, 425: 592-597, 1984.

McCallum, W. C., and Curry, S. H. A comparison of early event-related potentials in two
target detection tasks. Annual New York Academy of Science, 425: 242-249, 1984,

Michie, P. T. Selective attention effects on somatosensory event-related potentials. Annual
New York Academy of Science, 425: 250-255, 1984.

Polich, J. Attention, probability, and task demands as deter:ninants of P300 latency from
auditory stimuli. Electroencephalogr Clin Neurophysiol. 63(3): 251-9, 1986 March.

Ritter, W, Ford, J. M., Gaillar, A. W., Harter, M. R,, Kutas, M., Naatanen, R., Polich, J.,
Revault, B., and Rohrbaugh, J. Cognition and event-related potentials. 1. The
relation of negative potentials and cognitive processes. Annual New York
Academy of Science, 425: 24-38, 1984.

Tecce, J. J., Cattanach, L., Boehner-Davis, M. B., Clifford, T. S. CNV and myogenic

function. II. Divided attentior: produces a double dissociation of CNV and EMG.
425: 289-294, 1984.

Frontal Cortex

Berman, K. F., Zec, R. F., and Weinberger, D. R. Physiologic dysfunction of dorsolateral
prefrontal cortex in schizophrenia. II. Role of neuroleptic treatment, attention, and
mental effort. Arch Gen Psychiatry. 43(2):126-135, 1986 Feb.




Fuster, J. M. The prefrontal cortex: anatomy, physiology, and neuropsychology of the frontal
lobe. New York: Raven Press, 1980, p. 222.

Fuster, J. M. The prefrontal cortex, mediator of cross-temporal contingencies. Human
Neurobiol (1985) 4:169-179.

Olton, D. S., Wenk, G. L., Church, R. M., and Meck, W. H. Attention ard the
frontal cortex as examined by simultaneous temporal processing.
Neuropsychologia, Vol. 26, No. 2, pp. 307-318, 1988.

Rafal, R.D. (1987) Frontal lobe lesions slow the movement of visual attention.
Neurology 37: Suppl.1, 128.

Stuss, D. T, Benson, D. F. The frontal lobes. New York: Raven Press, 1986, p.
303.

Suzuki, H., and Azuma, M. Prefrontal neuronal activity during grazing at a light spot
in the monkey. Brain Research, 126 (1977), 497-508.

Woods, D. L., and Knight, R. T. Electrophysiological evidence of increased distractibility
after dorsolateral prefrontal lesions. Neurology, 36(2): 212-6, 1986 Feb.

Vaadia, E., Benson, D.A,, "lienz, R.D. and Goldstein, M.H. Unit study of monkey
frontal cortex: Active localization of auditory and of visual stimuli. J.
Neurophysiol. 56:934-952, 1986.

General

Holtzman, J. D., Volpe. B. T, and Gazzaniga, M. S. Spatial orientation following
commissural section. In: Varieties of Attention, pp. 375-394, 1984. Academic Press.

Hunt, E., Pellegrino, J.W,, and Yee, P.L. (1989) Individual differences in attention,
In The Psychology ot learning and motivation. Vol. 24, p.285-310. Academic

Press.

Lansman, M., Farr, S. and Hunt, E. Expectancy and dual-task interference. J. Exper.
Psychology: Human Perception and Performance. 10: 195-204, 1984.

Meck, W. H. Attentional bias between modalities: effect on the internal clock,
memory, and decision stages used in animal time discrimination. Ann NY
Acad Sci., 423: 52-77, 1984,

Micho, J. A,, and Jackson, J. L. Attentional effort and cognitive strategies in the processing
of temporal information. Ann NY Acad. Sci., 423: 298-321, 1984.




Mountcastle, V. B. (1978) Brain mechanisms for directed attention. Journal
Royal Society of Medicine 71: 14-28.

Mountcastle, V.B. Some neural mechanisms for directed attention. Cerebral
correlates of conscious experience, INSERM Symposium No. 6 (1978) 37- 51.

Pashler, H. Dissociations and dependencies between speed and accuracy: Evidence
for a two-component theory of divided attention in simple tasks. Cognitive
Psychology, in press, 1989

Posner, M.L, Petersen, S.E., Fox, P.T. and Raichle, M.E. Localization of cognitive
operations in the human brain. Science 240: 1627-1631, 1988

Posner, M.I. and Presti, D.E. Selective attention and cognitive control. TINS, Jan
1987, p 13-17.

Robinson, D. L., and Peterson, S. E. The neurobiology of attention. 7?7?77 143-186.

Roitblat, H. L. Attention and related cognitive processes. In: Introduction_ t Q
Comparative Cognition, pp. 64-99, New York: Freeman.

Lateral Hypothalamus and Motivation

Fukuda, M., Ono, T., Nishino, H., and Sasaki, K. Visual iesponses related to focd
discrimination in monkey lateral hypothalamus during operant feeding behavior.
Brain Res. 374(2): 249-59, 1986 May.

