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Abstract
Schizophrenia is widely thought to involve deficits of attention. However, the term attention can be
defined so broadly that impaired performance on virtually any task could be construed as evidence
for a deficit in attention, and this has slowed cumulative progress in understanding attention deficits
in schizophrenia. To address this problem, we divide the general concept of attention into two distinct
constructs: input selection, the selection of task-relevant inputs for further processing; and rule
selection, the selective activation of task-appropriate rules. These constructs are closely tied to
working memory, because input selection mechanisms are used to control the transfer of information
into working memory and because working memory stores the rules used by rule selection
mechanisms. These constructs are also closely tied to executive function, because executive systems
are used to guide input selection and because rule selection is itself at key aspect of executive function.
Within the domain of input selection, it is important to distinguish between the control of selection
—the processes that guide attention to task-relevant inputs—and the implementation of selection—
the processes that enhance the processing of the relevant inputs and suppress the irrelevant inputs.
Current evidence suggests that schizophrenia involves a significant impairment in the control of
selection but little or no impairment in the implementation of selection. Consequently, the CNTRICS
participants agreed by consensus that attentional control should be a priority target for measurement
and treatment research in schizophrenia.

Theorists have suggested that schizophrenia involves disorders of attention beginning with the
original clinical descriptions of the illness (1,2). However, the term attention has many
meanings, and impairment in almost any task could be construed as a consequence of a deficit
in attention. The situation is further complicated by the fact that—even when narrowly defined
—attention serves to modulate and enhance the functioning of other cognitive systems (e.g.,
perception, memory, response selection) and interacts extensively with working memory and
executive control systems, making it difficult to isolate the role of impairments in attention
from impairments in these other systems.

The goal of this article is to present a framework for conceptualizing attention that derives from
recent advances from the fields of cognitive psychology and cognitive neuroscience. This
framework can be used to organize both the types of experimental paradigms that are used to
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measure attention and the pattern of impairments found when these paradigms are applied to
patients with schizophrenia. It divides attention tasks according to whether they involve
selection among competing inputs or selection among competing rules, and it makes a key
distinction between the control of selection (i.e., the process of determining which inputs will
be selected) and the implementation of selection (i.e., the process of enhancing these inputs
and suppressing the other inputs). This framework makes it possible to organize the large and
confusing literature on attention in schizophrenia, leading to the hypothesis that schizophrenia
involves an impairment in control but not implementation.

Input Selection versus Rule Selection
Attention as Input Selection

In the most famous definition of attention, William James wrote:

Everyone knows what attention is. It is the taking possession by the mind, in clear
and vivid form, of one out of what seem several simultaneously possible objects or
trains of thought. Focalization, concentration, of consciousness are of its essence. It
implies withdrawal from some things in order to deal effectively with others…
(reference 3, pp. 381–382)

This remains the canonical definition of attention among cognitive psychologists and cognitive
neuroscientists who primarily identify themselves as attention researchers (4). Here we will
call this variety of attention input selection to emphasize that it involves giving a subset of
inputs preferential access to a given cognitive process (i.e., “taking possession by the mind…
one out of…several…possible objects or trains of thought”). The two most common
experimental paradigms for examining input selection in basic science are the spatial cuing
paradigm and the visual search paradigm, as illustrated in Figure 1. In both paradigms,
observers select some sources of input for preferential processing at the expense of others (“…
withdrawal from some things in order to deal effectively with others…”).

