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Our ability to retrieve stored information about ob-
jects, concepts, facts, and words (i.e., semantic memory)
has been the subject of much inquiry by cognitive scien-
tists and cognitive neuroscientists; in particular, recent
years have seen an escalation in research in which the
neural mechanisms that mediate the storage and retrieval
of semantic knowledge have been investigated (for a re-
view, see Thompson-Schill,2003). Historically, data from
neuropsychological studies have linked retrieval of se-
mantic knowledge to the left temporal lobe (e.g., Hodges,
Graham, & Patterson, 1995; Hodges, Patterson, Oxbury,
& Funnell, 1992; Saffran & Schwartz, 1994). However,
a number of recent neuroimaging studies have suggested
that the left prefrontal cortex may also be involved in se-
mantic knowledge retrieval (e.g., Petersen, Fox, Posner,
Mintun, & Raichle, 1988; Wagner, Pare-Blagoev, Clark,
& Poldrack, 2001).

There is considerable evidence that blood flow to the
left prefrontal cortex—specifically, the left inferior frontal

gyrus (LIFG)—increases when subjects engage in se-
mantic retrieval tasks. These tasks include word genera-
tion (e.g., Petersen et al., 1988;Raichle et al., 1994), word
categorization(e.g., Demb et al., 1995), and semanticmon-
itoring (e.g., Démonet et al., 1992). If the LIFG indeed
subserves semantic retrieval, one would expect this re-
gion to be recruited in all tasks that require retrieval of
semantic knowledge. However, reports of LIFG involve-
ment in some semantic tasks have been inconsistent. One
such task that has produced ambiguous evidence is the
picture-naming task.

In a typical picture-naming task, subjects are shown a
series of pictures, and their task is simply to produce a
name for each picture. This is considered a semantic task
because it is widely assumed that generating a name for
a picture requires obligatory access to the semantic sys-
tem (e.g., Bookheimer, Zeff iro, Blaxton, Gaillard, &
Theodore, 1995; Caramazza, Hillis, Rapp, & Romani,
1990; Levelt et al., 1991). Given this assumption, the task
has been used to study a wide variety of cognitive phe-
nomenon, including the structure and organization of the
semantic system (e.g., Glaser, 1992; Warrington & Shal-
lice, 1984), the time course of lexical access in speech
production (e.g., Levelt et al., 1991), lexical retrieval in
aphasics (e.g., Goodglass & Stuss, 1979; Kohn & Good-
glass, 1985), and the organization of the memory system
in dementia patients (e.g., Robinson, Grossman, White-
Devine, & D’Esposito, 1996) and in normals (e.g., Rat-
cliff & McKoon, 1996; Spitzer, Kwong, Kennedy, Rosen,
& Belliveau, 1995). However, neuroimaging studies in
which this task has been used have produced inconsis-
tent results: Whereas some studies have reported robust
LIFG activity during picture naming (e.g., Bookheimer
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In recent neuroimaging studies, various tasks have been used to examine prefrontal cortex involve-
ment in semantic retrieval and selection. One such task, picture naming, has yielded inconsistent re-
sults across studies. One potential explanation for this inconsistency is that the magnitude of prefrontal
activity during picture naming depends on the extent to which a given picture evokes a single reliable
meaning. To test this hypothesis, fMRI activity in the prefrontal cortex was measured while subjects
named pictures with either high or low name agreement. In Experiment 1, subjects named black-and-
white line drawings, either covertly or overtly. Across both modalities, we found more left inferior
frontal gyrus (LIFG) activity when the subjects named low-agreement pictures than when they named
high-agreement pictures. No significant difference in head movement was detected between the two
modalities. In Experiment 2, we replicated the effect of name agreement on LIFG activity during pic-
ture naming, using black-and-white photographs. These results provide further support for the idea
that the LIFG mediates selection among competing alternatives and suggest a means for understand-
ing the naming deficits observed in nonfluent aphasia.
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et al., 1995; Murtha, Chertkow, Beauregard, & Evans,
1999; Salmelin, Hari, Lounasmaa, & Sams, 1994), oth-
ers have failed to find significantLIFG activity (e.g., Etard
et al., 2000; Sergent, Ohta, & MacDonald, 1992). What
is the basis for this discrepancy? Several possibilities
present themselves. First, perhaps it is possible to bypass
the semantic system when naming a picture. Thus, if se-
mantic retrieval is not necessary, the LIFG will not be
recruited. Second, as has been suggested by Wagner
et al. (2001), perhaps the LIFG is recruited only when
the retrieval process is controlled and effortful. That is,
the LIFG is involved only when the retrieval process is
not automatic. Thus, the inconsistent results may be at-
tributable to variation in retrieval efforts across different
experiments. Third, the LIFG may not in fact subserve
general semantic memory retrieval but, rather, may be
involved in some other mechanisms that are common to
some of these studies. One such mechanism will be dis-
cussed in detail below.

