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Decades of research by Patricia Goldman-Rakic have
shaped our current understanding of the functional organi-
zation of the primate prefrontal cortex (PFC). Combining
anatomical, electrophysiological, neuropsychological,
and neuroimaging data from human and nonhuman pri-
mates, Goldman-Rakic’s scientific legacy includes a de-
scription of the PFC as a series of domain-specific, but
computationally similar, processors that participate in
networks consisting of sensory, motor, and limbic areas.
Although the details of her arguments will continue to be
debated, the notion that the PFC supports a computa-
tional mechanism that operates across a variety of do-
mains has penetrated all the current research in this area.
In this review, we will examine evidence about the role
of the PFC in the selection of information across two
broadly construed domains—perceptual and conceptual
representations.

At any given moment, we are bombarded with a wide
array of sensory information, from light hitting our retina
to the sounds of dogs barking in the hallway. How do we
filter out irrelevant information and focus on the task at
hand? What are some of the factors that may affect our
ability to filter out irrelevant information? What are the
consequences of selectively focusing on some information
and not on other? Active investigation of these and related
questions over the last half-century has offered some
possible solutions. In this article, we will briefly review

one of the more prominent theories of visual selective at-
tention and experimental evidence consistent with that
theory (see Logan, 2004, for an extensive treatment of
formal theories; see Luck & Vecera, 2002, for a recent
review of experimental evidence). We then will address
some similar issues in another domain of selection—
namely, selection from among competing conceptual
representations. Finally, we will conclude with a discus-
sion of the possible mechanisms and neural circuitry that
support selection from conceptual representations.

VISUAL SELECTIVE ATTENTION

Consider the popular children’s game “Where’s Waldo?”
In this game, one’s task is to find Waldo in a crowded en-
vironment, such as an amusement park. This game is
sometimes considered to be challenging because there
exist many distracting elements in the picture, including
many Waldo look-alikes. In order to find the real Waldo,
one must attend to task-relevant information and ignore
other irrelevant information in the visual scene, and one
may also use existing information to help guide the search.
For example, one may already know that Waldo always
wears a red-and-white striped shirt and carries a cane.
During visual search, items that are consistent with this
description are likely to attract one’s attention, and items
that are inconsistent with this description are likely to be
ignored (e.g., people wearing blue shirts).

The mechanism involved in filtering out irrelevant in-
formation is often called selection. In the case of visual
attention, selection occurs whenever one must choose
among competing visual inputs. But why is it essential to
filter out unwanted information? Numerous psychologi-
cal studies have indicated that our cognitive system has
a limited capacity and that only a finite number of items
can be processed simultaneously. In other words, our
ability to process information is restricted by our limited
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pool of cognitive resources (e.g., Kahneman, 1973). In
order to conserve resources, we must allocate resources
only to those processes that are most relevant to the cur-
rent goal. Presumably, the more resources dedicated to a
single process, the more efficiently the process can be
accomplished (i.e., it is faster and more accurate). On the
other hand, as the number of items demanding cognitive
resources increases, the resource available for each item
decreases, and search efficiency declines. Therefore, both
the number of items demanding resources and the amount
of resources each item requires can affect information-
processing efficiency.

For example, when presented with an array of letters
visually, subjects are faster at identifying a target as the
number of relevant distractors decreases (e.g., Bunde-
sen, 1990, 1996; Egeth, Virzi, & Garbart, 1984). When
shown an array of green and red letters, subjects’ effi-
ciency at detecting a target (e.g., a red “A”) will be af-
fected by the number of relevant distractors (i.e., red let-
ters), but not by the number of irrelevant distractors (i.e.,
green letters). This is because subjects are successful at
attending to relevant information (i.e., red letters) and ig-
noring irrelevant information (i.e., green letters).

Physical limitations of our visual system also con-
tribute to competition and, thus, the necessity for selec-
tion. For example, when monkeys are shown a preferred
stimulus (i.e., a stimulus that elicits a high firing rate)
and a nonpreferred stimulus (i.e., a stimulus that elicits
a low firing rate) within the same receptive field, the
neuron’s response is the weighted average of the responses
to the two individual stimuli. This observation has been
interpreted as the two stimuli’s interacting in a mutually
suppressive way, and this effect is termed the sensory
suppression effect. This finding suggests that the two
stimuli within the same receptive field are processed col-
lectively and that the smallest visual unit that can be pro-
cessed independently is limited by the size of the recep-
tive field (e.g., Moran & Desimone, 1985).

Kastner, De Weerd, Desimone, and Ungerleider (1998)
used functional magnetic resonance imaging (fMRI) to
investigate the possible role of sensory suppression in
humans. On each trial, subjects were presented with four
colorful, abstract, and complex images, either sequen-
tially or simultaneously. In the sequential condition, each
image was shown in one of four locations, and in the si-
multaneous condition, all four images were shown in all
four locations at the same time (see Figure 1). If the
human visual system were to exhibit sensory suppres-
sion effects, the average response integrated over time
for the sequential condition should be larger than the re-
sponse for the simultaneous condition, because suppres-
sion is expected to occur only when stimuli are presented
simultaneously.

Not only did Kastner et al. (1998) observe a sensory
suppression effect in their subjects, they also reported
that the sensory suppression effect was scaled to the size of
the neuron’s receptive field. Specifically, when compared
with the sequential condition, activation in V1 was similar

in the simultaneous condition (i.e., no suppression effect),
activation in V2 was reduced in the simultaneous condi-
tion (i.e., small suppression effect), and the reduction of
the activation level in the simultaneous condition was
even greater in V4 and TEO (i.e., large suppression ef-
fect). The authors attributed this pattern of data to the
difference in the size of the receptive field for neurons in
these regions. Because receptive fields in V1 and V2 are
small, they would encompass only a small portion of the
display (see Figure 1); however, since receptive fields in
V4 and TEO are larger, they would encompass the entire
display. That is, the more items a receptive field encom-
passes, the higher the level of competition, and the larger
the suppression effect. In a follow-up experiment, when
the spatial separation between the stimuli was increased,
the suppression effect in V4 and TEO diminished, con-
firming that the suppression effect is scaled by the size
of the receptive field and by the number of items en-
veloped within it (Kastner et al., 2001).

Given the limitations of our cognitive system (i.e.,
limited capacity) and of our visual system (i.e., receptive
field size limitation), Desimone and Duncan (1995) pro-
posed a biased competition model of visual selective at-
tention. The authors proposed that when competition
arises, the attentional system’s role is to bias our selec-
tion process by considering both bottom-up and top-
down influences. In addition, there exists an attentional
template, which contains a short-term description of in-
formation that is currently task relevant (e.g., goal–grab
a ripe banana), and information in this template is used
to bias selection. A perceptual stimulus is compared with
the attentional template, and the greater the similarity
between the perceptual stimulus and the attentional tem-
plate, the more bias the stimulus receives. The more bias
the stimulus gets, the higher its competitive weight and
the stronger the inhibitory influence it has over the com-
peting alternatives. Furthermore, the attentional template
is described as a flexible template that can represent any
property (e.g., location, shape, or color) necessary to fa-
cilitate selection. Initial competition occurs within each
domain represented in the template (e.g., spatial–on the
left, shape–the long thing, or color–the yellow thing),
and a winner from one domain will exert an inhibitory
influence over other domains. In other words, inhibitory
effects can be found both within domain and across do-
main, and accumulation of evidence is thought to occur in
parallel. Finally, a winner emerges as a result of converg-
ing evidence from across different domains (see also Dri-
ver & Frackowiak, 2001; Kastner & Ungerleider, 2000).