Noradrenergi tem

Caza, P. A. Noradrenergic influences on blocking: interactions with development. Pharmacol
Biochem Behav. 2i(1): 9-17, 1984 July.

Crider, A., Blockel, L., and Solomon, P. R. A selective attention deficit in the rat following
i, uced dopamine receptor supersensitivity. Behavioral Neuroscience, {986, Vol. 100,
No. 3, 315-319.

Mohammed, A. K,, Jonsson, G., Sundstrom, E., Minor, B. G., Soderbert, U., Archer,
T. Selective attention and place navigation in rats treated prenatally with
methylazoxymethanol. Brain Research, 395(2): 145-55, 1986 Dec.

Oades, R. D., Rivet, J. M., Taghzouti, K., Kharouby, M., Simon, H., and LeMoal. M.
Catecholamines and conditioned blocking: effects of ventral tegmental, septal and




frontal 6-hydroxydopamine lesions in rats. Brain Research, 406(1-2): 136-46, 1987
March 17.

Sara, S. J. Noradrenergic modulation of selective attention: its role in memory retrieval.
Annual New York Academy of Science, 444: 178-193, 1985.

Nucleus Accumbens

Bouyer, J.J., Montaron, M.F., Fabre-Thorpe, M. and Rougeul, A. Compulsive attentive
behavior after lesion of the ventral striatum in the cat: a behavioral and
electrophysiological study. Exp Neurol. 92(3): 698-712, 1986 June.

Parietal Lobes

Baynes, K., Holtzman, J.D., and Volpe, B.T. (1986) Components of visual attention:
Alterations in response pattern to visual stimuli following parietal lobe infarction.
Brain 109: 99-114.

Lynch, J. C., and McLaren, J. W. Deficits of visual attention and saccadic eye
movements after lesions of parieto-occipital cortex in monkeys. J
Neurophysiol. 61: 74-90, 1989.

Nagel-Leiby, S., Buchtel, H., and Welch, K.M.A. (1987) Right frontal and parietal
lobe contributions to the process of directed visual attention and orientation.

Journal of Clinical and Experimental Neuropsychology. 9, Number 1,
(Abstract).

Petersen, S.E., Robinson, D.L. and Currie, JN. Influences of lesions of parietal
cortex on visual spatial attention in humans. Exp. Brain Res. 76:267-280,
1989.

Pierrot-Deseilligny, C., Gray, F., and Brunet, P. Infarcts of both inferior  parnetal
lobules with impairment of visually guided eye movements, peripheral visual
inattention and optic ataxia. Brain, 109(Pt 1):81-97, 1986 Feb.

Posner, M.I. (1980) Orienting of attention. Quart, J. Exp. Psychol, 32: 3-25.

Posner, M. 1. Neural control of the direction of covert visual orienting. Draft of
paper presented to Psychonomic Society, November 1983.




Posner, M.L, Walker, J.A,, Friedrich, F.J., and Rafal, R.D. (1984) Effects of parietal

lobe injury on covert orienting of visual attention. J, Neuroscience 4: 1863-
1874.

Posner, M .1, Choate, L., Rafal, R.D., and Vaughan, J. (1985) Inhibition of

return: Neural mechanisms and function. Cognitive Neuropsychology 2:
211-228.

Posner, M.1. (1986) A framework for relating cognitive and neural systems. EEG and
Clinical Neurophysiology, Supplement 38, 155-166.

Posner, M.L, Inhoff, A.W., and Friedrich, F.J. (1987) Isolating attentional systems:
a cognitive-anatomical analysis. Psyvchobiology 15 (2): 107-121.

Posner, M. 1., Walker, J. A,, Friedrich, F. A., and Rafal, R. D. How do the
parietal lobes direct covert attention? Neuropsychologia, Vol. 25, No.lA, pp.
[35-145, 1987.

Parietal lobe ¢lectrophysiology

Anderson, R.A.,, Essick, G.K,, Siegel, R.M. Encoding of spatial location by posterior
parietal neurons. Science. Vol. 230, pp. 456-458.

Lynch, J. C., Mountcastle, V. B, Talbot, W. H., and Ying, T. C. (1977) Parietal lobe
mechanisms for directed visual attention. Journal of Neurophysiology 40: 362-389.

Motter, B.C., Steinmetz, M.A., Duffy, CJ. and Mountcastle, V.B. Functional
properties of parietal visual neurons: Mechanisms of directionality alonga
single axis. Journal of Neuroscience. Vol. 7, No.1 (1987).

Mountcastle, V.B. Functional properties of the light-sensitive neurons of the
posterior parietal cortex and their regulation by state controls: Influence on
excitability of interested fixation and the angle of gaze. Brain Mechanisms
and Perceptual Awareness. (1981) 67-98.

Mountcastle, V.B. The influence of attentive fixation upon the excitability of the
light-sensitive neurons of the posterior parietal cortex. Journal of
Neuroscience. Vol. 1, No. 11 (1981) 1218-1235.