The key to understanding input selection is to recognize that it operates primarily when multiple
potential inputs compete for access to a process; otherwise, there would be no need to select
only one potential input. This idea was popularized in the biased competition theory of
Desimone and Duncan (5). According to this theory, inputs to a process compete with each
other for further processing, and attention provides a bias signal that can allow a given input
to win this competition, beating out other inputs that might be even more salient. For example,
low-level sensory inputs in primary visual cortex provide the inputs to higher-level object
recognition processes, and a faint object that is attended can out-compete an unattended bright
object for object recognition (see Figure 2). However, when only one input is present, or when
a highly salient input is the relevant input, no bias signal is needed to allow the relevant input
to win the competition (e.g., a faint object presented alone will be fed into the object recognition
machinery even without any bias from attention). Thus, input selection is most important when
bottom-up salience is not sufficient to allow relevant inputs to win the competition for
processing. In the spatial cuing paradigm, for example, the effects of cue validity are typically
much stronger when the target must be selected from an array of distractors than when the
target is presented in isolation (in which case the only source of competition is noise from other
locations) (6). Similarly, the effects of attention at the single neuron level are stronger when a
target and a distractor are presented simultaneously with a given neuron’s receptive field (7,
8) and when the target needs to overcome the greater salience of the distractor (9). Note that
the key factor is the degree of competition between inputs, not the total amount of information
being processed. When the inputs do not interfere (e.g., because they are spatially separated),
they may be processed in parallel (10,11).
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It is important to note that input selection operates within different neurocognitive systems
depending on the nature of the competition (4). When competition arises at the level of
perception (e.g., in a crowded array of visual objects), attention influences which items are
perceived (12). When competition arises at the level of working memory (e.g., when there is
enough time to perceive all objects but the number of objects exceeds working memory
capacity), attention influences which perceptual representations are stored in working memory
(13). When competition arises at the stimulus-response translation stage (e.g., when multiple
responses must be made in a short period of time), attention influences the prioritization of
information at the stage of response selection (14).

Attention as Rule Selection
The term attention is also used to refer to a different type of process that we call rule
selection, in which the observer must select among different rules that might govern the
operation of ongoing processing rather than selecting among different inputs to the process.
These rules might be either explicit task instructions or prepotent stimulus-response pairings
that arise from extensive experience. The Stroop task (Figure 3A) is a prototypical example of
a rule-selection task. When an observer is asked to name the ink color and ignore the word
form, the name-the-ink-color rule must compete with the highly overlearned read-the-word
rule, and it is the resolution of this competition between rules that is fundamentally responsible
for the slowing of responses when the ink color and word form are incompatible.

As in input selection, competition is key to rule selection. In the Stroop task, for example,
interference in the name-the-ink-color condition is a consequence of interference from the
highly overlearned read-the-word rule. However, the competition is between rules rather than
inputs, because ink color and word form are separable dimensions of the same stimulus and
cannot compete with each other (i.e., a color cannot compete with a shape; interference arises
when the color and shape are translated into incompatible motor responses). In addition,
incompatibility between the ink color and the word form in the Stroop task leads to slowed
responses only when the observers are asked to name the ink color and not when they are asked
to read the word; this sort of asymmetry would not ordinarily be expected when two inputs are
competing with each other. A similar but more obvious case of rule selection is found in the
task switching literature, in which many experiments present digits and require the subjects to
switch between making a parity discrimination (odd or even) and making a magnitude
discrimination (less than or greater than 5 – see, e.g., reference 15). In this case, different rules
are applied to exactly the same information.

It might be tempting to argue that the Stroop task is really an input selection task in which
attention selects either the ink color or the word name as the input to the verbal response system.
However, different rules are necessary to transform an ink color versus a visual word form into
a verbal response, so merely selecting one of these dimensions as the input is not enough to
perform the task. The flankers task (Figure 3B), in which subjects respond to a central letter
and attempt to ignore flanking letters (16), provides a useful contrasting example. In this task,
responses are slowed when the flankers are associated with a different response than the target;
a single rule is used, but a failure of input selection causes this rule to be applied to the wrong
inputs. Thus the flankers task can be considered an example of an input selection task rather
than a rule selection task. This task is complicated, however, by the fact that attention may
operate either at a perceptual level (blocking the perceptual encoding of the flanking letters)
or at a response level (blocking the perceived flanking letters from activating motor responses),
depending on the extent of competition at the perceptual level (17).