Consider three items on your kitchen counter—a yellow
banana, a green banana, and a yellow lemon. If your goal
is to grab a ripe banana to make banana bread, your at-
tentional template may include a representation of ripe
banana, which may in turn include color and shape in-
formation. As was suggested earlier, in order to resolve
competition, information from each domain (i.e., color and
shape) contributes to the selection process by updating the
competitive weight of each stimulus. Therefore, in the
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color domain, the yellow banana and the yellow lemon will
receive a boost in their competitive weights, and as a result
of inhibition from the yellow items, the green banana’s
competitive weight will decrease. In the shape domain,
however, both bananas will receive an increase in com-
petitive weights, and the lemon’s competitive weight will
decrease. Cumulative evidence across the color and shape
domains will lead to selection of the yellow banana as
the winner, and it will be selected for further processing.

Neural Circuitry of Selective Attention
Numerous neuropsychological and neuroimaging stud-

ies have provided evidence that visual selective attention

involves a distributed network of primary visual areas
and higher order areas in the frontal and parietal cortices.
Whereas domain-specific competition is thought to occur
locally within domain-selective regions, across-domain
competition is partially resolved by attentional-biasing
mechanisms, which are thought to be mediated by a fronto-
parietal circuit (see Kastner & Ungerleider, 2001, and
Pessoa, Kastner, & Ungerleider, 2003, for reviews; see
also Sylvester et al., 2003, for a recent proposal of the
parietal cortex’s role in attentional allocation and attention
switching). For example, color-selective competition
may occur in V4, motion-selective competition may take
place in V5, and spatial location selection may occur in

Simultaneous condition

Sequential condition

Figure 1. Complex images used in Kastner, De Weerd, Desimone, and Ungerleider’s (1998) fMRI
experiment (original stimuli in color)—simultaneous condition (top panel) and sequential condition
(bottom four panels). Dotted circles represent hypothetical sizes of receptive fields in different ex-
trastriate regions—V1 (inner circle), V2 (middle circle), V4 and TEO (outer circle).
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the parietal cortex. The fronto-parietal network biases in-
formation by exerting inhibitory influence over competi-
tors. It has also been suggested that another brain region,
the lateral PFC, plays a critical role in guiding behavior
by incorporating bottom-up and top-down influences
(see Fletcher & Henson, 2001, and E. K. Miller & Cohen,
2001, for recent reviews). In addition, the attentional
template’s reliance on working memory also suggests the
possible involvement of the lateral PFC (e.g., Desimone
& Duncan, 1995; Fuster, 1973; Fuster & Alexander, 1971;
Goldman-Rakic, 1987; Jacobsen, 1935, 1936).

What Are Some Factors That Affect Selection?
A wide variety of factors affecting selection efficiency

have been identified, and they can be roughly divided into
two classes—bottom-up and top-down influences. Bottom-
up influences refer to qualities that are inherent to the stim-
uli themselves (e.g., size, color, or brightness), and top-
down influences refer to factors that are manipulated by
task instructions or current context. Here, we will briefly
review several bottom-up and top-down factors that have
been shown to influence visual selective attention (see
Luck & Vecera, 2002, for a comprehensive review).

Bottom-up influence: Local homogeneity. Return-
ing to finding Waldo, if everyone else in Waldo’s world
wears black-and-white clothing, finding Waldo will not
be much of a challenge. This phenomenon, called pop-
out, refers to the situation in which a unique target in an
otherwise homogeneous field pops out from the visual
scene (e.g., Green & Anderson, 1956; Treisman & Gelade,
1980). In this situation, as long as the distractors are ho-
mogeneous, the number of distractors present in the field

has little effect on search efficiency (Figure 2A). On the
other hand, in a display with a heterogeneous field, the
number of distractors has a strong influence over search
efficiency (see Figure 2B).

Another way to manipulate homogeneity is by varying
the physical size of the stimuli. For example, Figures 2B
and 2C consist of the same elements with heterogeneous
shapes, but searching for the target (i.e., a circle) in Fig-
ure 2C will be much easier than searching in Figure 2B.
Since the physical size of the circle is disproportionately
larger in Figure 2C, a pop-out effect is expected: The
uniquely large item pops out from a field of homoge-
neous smaller items. In addition to size manipulation,
Treisman and Gormican (1988) reported that hetero-
geneity in other perceptual features, such as brightness
contrast and line length, yielded similar results.

In sum, these studies suggest that the uniqueness of
the target may play a role in visual selective selection. In
a recent study, Pashler and Harris (2001) reported that a
unique item is better detected and also better remem-
bered. In one experiment, subjects participated in a sin-
gle trial, in which they were shown an array of six words
for a brief time and were asked to describe what they
saw. For some subjects, one of the items flashed on the
screen while the others remained static, and for other
subjects, one of the items remained static while the oth-
ers flashed on the screen. Regardless of feature status
(i.e., flashing vs. static), the probability of recalling a
unique item was significantly higher than the probabil-
ity of recalling a nonunique item. Furthermore, the mag-
nitude of the uniqueness advantage was greater for flash-
ing items than for static items. This pattern of results was

Figure 2. Visual search displays. Searching for a target (i.e., a circle) in (A) a
homogeneous scene, (B) a heterogeneous scene, or (C) a display with heteroge-
neous elements and distractors of homogeneous size.
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replicated in a second experiment, in which line draw-
ings and aesthetic judgments were used. Taken together,
these results suggest that both the uniqueness of the tar-
get and the inherent quality (e.g., flashing vs. static) of
the target have an effect on selective attention.

Bottom-up influence: Abrupt stimulus onset/offset.
It has also been reported that sudden onset of a stimulus
can capture attention. The argument is that it is evolu-
tionarily advantageous for us to pay attention to a sudden
onset of a stimulus, because that may indicate the emer-
gence of a predator (Luck & Vecera, 2002). Yantis and
Jonides (1984) investigated the effect of abrupt stimulus
onset with a visual search task in the laboratory. Two trial
conditions were included, an onset condition and an off-
set condition, which defined how the target was pre-
sented in the search display. Across both trial types, the
subjects were always shown a display with three “figure-
eight placeholders” at the beginning of each trial (see
Figure 3, top panel), and they were asked to fixate at the
circle in the center. To create the search display, some of
the lines of each placeholder were removed to create a
letter (e.g., removing the two right vertical lines to cre-
ate the letter “E”). Furthermore, a new letter was intro-
duced simultaneously in the previously unoccupied lo-
cation (see Figure 3, bottom panels). In the example
illustrated in Figure 3, the subject’s task was to detect the
target letter “A” in the search display, and they were told
that the target was equally likely to appear in any of the
four locations. Therefore, the subjects had no incentive
to selectively attend to any of the four locations prior to
stimulus presentation.