Mountcastle, V. B. Functional properties of the light-sensitive neurons of the posterior
parietal cortex and their regulation by state controls: influence on excitability of
interested fixation and the angle of gaze. In: Brain Mechansims and Perceptual




Awareness edited by, O. Pompeiano and C. Ajmone Marsan, pp. 67-98. New York:
Raven Press, 1981.

Mountcastle, V. B., Motter, B. C., Steinmetz, M. A., and Sestokas, A. K. (1987) Common
and differential effects of attentive fixation on the excitability of parietal and

prestriate (V4) cortical visual neurons in the macaque monkey. Journal of
Neuroscience 7(7): 2239-2255.

Steinmetz, M.A., Motter, B.C., Duffy, CJ. and Mountcastle, V.B. Functional
properties of parietal visual neurons: Radial organization of directionalities
within the visual field. Journal of Neuroscience. Vol. 7, No. 1 (1987)
177-191.

Ying, T. C,, and Mountcastle, V. B. (1978) Mechanisms of neural integration in
the parietal lobe for visual attention. Federation Proc. 37: 225!- 2257.

Reticular Formation

Yamamoto, M., Nakahama, H., Shima, K., Kodama, T., and Mushiake, H. Markov-
dependency and spectral analyses on spike-counts in mesencephalic reticular neurons
during sleep and attentive states. Brain Res. 366(1-2): 279-89, 1986 Feb 26.

Schizophrenia

Berman, K. F, Zec, R. F., and Weinberger, D. R. Physiologic dysfunction of
dorsolateral prefrontal cortex in schizophrenia. II. Role of neuroleptic
treatment, attention, and mental effort. Arch Gen Psychiatry, 43(2): 126-
35, 1986 Feb.

Jutai, J.W. Spatial attention in hypothetically psychosis-prone college students.
Psychiatry Res. 27: 207-21S, 1989.

Melden, M. J. Diseases of attention and perception. Oxford, New York: Pergammon
Press, 1970, p. 243.

Posner, M.L,, Early, T., Crippin, P. & Reiman, E. Does Schizophrenia involve
a left hemisphere deficit of attention? In preparation.

Schwartz, F., Carr, A.C., Munich, R.L, Glauber, S., Lesser, B. and Murray, J.
Reaction time impairment in schizophrenia and affective illness: The role of
attention. Biol. Psychiatry 25: 540-548, 1989.




Sensory Neglect

Dean, P., and Redgrave, P. The superior colliculus and visual neglect in rat and
hamster. 1. Behavioural evidence. Brain Res. 320(2-3): 129-41, 1984,
Dec.

Gainotti, G., D’Erme, P., Monteleone, D., and Silveri, M. C. Mechanisms of

unilateral spatial neglect in relation to laterality of cerebral lesions. Brain,
109(Pt 4): 599-612, 1986 Aug.

Heilman, K. M. Neglect and related disorders. ???? 268-307.

Ladavas, E. Is the hemispatial deficit produced by right parietal lobe
associated with retinal or gravitational coordinates? Brain,ll0(pt 1): 167-80, 1987
Feb.

Lhermitte, F., Turell, E., LeBrigand, D., and Chain F. Unilateral visual neglect and wave
P 300. A study of nine cases with unilateral lesions  of the parietal lobes. Arch
Neurol. 42(6): 567-73, 1985 June.

Meador, K.J., Loring, D.W., Bowers, D., and Heilman, K.M. Remote memory and
neglect syndrome. Neurology, 37(3): 522-6, 1987 Mar.

Mesulam, M.-M. A cortical network for directed attention and unilateral neglect. The
American Neurological Association, 10:309-325, 1981

Mittleman, G., Whishaw, 1.Q. and Robbins, T.W. Cortical lateralization of function
in rats in a visual reaction time task. Behavioral Brain Res. 31: 29-36, 1988.

Morrow, L.A., and Ratcliff, G. (1987) Attentional mechanisms of in clinical neglect.

Journal of clinical and Experimental Neuropsychology. 9, Number 1,
(Abstract).

Nichelli, P. and Rinaldi, M. Selective spatial attention and length representation in
normal subjects and in patients with unilateral spatial neglect. Brain and
Cognition 9: 57-70, 1989.

Pierson-Savage, J.M., Bradshaw, J.L., Bradshaw, J.A. and Nettleton, N.C.
Vibrotactile reaction times in unilateral neglect. Brain 111: 1531-1545, 1988.

Robertson, I. Anomalies in the laterality of omissions in unilateral left visual neglect:
implications for an attentional theory of neglect. Neuropsychologia 27: 157-
165, 1989.




Viader, F., Cambier, J., Masson, M., and Decroix, J. P. Subcortical neglect:
intentional or attentional? (letter) Arch Neurol. 42(5): 423-4, 1985 May.

Watson, R. T., Valenstein, E., Day, A., and Heilman, K. M. Normal tactile threshold in
monkeys with neglect. Neurology, 36(5): 636-40, 1986 May.

Weintraub, S., and Mesulam, M.M. Right cerebral dominance in spatial attention. Further
evidence based on ipsilateral neglect. Arch Neurol. 44(6): 621-5, 1987 June.