It should be noted that, to a first order of approximation, rule selection is accomplished by
prefrontal cortex whereas input selection is accomplished by posterior cortical regions,
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mapping onto the anterior and posterior attention systems described by Posner and Peterson
(18).

Distinguishing Among Attention, Executive Control, and Working Memory
There is a great deal of overlap between conceptions of, and research on, the broad constructs
of attention, executive control, working memory. This partly reflects the extensive interactions
between these broad constructs in most cognitive tasks, and it partly reflects imprecision and
inconsistency in the usage of these terms. However, these terms refer to constructs that can
and should be distinguished.

Attention and Executive Control
A particularly clear definition of executive control was provided by Logan and Gordon (19),
who defined executive processes as those processes whose outputs are the parameters that
control the operation of other processes. For example, a categorization system could be set to
classify an input of “4” as being an even number, as being less than “5”, as being a rhyme of
“door”, as being a vertically oriented shape, etc. Control parameters are necessary to determine
which of these outputs will be provided by the categorization system. In this case, the input to
the executive control system might be the instruction to make a magnitude judgment, and the
output of the executive control system would be the parameters that cause the categorization
system to make a magnitude judgment rather than a parity judgment, rhyme judgment,
curvature judgment, etc.

By this definition, rule selection would be a case of executive control. For example, when a
subject performs the name-the-ink condition of the Stroop task, the role of attention is to send
control parameters to the categorization and motor systems, causing them to implement the
name-the-ink rule and inhibit the read-the-word rule. Consequently, Stroop interference is often
viewed as a consequence of a failure of executive control, and the Stroop task is commonly
used by researchers who are interested in executive control (and much less often by mainstream
attention researchers). Moreover, when Baddeley first articulated the role of the central
executive in his influential model of working memory (20), he indicated that the primary role
of the executive is to override prepotent stimulus-response pairings, which is tantamount to
rule selection. Thus, rule selection can be considered one of the fundamental executive control
processes, and rule selection tasks can be considered examples of executive control tasks. This
is entirely consistent with research practice in cognitive psychology and cognitive
neuroscience.

Input selection processes, in contrast, are not executive control processes. When a letter
presented at a cued location is identified and a letter presented concurrently at an uncued
location is not identified, for example, attention is operating to bias the competition between
the two inputs and not between two rules. This sort of selection will occur even if the letter
presented at the uncued location has never been associated with a specific response. In contrast,
rule selection is important primarily when it is necessary to suppress a response that has
previously been associated with a particular stimulus. However, although input selection is not
a form of executive control, it usually depends on executive control. That is, executive control
systems need to set the parameters of the input selection system so that it will select the task-
appropriate information (e.g., the letter at the location indicated by the cue). However, the
challenging part of an input selection task is the selection of the to-be-attended input and the
suppression of the to-be-ignored inputs, not the activation of the correct rule (which may be
highly prepotent, as in the case of peripheral cues). As we will discuss later, it is possible to
study executive control in the context of input selection tasks by placing different selection
rules in competition with each other.
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Attention and Working Memory
Attention and working memory are bidirectionally related. In one direction, input selection
processes can be used to determine what information is stored in working memory. For
example, a subject can be presented with 5 red letters and 5 blue letters and can be told that
memory for the red letters will probably be tested after a few seconds. In this situation, the
subject may identify all 10 letters but may store only the red letters in working memory (21,
22). In the opposite direction, the contents of working memory may provide a bias signal that
influences input selection (5). For example, when the to-be-detected target changes from trial
to trial in visual search, subjects store the identity of the target in working memory, which
presumably biases selection in favor of this object (23,24).

In addition to representing stimuli, working memory can store task rules (25), and these rules
can be used to control the operation of attention (whether input selection or rule selection). For
example, an individual might be asked to find a red apple in a fruit bowl and put it in the largest
of three boxes, and this might be stored as two rules in working memory (e.g., “select a red
apple” and “put the selected object in the large box.” Limits on working memory capacity
would influence the degree of task complexity that could be handled by a given individual.