If the subjects’ attention were to be captured by abrupt
onset, enhanced performance would be expected if the tar-
get appeared in the previously unoccupied location (i.e.,
onset condition). Furthermore, impaired performance
would be expected if the target appeared elsewhere in the
display, because the subjects must disengage their atten-
tion from the location of the abrupt onset and begin to
search for the target in the other locations (i.e., offset
condition). On the other hand, if abrupt onset did not cap-
ture attention, similar performances would be expected
across all the locations. Indeed, Yantis and Jonides
(1984) found that subjects were faster at detecting a tar-
get when it appeared in the previously unoccupied loca-
tion (i.e., the onset condition) than when it appeared in a
previously occupied location (i.e., the offset condition).
These data support the idea that abrupt onset of a stimu-
lus captures attention.

Although Yantis and Jonides (1984) did not report at-
tentional capture as a result of stimulus offset, J. Miller
(1989) argued that Yantis and Jonides’s results may be
explained by the possibility that stimulus onset may be
more perceptually salient than stimulus offset. Thus, pre-
viously reported behavioral differences between abrupt
onset and offset may reflect a difference in perceptual
salience, rather than inherent differences between abrupt
onset and offset. To test this idea, J. Miller varied the num-
ber of onset features and offset features and found that at-
tention was captured by the greatest amount of overall dis-
play change, even when the change involved offsets only.

Top-down influence: Task set. Attentional capture
in the face of abrupt stimulus onset is generally con-

Figure 3. Visual search displays: examples of stimuli used in Yantis and
Jonides’s (1984) visual search experiment.
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ceived of as involuntary, and it is thought that attentional
capture occurs as a result of the intrinsic properties of
the onset (i.e., the sudden change in stimulus features).
However, recent theorizing has questioned that interpre-
tation. Specifically, Folk and colleagues (Folk & Rem-
ington, 1999; Folk, Remington, & Johnston, 1992; Folk,
Remington, & Wright, 1994) proposed that abrupt onset
of a stimulus does not have priority access to the atten-
tional system per se, but that attentional capture is con-
tingent upon the relationship between the features of the
event that capture attention and the features of the target
that are task relevant. In other words, attention is most
likely to be captured if there is a large overlap between
the features that define the onset and the features that de-
fine the target. They argued that subjects might have
adopted a task set of “onset detection” because onset might
also indicate the presence of a target. However, when

onset does not predict the presence of a target, abrupt onset
is not expected to capture attention. This proposal is
called the contingent involuntary orienting hypothesis.

In a series of experiments, Folk et al. (1992) manipu-
lated feature overlap between the onset and the target in
a spatial-cuing task. In general, in a spatial-cuing task,
subjects are presented with a cue to one of many possi-
ble spatial locations, and the probability of the cue’s
being valid (i.e., a target appearing in the cued location)
varies from experiment to experiment. In Folk et al.’s
(1992) experiments, targets were either characterized by
an abrupt onset (e.g., an “X” appearing in a previously
unoccupied location) or signaled by a color change (e.g.,
a white “X” changing into a red “X”). Furthermore, cues
were characterized either by abrupt onset of small cir-
cles surrounding one of the spatial locations or by a color
change in the small circles surrounding one of the four

fixation display

abrupt onset cue color onset cue

color onset targetabrupt onset target

Figure 4. Spatial-cuing paradigm used in Folk, Remington, and John-
ston’s (1992) experiments. The colored dots and the colored X have been
changed to solid gray dots and a gray X for the purpose of this illustra-
tion.
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locations (see Figure 4). The authors demonstrated that
attention was captured only when the cue and the target
shared the same critical feature (i.e., abrupt onset or
color onset). In other words, attentional capture was
elicited by a task-relevant feature (i.e., a feature within
the task set), not by mere abrupt onset of the stimuli.
This pattern of results suggests an important role for top-
down influence in attentional capture.

Top-down influence: Task instructions. What are
some other ways in which task instructions influence se-
lective visual attention? How might changing the task
from “Where’s Waldo?” to “Where’s the clown?” affect
performance? With these new instructions, it is likely
that an individual’s attentional template will change from
red-and-white striped shirt to giant shoes. As a result, the
attentional system may bias shape and size templates, in-
stead of the color template. Task instructions may also
affect the status of potential competitors. For example,
under the Waldo instructions, other characters wearing
red-and-white striped shirts are potential competitors
and will affect selection, but under the clown instruc-
tions, these same characters are no longer task relevant
and are unlikely to exert influence over search efficiency.
In other words, an item’s status as a competitor can be
changed as a result of task instructions.

In a visual search experiment, Jonides and Gleitman
(1972) explored the effects of category membership on
visual search efficiency. In a series of behavioral exper-
iments, the researchers found that subjects were slower
at visual search when the target and the distractors be-
longed to the same category (i.e., letters) than when the
target and the distractors belonged to different categories
(i.e., letter target and digit distractors). In one condition,
category membership of an ambiguous stimulus (“O”)
was determined by top-down task instructions, not by its
physical characteristics. The subjects were to detect the
target “O” either in a field of letters or in a field of dig-
its. In the same-category conditions, the target “O” was
introduced as the letter “oh” (letter–letter condition) or
as the number zero (number–number condition), and in
the mixed-category condition, the target was introduced
either as a letter in a field of digits or as a digit in a field
of letters. The category effect demonstrated that local
homogeneity of a visual scene could be manipulated by
top-down influence as well.

In a similar experiment, Hamm and Taylor (1997)
used a rapid serial visual presentation (RSVP) paradigm
to explore the same question. In an RSVP task, subjects
are presented with a series of items at a very rapid rate
(e.g., ranging from 6 to 20 items per second) and are
asked to identify a target and to detect a probe within the
stream of stimuli. A classic phenomenon associated with
the RSVP paradigm is that subjects’ ability to detect a
probe on trial n is impaired if they were successful at
identifying a target on trial n � 1. In other words, sub-
jects typically suffer a cost at probe detection if the probe
appears immediately after a target and if the target is cor-
rectly identified.

Hamm and Taylor (1997) explained this phenomenon
as competition from members within the same category.
In most experiments in which probe detection interfer-
ence has been reported, items from the same category
were used for both the probes and the targets (e.g., letter
target and letter probe or number target and number
probe). Since the items are presented at such a rapid rate,
it is likely that the cognitive system has not yet completed
processing of the target when the probe is presented.
Therefore, the probe is left undetected because the sys-
tem is preoccupied. To test this idea, the authors pro-
posed that the probe detection interference effect should
be attenuated if the probe and the target are processed
under different cognitive processors. They suggested
that items from different categories, such as letters and
numbers, would present such a situation, assuming that
items from different categories may be processed in sep-
arate processors.