Wilson, B., Cockburn, J., and Halligan, P. Development of a behavioral test of visuospatial
neglect. Arch Phys Med Rehabil. 68(2): 98-102, 1987 Feb.

§g )Matosensory

Hyvarinen, J., Poranen, A., and Jokinen, Y. (1980) Influence of attentive behavior on
neuronal responses to vibration in primary somatosensory cortex of the
monkey. Journal of Neurophysiology 43: 870-882.

Poranen, A., and Hyvarinen, J. (1982) Effects of attention on multiunit respones to
vibration in the somatosensory regions of the monkey’s brain.
Electroencephalography and Clinical Neurophysiology 53: 525-537.

Vision

Fischer, B., and Boch, R. Peripheral attention versus central fixation: modulation of the
visual activity of prelunate cortical cells of the rhesus monkey. Brain Research 345(1):
111-23, 1985 Oct 14.

Fukushima, K. A neural network model for selective attention in visual pattern recognition.
Biol. Cybern. 55, 5-15 (1986).

Kraemer, P. J.,, Mazmanian, D. S., and Roberts, W. A. Simultaneous processing of
visual and spatial stimuli in pigeons. Animal Learning & Behavior, 1987, 15(4):
417-422.

Lasker, A.G., Zee, D.S., Hain, T.C.,, Folstein, S.E., and Singer, H.S. Saccadcs in
Huntington’s disease: initiation defects and distractibility. Neurology, 37(3):
364-70, 1987 March.

Mayfrank, L., Mobashery, M., Kimmig, H., and Fischer, B. The role of fixation and visual

attention in the occurrence of express saccades in man. Eur Arch Psychiatry Neurol
Sci. 235(5): 269-75, 1986.

10




Sagi, D., and Julesz, B. "Where and "what in vision. Science, 228(4704): 1217-9, 1985
June.

Vision - electrophysiology

Braitman, D.J. Activity of neurons in monkey posterior temporal cortex during
multidimensional visual discrimination tasks. Brain Res. 307(1-2): 17-28, 1984 July 30.

Desimone, R,, Schein, S.J., Moran, J., and Ungerleider, G. (1985) Contour, color
and shape analysis beyong the striate cortex. Vision Res. 25:441-452.

Goldberg, M. E., and Bruce, C. J. Cerebral cortical activity associated with the
orientation of visual attention in the rhesus monkey. Vision Res. Vol. 25, No.
3, pp. 471-48l, 1985.

Goldberg, M.E., and Bushnell, M.C. (1981) Behavioral enhancement of visual
responses in monkey cerebral cortex, II. Modulation in frontal eye fields
specifically related to saccades. J. Neurophysiol. 46: 773-787.

Goldberg, M.E., and Robinson, D.L. (1977a). Visual responses of neurons in
monkey inferior parietal lobule: The physiologic substrate of attention and
neglect. Neurology 27: 350.

Goldberg, M.E., and Wurtz R.H. (1972) Activity of superior colliculus in  behaving
monkey: II. The effect of attention on neuronal responses. J. Neurophysiol.
35: 560-574.

Moran, J., and Desimone, R. (1985) Selective attention gates visual processing in the
extrastriate cortex. Science 229: 782-784.

Spitzer, H., Desimone, R., and Moran, J. (1988) Increased attention enhances
both behavioral and neuronal performance. Science, 1S April 1988, Vol. 240,
pp. 338-340.

Wurtz, R.H. (1969) Visual receptive fields of striate cortex neurons in awake
monkeys. J. Neurophysiol. 32: 727-742.

Wurtz, R. H., Goldberg, M. E., and Robinson, D. L. Behavioral modulation of visual

responses in the monkey: stimulus selection for attention and movement. Progress
in Psychobiology and Physiological Psychology. Vol. 9, pp. 43-83.

11




~ A

Waurtz, R.H. and Mohler, C.W. (1976a) Organization of monkey superior alials
enhanced visual response of superficial layer cells. J. Neurophysiol. 39: 745-
7 65.

Waurtz, R.H. and Mohler, C.W. (1976b) Enhancement of visual response in
monkey striate cortex and frontal eye fields. J. Neurophysio. 39: 766772

12




e o o e e A

1
3 Attention: Neurocognitive
Analyses

David S. Oiton

Kevin Pang

Fred Merke!

Howard Egeth

The Johns Hopkins University

Both neural and cognitive systems have considerable plasticity. The same stimu-
lus at different times may elicit different responses depending on the influence of
other variables on the system. The characteristics of this plasticity differ mark-
edly in terms of many parameters: the variables that produce it, how quickly it
occurs, how long it lasts, what stimulus and response systems can be influenced.
and so forth.

The major purpose of this chapter is to compare analyses of plasticity that
have been conducted in the context of memory and attention, with the primary
goal of suggesting ways in which lessons learned from th: analysis of the brain
mechanisms involved in mnemonic processes can be applied to the analysis of
the brain mechanisms involved in attentional processes. Riley has made substan-
tial contributions in the analysis of both memory and attention. Our approach
builds on those contributions, relying heavily on the ways in which cognitive
processes can be analyzed in animals, and extending that approach to the integra-
tion of neural and cognitive analyses of psychological processes.