Control and Implementation of Selection
As discussed above, executive processes send control parameters to the input selection system
that determine what types of inputs should be selected. These parameters will cause attention
to be focused onto a given input, which in turn causes a facilitation of processing for the
attended input and an inhibition of processing for the unattended inputs. One set of processes
is used to identify the input that should be selected, and another set of processes is used to
produce differential processing of the selected and unselected inputs. We call the first set of
processes the control of selection and the second set of processes the implementation of
selection. In the context of the spotlight metaphor of attention, the control of selection is
analogous to pointing the beam in the correct direction, and the implementation of selection is
analogous to the strength of the beam. The control of selection typically involves prefrontal
and parietal cortices, and the implementation of selection typically occurs within the areas that
process the inputs (e.g., within visual cortex).

Consider, for example, the visual search task shown in Figure 1B, in which the observer must
indicate whether the array contains a green vertical bar. In healthy individuals, attentional
control parameters can be set to favor the color green, allowing these individuals to limit search
to a subset of the items (26). Figure 1C indicates this with circles around the green items, which
indicate that attentional control mechanisms will flag these items for preferential treatment.
However, flagging these items is only half of the problem; selective processing of the flagged
items must somehow be implemented. That is, an additional mechanism must be present that
allows the features of the flagged items to be identified without interference from surrounding
items. This example of the implementation of selection is illustrated by a ring of suppression
around the target item, which allows the features of the target item to be apprehended more
clearly.

This distinction can also be seen in the example shown in Figure 2. Mechanisms of control
determine which of the two letters is flagged, whereas mechanisms of implementation allow
the flagged item to suppress the unflagged items and gain control over processing.

Unfortunately, it can be extremely difficult to separately measure the control and
implementation of selection by means of behavioral measures. If responses are slow or
inaccurate for a given target item, this could be due to a failure to direct attention to this item
or a failure to effectively process this item and filter out distractors once attention has been
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directed to the item. However, control is easier to isolate than implementation because there
are several techniques that can be used to determine whether attention has been misdirected.
For example, if overt shifts of gaze are measured rather than shifts of covert attention, it is
trivial to determine whether attention was directed to the right item or the wrong item (27,
28). Similarly, one can determine whether a salient distractor can attract attention to itself, thus
slowing the allocation of attention to the target (29–31). Many of the best studies of the
implementation of selection involve electrophysiological recordings, which can provide
independent measures of the processing of attended and ignored stimuli (7,8,32).

Selective Disruption of Attentional Control in Schizophrenia
Although control and implementation can be difficult to isolate experimentally, the available
evidence suggests that schizophrenia involves a deficit in the control of selection but not in the
implementation of selection. The evidence for this proposal comes from tasks that stress one
of these factors while making the other factor trivially easy. We will begin by discussing studies
that assess the implementation of selection by making control very easy, and then we will turn
to studies that assess the control of selection by making implementation very easy.

The Implementation of Selection in Schizophrenia
Consider, for example, the spatial cuing paradigm. In most experiments, attention is directed
on the basis of a central or peripheral cue that is clearly visible, with no competition for
attentional control. Because control is trivial in these paradigms, the observed attention effects
presumably reflect the implementation of selection. We have identified 14 studies of
schizophrenia between 1992 and 2002 using variations on this basic task, and in every case the
patients showed a clear reaction time advantage for validly cued targets compared to invalidly
cued targets, indicating that they were able to effectively enhance processing at the cued
location compared to the uncued location (33–46). Although the precise pattern of results varied
to some degree across studies, and deficits were observed under certain conditions in some of
the studies, the overall pattern suggests that the implementation of selection is largely intact
in schizophrenia patients.

A recent series of experiments used an analogous cuing approach to examine the ability of
patients to selectively store relevant information in working memory (47). No matter what kind
of cue was used, both schizophrenia patients and control subjects selectively stored the cued
items in memory and kept the uncued items out of memory. Again, this suggests that the
implementation of selection is not meaningfully impaired in schizophrenia.