In one of their experiments, Hamm and Taylor (1997)
manipulated the categorical relationship between the tar-
get and the probe. Whereas the target was always a letter
printed in white, the probe was always an “O” printed in
black. The subjects were asked to identify the white let-
ter and to detect the black “O.” The authors manipulated
the category membership of the “O” stimulus by telling
the subjects that the probe was either the letter “oh” or
the number “zero.” Therefore, the authors were able to
use the same stimulus but still were able to manipulate
stimulus category with top-down processes. A probe de-
tection deficit was found in the same-category condition,
but not in the different-category condition. That is, the
subjects were impaired at detecting the probe when the
target and the probe shared category membership (i.e.,
letter–letter) but not when the probe and the target were
from different categories (i.e., letter–number). These
data demonstrated the importance of top-down influence
over selective attention. In the letter–number condition,
the task instructions biased the attentional system toward
number detection. Thus, number stimuli received higher
weights and exerted inhibitory influence over nonnum-
ber stimuli.

Lexical category has also been shown to affect atten-
tional processes. Using the RSVP paradigm, Staller (1982)
presented subjects with a series of letter strings, and the
subjects were asked to detect a precued word (e.g., chair)
or an anagram of the precued word (e.g., raich). Staller
found a reliable word superiority effect in detection per-
formance. That is, the subjects were reliably better at de-
tecting the precued words than at detecting their ana-
grams. This is evidence suggesting that familiarity and
long-term memory play a role in visual selective atten-
tion. In the context of the biased competition model, it is
likely that familiar items (i.e., real words) have higher
initial competitive weights than do unfamiliar items (i.e.,
nonwords). Thus, the attentional system may be biased
toward selecting the word stimuli.

Chawla, Rees, and Friston (1999) explored the effect
of task instructions on neural activity in extrastriate vi-
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sual areas. Subjects were presented with a monochro-
matic and stationary random-dot display. The subjects
were also told that the dots in the display would change
intermittently to red dots and that the red dots would
move radially. On some trials, pink dots might appear
among the red dots, and some dots might also appear to
move more slowly than other dots. To bias a color atten-
tional set, the subjects were told to detect the presence of
pink dots among the red dots in the display, and to bias a
motion attentional set, the subjects were told to discrim-
inate a set of dots that moved more slowly from among
a set of dots that moved more quickly.

The authors reported enhanced baseline activity in areas
V4 (color area) and V5 (motion area) in response to
color attentional set and motion attentional set, respec-
tively. Importantly, the enhanced baseline activity was
observed even when the color or motion information was
absent from the stimulus (see Buchel et al., 1998, Kast-
ner, Pinsk, De Weerd, Desimone, & Ungerleider, 1999,
and O’Craven, Rosen, Kwong, Treisman, & Savoy, 1997,
for similar findings). In other words, early perceptual
areas are primed by the attentional set for subsequent
processing of task-relevant information. These data are
consistent with the biased competition model, in that the
attentional system is biased toward a specific attribute
(i.e., color or motion), and brain regions selective for
those domains are primed for domain-selective process-
ing by enhancing baseline activity.

Summary. In this section, we described the influence
of bottom-up and top-down factors on visual selective
attention. To summarize, (1) when an item is selected for
further processing, performance is enhanced, (2) unique
items are more likely to be selected for further process-
ing than nonunique items are, (3) attention can be cap-
tured by sudden stimulus onset or offset, (4) effects of
bottom-up factors may be further modulated by top-
down processes, such as task set, (5) task set prepares
early visual areas for a specific type of stimulus, (6) long-
term knowledge may affect interpretation of the same
physical stimulus as a target or as a competitor, and
(7) long-term memory may also bias our attention to-
ward familiar items.

FINDING THE INTERNAL WALDO
Selection From Conceptual Representations

In this section, we will address some issues that pertain
to selection among competing conceptual representa-
tions. We will use the term conceptual to refer to learned,
stable representations of information that is not neces-
sarily immediately present in the environment. This can
be contrasted with perceptual representations of stimuli
that are transiently present in the external environment.
Although the distinction between perceptual and con-
ceptual representations is likely to be fuzzy (and perhaps
is best thought of as a continuum; e.g., representations of
occluded stimuli in the environment), for our present

purposes, we will treat the perceptual–conceptual dis-
tinction as a dichotomy.

Why is it necessary to select among conceptual repre-
sentations? How is selection accomplished? What are
the consequences of failure to select among competing
alternatives? Throughout this discussion, we will draw
parallels to the literature on visual selective attention
when possible, to highlight some of the potential simi-
larities between the mechanisms involved in perceptual
and conceptual selection. Note that we are not arguing
here that a common mechanism subserves both types of
selection. As has been suggested by previous research,
generalizing theoretical models developed in one do-
main to another warrants special caution (e.g., Farah,
1989), and the extent of overlap between the two do-
mains of selection described here remains an empirical
question. In contrast, our goal is to explore how ideas
that have emerged from theoretical and empirical work
in the domain of visual selective attention may inform
our understanding of selection among competing con-
ceptual representations.

An Example of Selection Failure
Perhaps one of the most striking examples of selection

failure is utilization behavior, as exhibited by brain-
damaged patients. Utilization behavior is characterized
by stimulus-driven behaviors, regardless of the appro-
priateness of the action given the situation. For example,

[French neurologist Lhermitte] would invite a patient to a
meeting and place a hammer, nail, and picture on a table
in the entryway. When encountered by this array of ob-
jects, a frontal patient might pick up the hammer and nail
and hang the picture on the wall. In another instance, Lher-
mitte put a hypodermic needle on his desk, dropped his
trousers, and turned his back to the patient. . . . The patient
was unfazed. He simply picked up the needle and gave his
doctor a healthy jab in the buttocks! (Gazzaniga, Ivry, &
Mangun, 2002, p. 548)

In this anecdote, the patient’s behavior was completely
driven by the objects in front of him. When encountered
with a hammer, a nail, and a picture, he automatically
hung the picture on the wall, because the action most
often associated with those objects is hang. This auto-
matic execution of the prepotent response (i.e., the re-
sponse most commonly associated with a given stimu-
lus) can be likened to an internal pop-out effect. In the
framework of visual selective attention, we discussed
pop-out as an automatic response that is driven by the
salience of the stimulus. The salient target is selected be-
cause its baseline competitive weight is the highest. A
similar analogy can be applied to utilization behavior.
Consider the hypothetical conceptual network illustrated
in Figure 5. The action that is commonly activated by the
three concepts is “hang,” which suggests that “hang” is
likely to have a high baseline competitive weight within
this hypothetical network, because it is gaining bias from
all three concepts. The patient’s behavior is considered
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as a selection failure because he failed to select against
the prepotent response. Given the context of the situa-
tion (i.e., someone else’s home), his task set should have
guided him to select against “hang.” In other words, the
patient was unable to inhibit an inappropriate represen-
tation, possibly due to a failure in the biasing mecha-
nism.