COMPARATIVE COGNITION

Although comparative cognition is used most often as a term to describe compar-
isons between different species, it is also appropriate for the comparison of two
individuals within the same species because these individuals may differ substan-
tially in their neural mechanisms, genetic background, experience, or other
variables that may influence cognitive processing. Historically, the discussion of
comparative cognition often has begun with a substantial bias toward one partic-
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ular view of the extent to which the individuals being compared are sumilar or
different. This bias may reflect a particular view of evolution, species. cognitive
processes (especially language), genetic background, or any other influential
vaniable. A major contribution of the recent developments in comparauve cogni-
tion is to provide a theoreticai and experimental basis to choose empincally
among the many different aliemative explanations of the differences among
individuals. The general issues involved in comparative cognition have been
discussed extensively elsewhere, both by Riley and by others, and are not re-
viewed here (Riley, Brown, & Yoerg, 1986; Roitbiat, 1987). Rather, the empha-
sis is placed on the application of this approach 10 the analysis of plasticity in
memory and attention, with special emphasis on the importance of comparative
cognition to determine the neural mechanisms underlying cognitive processes.

For the understanding of neural mechanisms invoived in cognitive processes,
comparative research with animals is important for two reasons. First, the brains
of animals differ substantially in many charactenstics, suggesting that some of
the neural mechanisms involved in a given cognitive process must differ from
onc species 1o the next. For example, the hippocampus of both mammais and
birds is involved in memory, but the gross structure of the hippocampus, and its
cellular organization are substantially different in the two species (Olton, 1989;
Sherry & Vaccarino, 1989; Sherry, Vaccarino, Buckenham, & Herz, 1989). An
appreciation of the ways in which the similaritics and differences ot thus brain
area contribute to the similanities and differences in memory between the two
species is critical to determine the ways in which neural systems can mediate
memory. Many characteristics of the brain vary substantially across species.
Consequently, any attempt to describe the general principles invoived in the
neural mechanisms of cognitive processes must include a comparative approach
to encompass this vanability.

A second reason for using comparative approach to study cognitive processes
in animals is to obtain general principles that may hold for the neural mecha-
nisms of cognitive processes in several species of animals, including humans.
Direct access to human brain, both to manipulate it and measure it, is extremely
limited, both in current practice and in the foreseeable future. As long as the
welfare of the individual being studied is more important than the acquisition of
basic knowledge (an cthical position that is so strongly developed that it 1s
unlikely 1o change), detailed information about the necural systems involved in
human cognition cannot be obtained in sufficient detail to resolve fundamental
issues about the relation between mind and brain. The focus of this chapter i1s on
this second approach, the use of animals to identify the general neural mecha-
nisms involved in cognitive process such as memory and attention.

MEMORY

The integration of comparative cognition and neural analyses to understand the
neural systems involved in memory in humans 15 well established. An emprical
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indicator of the extent to which the analysis of memory has been integraied
between humans anc other mammaiian species is the number of cross-references
in articles using one species to data obtained from other species. Informauon
about the three mammalian species most often tested (rats. monkeys, and hu-
mans) is frequently brought together 10 address important issues concerning the
neural mechanisms of memory. For example, recent memory in rats, monkeys,
and humans is impaired following lesions of the hippocampus. These results
~uggest a common function of the hippocampus across spectes. This conclusion
could be obtained only by the free exchange of information between investigators
studying recent memory in the different species. This free interchange of infor-
mation may both reflect the benefits of a comparative approach, and be a catalyst
to stimulate it. Once this interaction is begun, of course, it often continues casily
and may be refined to allow even further integration. This article suggests that
the steps taken to integrate studies of the neural mechanisms of mnemonic
processes may be beneficial to produce a similar integration of the neural mecha-
nisms of attentional processes, and develops this line of thought by first review-
ing the relevant information in memory, and then extending the principles to the
analysis of attention.

The term model has been used often when examining memory 1n animals.
Sometimes. this term is appropriate in the sense that the procedure is designed to
replicate that used in a human. In other cases, it is probably inappropnate
because the memory process itself is of direct interest, whether or not it has been
studied in humans. The term model often implies that a particular standard 1s the
only criterion for being correct. This attitude 1s inappropnate tn most analyses of
comparative cognition because cach analysis may be legitimate 1n its own nght.
For the present discussion, the major purpose is to analyze the commonalities in
memory across different mammalian species, particularly, humans, rats, and
monkeys. In this context, the goal is to provide accurate assessment of a particu-
lar memory process in all three species rather than to adopt a particular procedure
used for a particular species as a model for the other species.