The implementation of selection was recently assessed using event-related potentials (ERPs)
in the context of a visual search task (48). Subjects searched for either a red target or a green
target in an array of gray distractor objects, and the attention-related N2pc component (49,
50) was used to measure the allocation of attention to the target. The red and green colors were
highly salient features, making attentional control very easy. However, the implementation of
attention was stressed by requiring subjects to report the shape of the target and by surrounding
the target with distractor objects that were very similar in shape. The N2pc component was
found to be just as fast and just as large in schizophrenia patients as in control subjects. Thus,
the implementation of selection appears to be intact in schizophrenia patients, although it
remains possible that deficits would be observed under conditions that provide a greater
challenge to the selection process (e.g., selecting a low-contrast target among high-contrast
distractors).
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The Control of Selection in Schizophrenia
Some of the best known examples of attentional dysfunction in schizophrenia are from rule
selection tasks, such as the AX-CPT and Stroop tasks (51–53). As discussed above,
impairments in such tasks can be well described as impairments in control. Because input
selection tasks involve both control and implementation, schizophrenia patients may also show
impaired performance in these tasks when they stress the control of selection. For example,
Maruff et al. (54) used a variant of the spatial cuing paradigm in which a cue appearing in a
peripheral location indicated that the target would appear in the opposite visual field. This task
is analogous to an antisaccade task, because it requires the observer to shift covert attention
away from rather than toward the cue. The cue automatically activates a shift of attention to
its location, and this can be considered an example of a prepotent rule (i.e., there appears to be
an automatic shift-attention-to-a-sudden-onset rule in visual perception tasks, which is
analogous to the automatic read-the word rule in the Stroop task). This rule must be overridden
in a top-down manner to produce a shift of attention away from the cue. Thus, this paradigm
leads to the need to inhibit a prepotent rule to activate a task-appropriate rule, much as the
Stroop task requires observers to inhibit the prepotent read-the-word rule and activate the task-
appropriate name-the-ink-color rule. Maruff et al. (54) found that schizophrenia patients were
slowed in this task compared to a task in which the target appeared at the location of the cue,
demonstrating an inability to inhibit the prepotent rule of shifting attention toward the cue.
This is very different from the pattern described above for the standard spatial cuing paradigm,
in which subjects are required to shift attention toward the cued location. Thus, schizophrenia
can lead to deficits in input selection tasks when they involve competition between the rules
that govern the control of selection.

Schizophrenia may also lead to deficits in input selection tasks that require precise control over
attention, even if there is no competition with an incompatible, prepotent rule. For example,
Fuller et al. (55) tested schizophrenia patients and control subjects in four visual search tasks
that required different degrees of attentional control. In one task, the target was defined by a
single feature, but this feature was not very salient, and good control was presumably necessary
to direct attention directly to the target without searching any of the distractors (see Figure 4A).
Patients were strongly impaired in this task. They were also strongly impaired in a task that
required the observers to shift attention back and forth between specific items on the left and
right sides of the display, which also required precise attentional control (see Figure 4D). In
contrast, patients were much less impaired in two tasks for which a random search process was
highly effective, thus minimizing the need for precise control (Figures 4B and 4C). These
different levels of impairment were not associated with the overall difficulty of the tasks, but
were instead associated with the difficulty of the attentional control requirements of the tasks
(see reference 56 for additional evidence of impaired attentional control in visual search).