Neural Circuitry Involved in 
Conceptual Selection

Inhibition of an inappropriate response is one of many
facets of cognitive control. Cognitive control, a general
guiding mechanism, allows us to adapt our behaviors to
different situations and contexts, instead of behaving in
a way that is completely driven by perceptual stimuli (e.g.,
utilization behavior). There are at least two anatomical
regions linked to cognitive control—the anterior cingulate
and the lateral PFC. Several investigators have suggested
that the lateral PFC guides our behavior by incorporating
top-down attentional bias and bottom-up influences (see
Fletcher & Henson, 2001, and E. K. Miller & Cohen, 2001,
for reviews). On the other hand, the anterior cingulate is
thought to be associated with conflict detection and mon-
itoring (e.g., Botvinick, Braver, Barch, Carter, & Cohen,
2001).

To evaluate the functional dissociations between the
lateral PFC and the anterior cingulate, using fMRI, Mil-
ham et al. (2001) measured neural activity during a color–

word Stroop task. In the color–word Stroop task, sub-
jects are presented with a color word (e.g., red ) printed
in either a congruent ink color (e.g., red ink) or an incon-
gruent ink color (e.g., green ink), and the subjects’ task
is to ignore the identity of the word and to name the ink
color (Stroop, 1935). The classic finding is that subjects
are significantly slower at color naming on incongruent
trials than on congruent trials, because of the conflict pres-
ent in the incongruent stimulus. In addition to manipulat-
ing congruency, Milham and colleagues also manipu-
lated the response eligibility of incongruent color words.
Specifically, in the response-eligible condition, incon-
gruent color words also named ink colors that are possi-
ble responses, and in the response-ineligible condition,
incongruent color words do not name any of the possible
ink colors. For example, if the possible ink colors are
red, green, yellow, and blue, these four words are also
used as incongruent color words on incongruent trials in
the response-eligible condition; on the other hand, in the
response-ineligible condition, these four words appear in
the congruent condition only and are never used as incon-
gruent color words. This manipulation is akin to the task
set manipulation described in an earlier section (cf. the
contingent orienting hypothesis in attentional capture).

Milham et al. (2001) reported that whereas the dorso-
lateral and posterior inferior PFCs are involved in selec-
tion of competing conceptual representations, the anterior
cingulate is recruited only when conflict on a response

hang

pound hit

brown HAMMER fix

metal

silver NAIL sharp

PICTURE

take

frame

develop

drivesecure

Figure 5. Hypothetical conceptual network for the concepts hammer, nail, and picture.



PERCEPTUAL AND CONCEPTUAL SELECTION 475

level is present (see also Barch, Braver, Sabb, & Noll,
2000; Nelson, Reuter-Lorenz, Sylvester, Jonides, & Smith,
2003). Similarly, using a flanker task, van Veen, Cohen,
Botvinick, Stenger, and Carter (2001) also reported that
the anterior cingulate is selectively responsive to re-
sponse conflict, and not to conflict on the level of con-
ceptual representations. The authors suggested that this
pattern of data may be related to the interconnectivity be-
tween the motor system and the anterior cingulate. Taken
together, these data suggest that whereas the lateral PFC
is involved in selection on a conceptual level, the ante-
rior cingulate is involved in selection on a response level.
In the present discussion, we will focus on selection
among conceptual representations and the role of the lat-
eral PFC in this process (see Duncan & Owen, 2000, and
Schumacher & Jiang, 2003, for discussions on how re-
sponse representations compete with each other).

What Are Competing Conceptual
Representations?

In an earlier section, we described visual selective at-
tention as the selection of relevant information from a
cluttered perceptual environment. When selection from
conceptual representations is discussed, it may be help-
ful to think of the mechanisms involved as selecting rel-
evant information from the internal clutter. Similar to
our discussion of visual selective attention, competition
can occur on at least two levels: within domain and across
domains. As is suggested by the biased competition model
of selective attention (Desimone & Duncan, 1995), ini-
tial competition occurs within each domain (e.g., color,
shape, or location), and a winner from one domain exerts
inhibitory influence over other domains. Subsequent
competition across domains will yield a final winner. We
propose that a similar mechanism may be at work in con-
ceptual selection.

For example, consider the simple task of retrieving the
color of an apple when the object is not immediately
available in front of you. Initial competition may occur
within each domain of knowledge, such as color (red vs.
green), size (large vs. small), and action (cut vs. pick).
On the basis of the task instructions, top-down atten-
tional influence will bias competition toward the color
domain, and the winner from the color domain will re-
ceive a boost in its competitive weight and will subse-
quently exert inhibitory influence over other domains. In
other words, in order to select the correct conceptual rep-
resentation, the attentional system must bias selection
toward the task-relevant domain and ignore information
from task-irrelevant domains.

What Are Some Factors That Affect Selection
From Conceptual Representations?

We will begin by considering a series of neuroimaging
experiments reported by Thompson-Schill, D’Esposito,
Aguirre, and Farah (1997), in which the authors manip-
ulated selection demands in different ways across three

semantic tasks—verb generation, object classification,
and semantic comparison. In the verb generation task,
subjects were presented with a noun and were asked to
generate an associated verb as quickly as possible. High-
selection items were nouns with many associated verbs
and, importantly, with no prepotent verb response (e.g.,
rope–tie, hang, cut, or bound). On the other hand, low-
selection items were nouns with few associated verbs or
with a dominant verb response (e.g., scissors–cut). The
critical manipulation was the number of competing verb
responses.

In the object classification task, subjects were pre-
sented with a series of line drawings and were asked to
classify each item on the basis of one of four attributes
(e.g., big vs. small, light vs. heavy, manmade vs. natural,
or expensive vs. cheap). Selection demands in this con-
dition were high because the subjects had to focus on the
relevant attribute of the object (e.g., size) and ignore
other information that was irrelevant for that trial (e.g.,
weight). In the low-selection condition, the subjects were
asked to verify whether a noun presented in fact named
an accompanying picture. In this condition, selection de-
mands were low because any activated information about
the concept could be relevant to the decision; thus, there
was no need to filter out information.

A similar manipulation was used in the semantic com-
parison task. In this task, the subjects were presented
with a triad of words and were asked to decide which of
the two probe words (e.g., tongue and bone) was more
similar to a target word (e.g., tooth). In the high-selection
condition, the subjects were instructed to make the com-
parison along a single dimension (e.g., color), and in the
low-selection condition, the subjects were free to make
a similarity judgment, using any criterion. Thus, in the
high-selection condition, the subjects needed to selec-
tively attend to a single attribute and ignore other, irrel-
evant information, whereas in the low-selection condi-
tion, the need to filter out irrelevant information was
attenuated.

To evaluate the effect of selection demands, Thompson-
Schill et al. (1997) directly compared the high-selection
condition with the low-selection condition and found a
similar pattern of activity across the experiments: Activity
in the left inferior frontal gyrus (LIFG) was modulated
by selection demands. These results suggest that the
LIFG may be a candidate region for conceptual selection
(see also Kan & Thompson-Schill, 2004; Thompson-
Schill, D’Esposito, & Kan, 1999; Thompson-Schill et al.,
1998). As has been described above, the lateral PFC has
also been implicated in guiding behavior such as visual
selective attention. Thus, one might naturally ask whether
the same principles that apply to the control of visual se-
lective attention have relevance to the study of concep-
tual selection.