To provide some specific exampies of the general points raised in this discus-
sion, consider the anaiysis of recent memory in mammals. Recent memory
mvolves the recall of previously presented information, usually mawntaming i
within a specific context or episode. It is often assessed by some specific vana-
tion of a delayed conditional discrimination. In this type of discnmination, some
information 1s presented to the individual at the beginning of the tnal, After a
delay, two or more response aiternatives are made available, and the response
that is correct depends on the information that was presented at the beginning of
the trial. In humans, recent memory can be assessed in many ways, some cxam-
ples include reading a specific story and asking for recall of it as in the Wechsler
Adult Intelligence Scaie, or by presenting three specific nouns and asking for
recall of them as in the "Mini-Mental” test (Folstein, Folstein, & McHugh,
1975). In animais, some version of a match to sampie or nonmatch o sample 1s
often used. For example, in an operant box, the stimulus might be either a red or
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reen circle, and the response might be pressing a lever under cither a black
-quare or a black triangle. For a symbolic match-to-sample test, a response to the
Hack square is correct following the red circle as the stimulus; a response to the
lack tnangle is correct following a green stimulus.

An important step in the integration of studies from humans and nonhuman
nammals has been the development of nonverbal tests of recent memory for
umans (Bartus & Dean, 1981; Freedman & Oscar-Berman, 1986; Kesner, Adel-
stein, & Crutcher, 1987; Olton, 1990b; Wright, 1989). A comparison of the
-esults from these nonverbal tests in humans with those from the verbal tests in
numans and with the nonverbal tests in animals can assess the generality of the
-onciusions drawn from experiments with verbal material in humans. Again, the
ability to adapt procedures across different species, without giving primacy to
any one given test in any onc given species, is an important step in integrating the
relevant information (Wright, 1989).

Indeed, a major contribution of comparative cognition has been to emphasize
the importance of abstract cognitive and computational analyses that are con-
ducted independently of particular test procedures. A complication in any com-
parative analysis anses when the concepts or data used for comparison are tied so
closely to s particular experimental procedure that the only way to test the
generality of results from one species to another is to replicate the procedure
exactly. A fundamental goal in assessing cognitive processes is to provide multi-
ple, converging operations so that variabies influencing the empirical processes
of manipulation and measurement can be separated from those influencing the
primary congitive process being studied (Gamer, Hake, & Ericksen, 1956,
Olton, 1990a; Plar, 1964; Rescoria, 1988; Waldrof, 1990a, 1990b).

The comparison across mammalian species for analyses of recent memory has
been subject to considerable discussion, often in the context of animal models of
procedures used for humans. The measurement of normal memory in humans,
and the description of the amnesic syndromes following different types of brain
damage, has been extensive, and has stimulated considerable research with ani-
mals. Conferences, books, and articles typically include references to four differ-
ent areas: experimental psychology (memory 10 normal humans), clinical neuro-
psychology (ammesic syndromes in patients), comparative cognition (memory in
amimals), and physiological psychology (the brain mechanisms involved in mem-
ory). This continued cross-fertilization has led (o considerable agreement about
the cntenia and dimensions that should be used to compare analyses and memory
n different speciex

Independent Variables. The demand on recent memory can be manipulated
parametrically by altering the rask demand. the extent to which a particular
component of a task 1s required for successful performance (Olton, 1989). Task
demand for recent memory can be manipulated by procedures that aiter inter-
ference among the items to be remembered. Several empirical manipulations are
commonly used. The first is increasing the delay/retention interval between
presentation of the stimuli and the opportumity to make responses. The longer
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this delay interval, the greater the demand on recent memory, the worse the
performance following the delay. The second manipulation is the number of
items to be remembered. The greater the number of items presented as sampie
stimuli at the beginning ¢f the trial, the greater the demand on recent memory,
the worse the performance following the delay. The coatext in which a given
stimulus is presented can have a marked effect on the ability to recall that
stimulus. Both the type of trials preceding the current one, and the temporal
intervals in all of the components of the test session, not just the current trial,
may influence interference, and choice accuracy. For example, choice accuracy
on the current trial with a given delay and a different correct response than on the
previous trial may be greater if the intertrial interval is longer, rather than shorter,
because the longer interval reduces interference from the previous trial. Inter-
ference may be produced by stimuii and responses, and probably other compo-
nents of the trial (Oiton & Shapiro, 1992).

In summary, comparative analyses of the neural and cognitive mechanisms
involved in recent memory are helped immensely by sgreement on the paramet-
ric variables that can be used to manipulate task demand for recent memory.
These are sufficiently empirical to reach consensus about what should be done in
a given experiment, yet sufficienty general that the actual manipulations are
castly adapted to testing with any given species.

Conceptual Framework. Considerabie discussion concems the appropriate
taxonomic categorization of memory, and many different theoretical frameworks
have been suggested. Although many of the disagreements are substantial and
require resolution to provide a complete analysis of mnc nwonic processes, suffi-
cient agreement is available that an appropriate conceg: 1al framework for the
analysis of recent memory can proceed. For example, both proactive and retroac-
tive interference are present in recent memory. Proactive interference is the
disruptive effect of previously presented information on the ability to remember
currently presented information. Retroactive interference is the disruptive effect
of currently presenied information on the ability to remember previously pre-
sented information. Serial order effects are also present in recent memory. Pri-
macy and recency, respectively, refer to the more accurate memory for items at
the beginning and end of a list than for items in the middle. Tests of recent
memory in different species can be compared on the extent to which these
different psychological processes are involved (Wright, 1989).