Conclusions
Almost any task can be considered an attention task, and making sense of the pattern of
impairment across tasks can be challenging. We have suggested two main ways of subdividing
the broad construct of attention that may be helpful in understanding patient performance. First,
we have noted that attention can be used to select between different inputs or to select between
different rules. Second, we have made a distinction between the control of selection and the
implementation of selection. The evidence reviewed here suggests that rule selection and the
control of selection are impaired in schizophrenia whereas input selection and the
implementation of selection are relatively unimpaired (especially when contributions from rule
selection and attentional control are minimized). Consequently, the CNTRICS participants
agreed by consensus that attentional control should be a priority target for measurement and
treatment research in schizophrenia. The distinctions described in this article also help clarify
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the relationships among attention, executive control, and working memory. By subdividing
the broad construct of attention in this manner, we hope that researchers will be able to develop
tasks that more precisely assess the specific neurocognitive deficits that characterize
schizophrenia so that new treatments can be developed and tested.
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Figure 1.
(A) Example of the spatial cuing task. In this version, a cue (a thickening of one of four location
marker boxes) is used to direct attention to one location. After a brief delay, a target array
appears, and the subject indicates whether it contains the letter T. In most experiments, the
target is more likely to appear at the cued location (valid trials) than in an uncued location
(invalid trials). This is largely an input selection task because the cue indicates which input
source is relevant. (B) Example of the visual search task. In this version, the target is a green
vertical bar, and the subjects makes a presence/absence response. This task can be performed
by focusing attention to one item at a time, in random order, until the target is found. It can
also be performed by limiting search just to the green items, which is much more efficient. In
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either case, this is largely an input selection task because—at any given moment—attention is
used to select a subset of the objects for further processing. (C) Distinction between the control
of selection (i.e., limiting attention to the circled items) and the implementation of selection
(i.e., creating an annulus of suppression around the currently selected item).

Luck and Gold Page 12

Biol Psychiatry. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Example of the relationship between competition and attention. When a target object (the letter
T) has no competition (A), it will be processed without any intervention by attention
mechanisms even if it is weakly represented. When multiple objects are present but the target
object is more salient than the nontarget objects (B), the target will automatically inhibit the
other objects and can win the competition even without any help from attention. If, however,
the target is weaker than the nontargets (C), but does not receive any help from attention, it
will be inhibited by the stronger nontargets and lose the competition for representation.
Attention can overcome the low salience of the target object by boosting its signal, allowing
it to inhibit the stronger objects, and thus win the competition (D). According to this view,
attention is necessary only when the relevant object is weaker than, or equal in strength to, the
irrelevant objects.

Luck and Gold Page 13

Biol Psychiatry. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
(A) Example of the Stroop task. Subjects are asked to name the ink color in one condition and
to read the word in another condition. This is primarily a rule selection task, because the rules
for the two tasks interfere with each other rather than the inputs. (B) Example of the flankers
task. In this version, subjects press a left-hand button if the central letter is an A, and they press
a right-hand button if the center letter is a B. On the trial shown here, the task-irrelevant flanking
letters are incompatible with the central letter, which leads to slowed responses if the flanking
letters are not adequately filtered. Although the flankers task is quite similar to the Stroop task,
the flankers task is primarily an input selection because it stresses the need to apply a single
rule to one input and preventing other inputs from being given access to this rule.
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Figure 4.
Visual search tasks used by Fuller et al. (55). The number of items in each stimulus array varied
across trials, and performance was quantified as the slope of the function relating reaction time
to the number of items in the stimulus array. The tasks are shown in order of ascending
difficulty. In tasks A, B, and C, the target was a square with a gap on the left or right side, and
subjects were required to press one of two buttons to indicate the side of this gap. In task A,
the target was the only item with a gap, and performance could be optimized by controlling
the search so that attention was directed immediately to this item rather than shifting randomly
from item to item. In Task B, each item had a gap, making it impossible to use feature
information to guide attention directly to the target. Thus, attention shifts randomly in this
condition even in healthy individuals, and the need for precise attentional control is minimized.
Task C was identical to Task B except that the gaps were smaller, making the task more
difficulty without increasing the need for precise attentional control. In task C, the stimulus
arrays consisted of pairs of items in the left and right visual fields, and subjects were required
to find the one pair of identical items and report the direction of the gap in this pair. This task
requires precise attentional control because an item in one visual field must be compared with
a specific item in the opposite field, require a precise shift of attention to this item.
Schizophrenia patients were most impaired in tasks A and C, the two tasks that stressed the
control of selection.
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