These three selection manipulations can be described
in terms of the biased competition model of visual se-
lective attention. Consider the comparison of nouns hav-
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ing many associated verbs with those having few associ-
ated verbs: In terms of the biased competition model,
this can be thought of as a manipulation of the initial
competitive weight for each potential verb response. In
the high-selection condition, initial competitive weights
of the potential verb responses were assumed to be sim-
ilar because each noun was not associated with any pre-
potent verb response. Therefore, the degree of competi-
tion was expected to be high. On the other hand, in the
low-selection condition, one of the potential verb re-
sponses had a much higher initial competitive weight
than the other verb responses did, and as such, the de-
gree of competition would be low.

For the remainder of this review, we will consider factors
that affect conceptual selection, borrowing terminology
and distinctions from the literature on visual selective at-
tention. For example, it may be useful to distinguish be-
tween top-down and bottom-up effects on conceptual se-
lection. In this context, bottom-up influences refer to
factors that are inherent to the stimuli themselves (e.g.,
number of competing verb responses), and top-down in-
fluences refer to factors that are manipulated by task in-
structions or recent retrieval history (e.g., type of simi-
larity judgment).

Competition among conceptual representations may
also come in two forms: within domain and across domain.
(Later, we will return to the question of how to describe
conceptual domains.) For example, in the comparison
task, information about one attribute or domain (e.g.,
color) was assumed to compete with information from
other domains (e.g., shape). Thus, in the high-selection
condition, across-domain competition was hypothesized
to be the source of increased selection demands. In con-
trast, in the verb generation task, competition could occur
both within a domain and across different domains: The
task of selecting a single verb response among a large set of
weakly activated action representations (e.g., purr, scratch,
or play) and also irrelevant but activated nonaction rep-
resentations (e.g., dog) could involve both within-domain
(i.e., action) and across-domain competition.

In our initial investigations into the process of con-
ceptual selection, we did not distinguish between top-
down and bottom-up influences on selection, nor did we
systematically vary whether the source of competition
was within domain or across domain. However, when
these effects are considered in light of theories of visual
selective attention, it seems likely that one or both of
these distinctions will prove important in our under-
standing of conceptual selection. For example, our ob-
servation that patients with LIFG damage sometimes err
on the verb generation task by failing to produce any re-
sponse and, at other times, err by producing a nonverb
response might be explained by a failure to inhibit either
within-domain or across-domain competitors, respec-
tively (Thompson-Schill et al., 1998). As we review the
growing body of evidence for conceptual selection, we
will attempt to integrate the conceptual selection litera-
ture with the visual selective attention literature.

Phonological Competition
To date, all of the studies in which the effects of phono-

logical competition on word retrieval have been investi-
gated have examined bottom-up effects on selection. For
example, Desmond, Gabrieli, and Glover (1998) used a
stem completion task to explore the relationship between
LIFG activity and selection within the phonological do-
main. In a stem completion task, subjects were given a
three-letter stem and were asked to generate as many
words as possible that start with those three letters (e.g.,
sta___). The investigators manipulated the number of
possible completions in two conditions (i.e., few vs.
many). They argued that the number of possible com-
pletions was positively correlated with selection de-
mands: Stems with more possible completions will acti-
vate more phonological competitors (e.g., stamp, stand,
stack, or stallion) and will increase selection demands dur-
ing word retrieval, when compared with stems with few
possible completions (e.g., psa___; psalm). Indeed, Des-
mond and colleagues observed increased activity in the
lateral PFC on trials with many completions, as compared
with trials with few completions. Although the local max-
ima observed by Desmond and colleagues in the middle
frontal gyrus is different from that observed by Thompson-
Schill et al. (1997; Thompson-Schill et al., 1999), who
reported local maxima in the inferior frontal gyrus, these
findings are consistent with the general idea that activity
in the lateral PFC is modulated by selection demands (see
also Tippett, Gendall, Farah, & Thompson-Schill, 2004,
for convergent findings from patients with Alzheimer’s
disease).

Lexical Competition
During word retrieval, competition is not limited to

phonological representations. Competition between lex-
ical representations during word production has been in-
vestigated in a number of recent studies. For example,
Robinson, Blair, and Cipolotti (1998) described an apha-
sic patient with lateral frontal damage whose impair-
ments were best described with Luria’s term dynamic
aphasia; an extensive series of experiments indicated
that the patient’s ability to retrieve a word was affected
by the number of competing responses. For example,
when given a stem of a sentence and asked to generate a
single word to complete it, the patient would fail with a
sentence such as “Bob went to the store to buy some . . .,”
although she would succeed with “Bob takes his coffee
with milk and . . .”

One task that has been used extensively to study the
process of single-word retrieval—and the effects of com-
petition thereon—is confrontation picture naming. Con-
sider the animal depicted in Figure 6A. When one is
asked to name that animal, the visual image may trigger
many conceptual representations, and in order to select
the appropriate representation, one must inhibit all other
competitors. How is this task accomplished? In Levelt
et al.’s (1991) model of picture naming, the authors pro-
posed a two-stage model of lexical retrieval. According to
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this model, an input concept is automatically generated
upon perception of an object, and after perceptual analy-
ses of the visual input, a set of semantically driven can-
didate lemmas become activated. These lemmas may in-
clude competing names for the same picture (e.g., parrot
or cockatiel) and/or semantically related competitors
(e.g., peacock or phoenix). A selection process then fol-
lows, from which only one of these alternatives will be
selected, and this is the only item that is encoded phono-
logically and, ultimately, articulated as a response (see
also Fraisse, 1969). Thus, selection demands are higher
for items that elicit multiple representations than for
those items that elicit only one representation (Figure 6B).
However, the precise mechanism of selection was not
discussed in Levelt et al.’s proposal.

In a behavioral experiment, Kremin, Hamerel, Dor-
dain, De Wilde, and Perrier (2000) investigated the rela-
tionship between name agreement and picture-naming
latency. Name agreement refers to the degree of concor-
dance with which subjects name a given picture. For ex-
ample, a picture with 76% name agreement means that
only 76% of the subjects provided the same name for a

given picture (e.g., parrot), and the other 24% gave alter-
native responses (e.g., cockatoo, parakeet, etc.). Kremin
and colleagues proposed that the more competing alterna-
tives there are, the longer it takes to select an appropri-
ate response. Indeed, the authors reported an inverse cor-
relation between name agreement and response latency.

These results may be understood in terms of the bi-
ased competition model as well, which differs from Lev-
elt et al.’s (1991) model of selection as a separate stage
in processing. Perhaps when a stimulus triggers multiple
conceptual representations, those representations enter
into a selection template. Bias is given to the conceptual
representation that is most similar to the perceptual stim-
ulus. Depending on the exact stimulus, various types of
information, such as form and color, may enter into bi-
asing the selection process. Converging evidence across
different domains will generate a winner. Thus, the more
conceptual representations triggered by a stimulus, the
more competition is expected, and the longer it takes for
a winner to emerge.