In summary, in addition to the empirical manipulations of recent memory
described in the previous section, theoretical descriptions of recent memory aiso
can be used for comparative purposes. The agreement on the kinds of cognitive
processes that should be observed in -=cent memory permits assessment of the
effectiveness of manipulations of independent vaniables on the desired cognitive
processes.

Evolutionary Factors. When searching for food, ammals can use many dif-
ferent strategies. Discussions of optimal foraging have identified strategies that
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vary in the extent to which they require recent memory. Both birds and rodents
have been studied in the natural habitat to determine the extent to which recert
memory guides their behavior. For example, some birds hoard food by placing
seeds in a cache for a short penod of time to lide the food, and then retum to
obtain 1t. This behavior 1s simular (o that 1n an expenmenually controlied delayed
conditional discnmination, and these birds use recent memory to find their food.
In contrast, other birds do not store food in caches, and use other kinds of
strategies to obtain 1. Simular differences exist among rodents. These analyses
are \mportant because they demonstrate that the natural habitat for an animal can
put demands on recent memory, and that the types of procedures used to assess
recent memory 1n laboratory tests can involve naturally occumng foraging strate-
gies rather than being some unnatural never-before-expenenced challenge 0
memory (Kamil & Balda, 1985; Sherry, 1984, Shettleworth, 1985). lnvoivement
of the hippocampus in natural foraging as well as in laboratory tests of recent
memory provides additional evidence that laboratory procedures can ehcit natu-
ral mnemonic processes (Harvey & Krebs, 1990; Krebs, Sherry, Healy, Perry, &
Vaccanno, 1989; Sherry & Vacanno, 1989. Sherry er al., 1989).

ATTENTION

Several model systems have been developed to assess the neural basis of specific
kinds of attention. However. no large-scale integration of the neural anatysis of
attention has yet been undertaken. As one indicator of the difference in the
maturity of neural analyses of memory and of attention. consider the presenta-
tions at the Society of Neuroscience in 1991, in the slide and poster sessions, 21
were litled “leaming and memory,” and these had subheadings refermng 1o elec-
trophysiology, anatomy, neurochemistry, and other topics. No single session was
labeled “attention.” In the list of keywords, many presentations had the word
learming ot memory listed. whereas only a few had the word atiention histed.
Presentations at the Society for Neuroscience are not the only cnitena to judge the
amount of work being done in a given area, but even if these data are biased for
some unknown reason, they demonstrate such a substannal difference that even
significant quantitative adjustments would not change the picture. The point 15
clear: Much more research is being conducted on the necural analysis of mne-
monic plasticity than on the neural analysis of attentional plasticity.

The reasons for this difference may be many, but one important difference in
the study of memory and attention 1s the availability of expenmental procedures
for animals to assess atientional processes 1n ways that are homologous to those
used in humans. In the study of attention, no analysis equivaient 1o recent
memory, with appropnate independent variabies, psychological constructs. and
ethological considerations, has yet been developed. The semunal work of Riley
and colleagues has made an important step in this direction, showing how an
approach using the principles of comparative cogmition can be applied to the
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study of attention in animals (Bond & Riley, 1991; Brown, Cook, Lamb, &
Ri'sy, 1984; Riley, 1976 Riley & Leith, 1976; Riley & Roitblat, 1976). The
object of the research program that we have just begun is {0 extend the analysis of
attention and develop procedures that can be used for rats and that incorporate the
same features used in experiments for humans. If tests of atention in humans and
rats can be integrated in the same way that tests of memory have been integrated,
then the rich conceptual and empirical body of information developed in the
study of human atiention can be applied to the study of attention in animals,
which then opens the door to an examination of the neural bases of these atten-
tional mechanisms.

EXPECTANCY AND ATTENTION

Expectancy is preparation for a specific event. If the expectancy is accurate and
the event occurs, responding can be more rapid and more accurate (Hick, 1952;
Hyman, 1953). The conceptual framework 1o describe the cognitive processes
involved in expectancy have been developed primanly in analyses of the perfor-
mance of humans in choice reaction time tasks. For the same reasons outlined
previously in the study of memory, facilitation of the comparative analysis o
examine the brain mechanisms involved in expectancy can be accomplished by
using experimental procedures that have the same conceptual framework, opers-
tional procedures, and independent variables in both animals and people. The
experiment described here was a first attempt to begin that unification of proce-
dures (Pang, Merkel, Egeth, & Olton, 1992).

Conceptuaily, the experiment was designed to examine the effects of expec-
tancy on information processing. As described previously, accurate expectancy
for an event should facilitate responding to that event, decreasing reaction ume,
and increasing choice accuracy. The independent vanabie was the relative proba-
bility of two stimulus/response events within each test session. The dependent
variables included rsaction time, choice accuracy, discriminability, and bias. The
procedures used variations of a two-choice reaction time task. For the rats, the
procedures were made as similar as possible to those used in previous experi-
ments with people. For humans, the procedures were as similar as possible to
those used for the rats including the minor variations that were necessary to train
the rats in the task. The procedures for the two species were identical except for
three components: the increased amount of training given to the rats prior to
testing, an cxplicit water reinforcement given to the rats but not the humans, and
the specific equipment used for the testing.