In a recent neuroimaging study, we proposed that se-
lection among competing picture names is subserved by

(A) (B)

(C)

parrot

cockatoo

cockatiel

parakeet

zebra

high selection > low selection

Figure 6. Examples of (A) high-selection and (B) low-selection items in the context
of picture naming. Panel C depicts greater activity in the left inferior frontal gyrus for
the high-selection condition (low name agreement) than for the low-selection condi-
tion (high name agreement condition; Kan & Thompson-Schill, 2004).
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the LIFG (Kan & Thompson-Schill, 2004). We tested
this idea by varying selection demands as a function of
picture name agreement. We proposed that the number
of competing name alternatives evoked by a picture may
modulate LIFG activity during picture naming, and we
predicted higher LIFG activity in the low name agreement
(high-selection) condition than in the high name agree-
ment (low-selection) condition. Indeed, we found that the
LIFG was sensitive to selection manipulation: Activity in
the LIFG was greater in the high-selection condition than
in the low-selection condition (see Figure 6).

Thus far, all of the effects we have discussed can be
described as bottom-up influences on word retrieval:
Both the number of lexical competitors activated by a
picture and the number of phonological competitors ac-
tivated by a word stem are inherent properties of the
stimuli. However, lexical selection can also be affected
by top-down influences, such as semantic context. For
example, when one is asked to name a picture, the stim-
ulus will trigger names that are associated with that ob-
ject and also other concepts that are associated with the
object. Therefore, other concepts that belong to the same
semantic network are likely to compete with the pictured
concept as well. To artificially increase the degree of
competition, researchers have manipulated the strength
of these competitors by varying the context in which a
picture is to be named.

For example, Damian, Vigliocco, and Levelt (2001)
reported that picture-naming latencies were longer when
the pictures in a series were from the same semantic cat-
egory (e.g., cow, sheep, goat, donkey, and pig) than when
category membership of the pictures in the series was
mixed (e.g., cow, bicycle, dress, scissors, and armchair).
The authors interpreted these results in terms of compe-
tition among coactivated lexical entries (see Vigliocco,
Vinson, Damian, & Levelt, 2002, for similar findings).
As is suggested by Levelt et al.’s (1991) model of picture
naming, a cohort of semantic alternatives is automatically
activated when a picture is encountered. The semantic-
blocking manipulation reinforces an overlapping set of
semantic alternatives, thus increasing the competitive
weight of each item. This semantic blocking phenomenon
may parallel the local homogeneity effect discussed ear-
lier: As homogeneity of distractors increases, search ef-
ficiency decreases.

A similar paradigm has been used to investigate picture-
naming performance in a nonfluent aphasic patient with a
suspected lesion in the anterior left hemisphere (Wilshire
& McCarthy, 2002). Although the patient’s standard
picture-naming performance was preserved, his naming
accuracy decreased dramatically when the stimuli were
blocked by semantic category. This decrement in perfor-
mance as a result of category blocking is similar to that
reported in neurologically intact individuals, as was de-
scribed above (Damian et al., 2001; Vigliocco et al.,
2002). The authors attributed the patient’s deficit to a se-
lection problem. As was suggested earlier, the blocking
manipulation increased the competitive weights of the
competitors; whereas an intact selection mechanism will

be slowed by the increased competition, an impaired se-
lection mechanism may not be able to handle the demand
at all, and thus, an increase in errors is expected.

Semantic Competition
During language comprehension, one must map a lex-

ical representation onto a stable semantic representation;
semantic competition occurs when multiple incompati-
ble semantic representations are activated by a single
lexical item. Although competition occurs to some ex-
tent during the processing of all words, certain words,
such as polysemous words, provide an extreme case of
heightened semantic competition. For example, the word
pen can refer to either the writing implement or a small
confined space for animals. In many cases, one meaning
is more common (i.e., the dominant meaning) than the
other (i.e., the secondary meaning). In addition to mean-
ing dominance, context also affects which meaning is
likely to be selected. For example, Simpson and Burgess
(1985) suggested that when an ambiguous word is en-
countered, activation initially spreads to both word mean-
ings, and initial activation strength is determined by
meaning dominance. The second stage involves context
integration. Consider the ambiguous word pen in the
context of a sentence: The sentence “I went to the sta-
tionery store and bought a pen” will bias the writing im-
plement meaning of the word, whereas the sentence “I
spent a weekend at a farm and saw chickens in a pen”
will bias the secondary meaning of the word. Thus, se-
lection among competing word meanings is affected by
both top-down (i.e., context) and bottom-up (i.e., mean-
ing dominance) processes. Both of these effects can be
understood in terms of the biased competition model:
The initial competitive weight of the meaning will reflect
the frequency (i.e., dominance) of that meaning, but atten-
tional biases can modulate meaning selection to match
the current context. These effects may have a parallel in
the visual selective attention literature, such as Jonides
and Gleitman’s (1972) report of the effects of context on
the interpretation of the ambiguous figure “O” (see also
Hamm & Taylor, 1997).

Numerous other studies have explored factors that af-
fect selection of meaning with lexically ambiguous words
(e.g., Milberg, Blumstein, & Dworetzky, 1987; Sereno,
1995; Swaab, Baynes, & Knight, 2002; Swinney, 1979;
Van Petten & Kutas, 1990); here, we focus on a few re-
cent studies. Metzler (2001) used a semantic priming
paradigm to investigate word meaning selection in pa-
tients with frontal damage. Subjects were presented with
word triplets and were asked to read each word aloud.
Each triplet consisted of a cue word, an ambiguous word,
and a target word. The relationship among the three words
was manipulated, and two different trial types were in-
cluded: concordant and discordant. For example, the cue
word (e.g., biology) would cue one meaning of the am-
biguous word (e.g., cell ), and the target word was either
concordant with the cued meaning (e.g., tissue) or dis-
cordant with the cued meaning (e.g., prison). The am-
biguous words used in the experiment always had two
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balanced meanings; that is, both meanings of the word
would be equally likely to be retrieved if the ambiguous
word were presented alone. The subjects’ response time
on the last word was recorded, and a priming effect was
calculated on the basis of the response time difference
between the concordant and the discordant conditions.

Metzler (2001) argued that if word meaning selection
was accomplished successfully, a facilitation effect on
response times on the last word would be expected in the
concordant condition, when compared with the discordant
condition. For example, with the triad biology–cell–
tissue, reading the word biology would bias the meaning
of cell toward the tissue meaning; therefore, subjects
should be faster at reading the word tissue than the word
prison. Even though prison is related to the jail meaning
of the word cell, that meaning was selected against and
was thus inhibited. Metzler found that whereas neuro-
logically intact control subjects and patients with right
frontal lesions benefited from the cue in the concordant
condition, left frontal patients did not experience facili-
tation. Metzler interpreted the lack of facilitation as an
indication that left frontal patients had problems selecting
one of the two ambiguous meanings. Since both mean-
ings were still active, no facilitation was observed.

Another possible explanation of these data, in terms of
the biased competition model, is that since both mean-
ings of the ambiguous words are balanced, the initial
competitive weights are expected to be similar. In an intact
system, competitive weight of each meaning is biased by
the cue word, and thus there is increasing competitive
weight for the concordant meaning and decreasing com-
petitive weight for the discordant meaning. On the other
hand, the biasing mechanism in an impaired system is
ineffective at updating the competitive weights as a result
of the cue word, and both meanings remain viable.

In addition to an item’s long-term history (e.g., mean-
ing dominance), recent retrieval history also exerts an in-
fluence over meaning selection, because recently re-
trieved items are more likely to have higher competitive
weights than are recently inhibited items. In a series of
behavioral experiments, Shivde and Anderson (2001) ef-
fectively reversed the competitive weights of the domi-
nant and the secondary meanings of an ambiguous word
by manipulating an item’s recent retrieval history. This
was accomplished by asking subjects to repeatedly re-
trieve the secondary meaning of a word.

During the initial exposure, the subjects were shown a
series of word pairs and were asked to judge the related-
ness of each word pair. For each ambiguous word, both
meanings were shown (e.g., bank–money, the dominant
meaning, and bank–river, the secondary meaning). In
the second phase of the experiment, the subjects were
given a cue and were asked to generate the second word
of the pair (e.g., bank–r_____). Feedback was provided
initially to ensure that the subjects retrieved the correct
word. After multiple retrieval of the secondary meaning,
the subjects were given a cue to retrieve the dominant
meaning of the word (e.g., bank–m_____), and response

times on those trials were measured. Shivde and Ander-
son (2001) reported a suppression effect (i.e., longer re-
action time) of the dominant word meaning as a result of
repeated retrieval of the secondary meaning of an am-
biguous word. Furthermore, the magnitude of the sup-
pression effect was scaled to the number of times the
secondary meaning was retrieved. In terms of the biased
competition model, repeatedly retrieving the same mean-
ing of a word is likely to lead to an increase in the repre-
sentation’s competitive weight, which will lead to inhi-
bition of the competitors. Thus, when asked to retrieve
the recently suppressed meaning, the subjects’ response
times were lengthened.

Summary
In this section, we have presented evidence for the in-

volvement of the lateral PFC in selection among concep-
tual representations. As we discussed with visual selec-
tive attention, there are both bottom-up and top-down
influences on conceptual selection. Both types of com-
petition seem to be well accounted for by the biased com-
petition model.

GENERAL DISCUSSION

In this article, we have considered selection mechanisms
that operate in two different domains: visual selective at-
tention and selection among conceptual representations,
with the former focusing on selecting relevant informa-
tion from the external world and the latter dealing with
selection among internal conceptual representations. We
have also attempted to discuss many of the phenomena
observed in the latter case of selection in terms of the bi-
ased competition model (Desimone & Duncan, 1995),
which was initially formulated to explain mechanisms
involved in visual selective attention.

Furthermore, we have proposed that the lateral PFC
may be a candidate region for the mechanism involved in
conceptual selection. Much like visual selective atten-
tion, the role of the lateral PFC is to bias selection to-
ward task-relevant information and to exert inhibitory
control over task-irrelevant information. Given the con-
siderable evidence linking semantic retrieval and the left
temporal lobe (Hodges, Graham, & Patterson, 1995;
Hodges, Patterson, Oxbury, & Funnell, 1992; see Saf-
fran, 2000, and Thompson-Schill, 2003, for reviews), it
is conceivable that the lateral PFC and the left temporal
lobe work in concert during selection from conceptual
representations. The contributions that each of these re-
gions make to conceptual selection may parallel the divi-
sion of labor observed in studies of visual selective at-
tention, where it has been reported that extrastriate visual
areas resolve within-domain competition but association
cortices (frontal and parietal) are recruited in cases of
across-domain competition.

This raises one of several questions that emerge from
this comparison of visual selective attention and con-
ceptual selection: What are the domains of long-term
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conceptual representations? (For competing answers to
this question, see Allport, 1985, and Caramazza & Shel-
ton, 1998.) When discussing across-domain competition
in the case of a semantic comparison task, we equated
domains with attributes of knowledge (e.g., color). How-
ever, without a formal model of the long-term represen-
tations of conceptual information, it is difficult to estab-
lish which types of competition should be considered
within domain and which should be considered across
domain. This remains a question for future investigation.

The attentional template is perhaps one of the most
powerful components of the biased competition model
(Desimone & Duncan, 1995). The attentional template is
formulated as a flexible template that can accommodate
any goal-relevant information that will enhance selec-
tion. It is this flexibility that facilitates our adaptive be-
havior. The attentional template may be capable of rep-
resenting more than stimulus properties, such as color
and shape, and may include information such as word
meaning in the case of conceptual selection. However,
the format in which the attentional template is repre-
sented is underspecified. Is the format propositional, de-
pictive, or both? Or is the format also dependent on the
task at hand, so that one type of stimulus (e.g., words)
will elicit one format (i.e., propositional) and another
type of stimulus (e.g., pictures) will elicit another format
(i.e., depictive)? Answers to these questions may provide
further insight into the interaction between conceptual
and perceptual representations.

As was alluded to earlier, another open question con-
cerns the extent to which the distinction between percep-
tual and conceptual representations should be viewed as a
dichotomy or as two ends of a continuum. There are a num-
ber of potentially relevant differences between the two that
could affect the manner in which competition is reconciled
during the process of selection. For example, given the
transient nature of sensory input from the external world,
relative to the enduring nature of long-term knowledge
structures, one might expect the decay function of activa-
tion to be quite different between these two types of repre-
sentations. The implications of these types of differences
for models such as the biased competition model—and the
extent to which the differences are best described in quan-
titative or qualitative terms—will have to be resolved as
theories of conceptual selection are formalized.

Finally, throughout this review, we have been purpose-
fully vague about the localization of a putative attentional-
biasing mechanism in the frontal cortex for the sake of
simplicity in this first-pass comparison. Although there
is substantial evidence that both visual selective atten-
tion and conceptual selection recruit PFC, no studies
have directly examined the colocalization of these pro-
cesses, in the same group of subjects. Even if one could
argue that the same computational mechanism accounts
for selection of both perceptual and conceptual repre-
sentations and further demonstrate that this mechanism
was subserved by the same brain region in both cases,
there could be functional specializations within the PFC

that reflect the domain—perceptual or conceptual—in
which selection is being biased. Notions of domain-
specific heterogeneity within areas of functional homo-
geneity echo some of the ideas most strongly champi-
oned by Pat Goldman-Rakic during her career. Answers
to this question, along with some of the others raised
throughout this review, will move us closer to an under-
standing of frontal lobe function that Goldman-Rakic
devoted her life to pursuing.
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