For both species, a trial was initiated by depressing two response keys. After a
variable delay, one of two stimuli, a tone or a light, was presented. For the light,
lifting one response key was correct. For the tone, lifting the other response key
was correct. Within each session, the probability of the two stimuli remained
constant. Across sessions, these probabilities varied: (probability of light/prob-
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ability of tone): 100/0, 90/10, 50/50, 10/90. 0/100. Reaction ume and choice
accuracy were measured, and discriminability and bias were caiculated.

The predictions were as follows. if the probability of a sumulus within a
session alters expectancy, responses to the expected sumulus should be faster and
more accurate, producing 2 bias toward the expected sumulus. If rats. like
humans, respond to changes in stumulus probability by altering expectancy, and
expectancy has sumilar effects on information processing, then the pattern of
results for rats should be similar to those for humans.

The pattern of resuits was similar to that predicted. As the probability of a
specific stimulus increased, reaction time decreased, choice accuracy increased,
response bias increased, and discnminability did not change. This pattern was
similar for both rats and humans, with one exception: For rats, expectancy had
litle effect on responses to the auditory stimulus.

NEURAL MECHANISMS OF ATTENTION

The success of this comparative approach in the study of atention offers the
opportunity to pursuc neural analyses of attention 1n the same way that the neural
analyses of memory have been deveioped. With conceptual and operational
similarity in the approaches taken for the two species, additional behavioral
experiments can be designed to test the extent to which rats and humans use
similar cognitive mechanisms for other types of attentional processes, and then
the neural bases of these can be examined.

The cholinergic projections from the nucleus basalis magnoceliulans (NBM)
to the frontal cortex may have an important influence on some types of attention.
Lesions in this system disrupted divided attention for the temporal discimination
of two stimuli (Olton, Wenk, Church. & Meck, 1988; Ohion, Wenk. & Mark-
owska, 1991). Changes in the cholinergic innervauon of cortical areas altered
receptive fields to somatosensory stimuli (Dykes, Tremblay, Warren. & Bear,
1991). Microinfusion of drugs that aitered cholinergic activity in the NBM al-
tered attentional processes for stimuli in the procedures described here. The
cingulate cortex also may be involved in centain types of divided attention as
indicated by scanning with positron emission tomography (PET) 1in humans
(Corbetta, Miczin, Dobmeyer, Shuiman, & Petersen, 1990). Other anaiyses have
emphasized specific types of attention, such as visual attention related to eye
movements and spatial location (Spitzer, Desimone, & Moran, 1988). Together,
all of these analyses provide clues about the kinds of neural systems that may
underlic attentional processes 1 humans and other mammats.

PLASTICITY

Both attention and memory provide significant plasticity in the nervous system.,
changing the pathways from receptors to cffectors. Currently. the conceptual
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frameworks to descnbe the cogniive mechamisms involved in attenuon and
memory are very different, and as compared to the substanual armount of infor-
mation currently available about the neural mechanisms of memory, hittie infor-
mation is available about the neural mechanisms of attention. What are the
sumilanues and differences in these neural systems? The likelthood of them
differing in fundamental neurobiological mechamisms, such as the flow of jons
across membranes or synapuc currents, is very small, aithough possible. A more
likely difference 1s in localizauon of function. the conjunction of neuroanatom-
cal areas and neurochemical systems that respond to differences in atteauonal
demands and mnemonic demands (Oiton, Givens, Markowska, Shapuo, &
Golski, 1992).

Considering the similanues and differences in the neural mechanisms of aten-
tion and memory can stimulate some useful thinking about attentional processes
n a general cognitive/systematic/computational framework that 1s independent
of the specific expernimental procedures 1 limited theones that have been
proposed so tar. In both cases. the input/c st funcuions of the nervous system
have been changed by the addition of some other vanable, atientional or mne-
monic. How do these changes take place? What do the similanties and differ-
ences 1n neural mechanisms tell us about the distinction in the cognitive pro-
cesses of memory and attention? Can this approach help to unify and integrate
two fields that have developed relatively independently of each other, and most
important, can 1t help to take the success that has charactenzed the neural
analyses of memory and be equivalently successful in the neurai analyses of
attention?

In summary, the comparative analysis of attention in humans and other mam-
mals provides opportunitics to investigate the neural systems underlying atten-
ton. The seminal studies of Riley examining attention 1n animals provide an
important building block for this enterpnise, and if the goais of the research
enterpnise outlined here are achieved, Riley will have provided major links in the
long chain of events leading to this success.
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Ode 10 Al

A retiring professor named Riley,

Like the coyote, had an intellect wiley.
With a voice deep and low,
His wisdom he'd show

With a humor expressed most dryly.
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