The first possibility seems unlikely.Data from behav-
ioral experiments have provided ample evidence that se-
mantic knowledge is accessed during picture name re-
trieval. For example, Bajo (1988) reported a reliable
semantic priming effect when picture stimuli were used.
Specifically, subjects were faster at naming a target pic-
ture (e.g., bread) when a semantically related picture
prime (e.g., biscuit) was presented prior to the target than
when a semantically unrelated picture prime (e.g.,
broom) preceded the target. This pattern of data sug-
gested that picture naming activated semantic knowl-
edge that was associated with the concept (see also Lup-
ker, 1988, McCauley, Parmelee, Sperber, & Carr, 1980,
and Sperber, McCauley, Ragain, & Weil, 1979, for sim-
ilar findings). In addition, recent neuroimaging (e.g.,
Murtha et al., 1999; Whatmough, Chertkow, Murtha, &
Hanratty, 2002) and cortical stimulation (e.g., Ilmberger,
Eisner, Schmid, & Reulen, 2001) studies have demon-
strated that when subjects named pictures, brain areas
that are typically involved in semantic retrieval were re-
cruited (i.e., left temporal regions). Collectively, these
data suggest that semantic knowledge activation and re-
trieval is obligatory when picture stimuli are identified.

These types of f indings have been integrated into
many theoretical models of picture naming. In fact, al-
most all accounts of picture naming incorporate a con-
cept activation stage within their models (e.g., Fraisse,
1969; Glaser, 1992; Huttenlocher & Kubicek, 1984;
Levelt et al., 1991). For example, on the basis of a series
of behavioral experiments designed to investigate the
time course of lexical access in picture naming, Levelt
et al. (1991) proposed a two-stage model of lexical re-
trieval: According to their model, an input concept is au-
tomatically generated upon perception of an object, and
after perceptual analyses of the visual input, a set of se-
mantically driven candidate lemmas become activated.
A selection process then follows, from which only one of
these semantically related alternatives will survive, and
this is the only item that is encoded phonologically and,

ultimately, articulated as a response. Fraisse (1969) pro-
posed a similar account, which suggested that unlike
word reading, picture naming is often associated with a
degree of response uncertainty. In many cases, a given
picture may be associated with multiple plausible re-
sponses. In order to select a target response, an individ-
ual must consult with contextual information (e.g., task
instructions).

These models of picture naming highlight not only the
role of automatic semantic retrieval in picture naming,
but also the role of a postretrieval selection process. Since
semantic retrieval during picture naming is generally
considered to be an automatic process, and not an effort-
ful search process, by these models, the second possibil-
ity proposed earlier seems irrelevant in this context.

The notion of a selection stage during picture naming
is related to the third possible explanation offered above
for the inconsistent neuroimaging results with this task:
Perhaps the occasionally observed LIFG activity during
picture naming reflects not semantic retrieval per se but,
rather, this postretrieval selection process. To the extent
that LIFG activity reflects selection demands, the incon-
sistencies in LIFG activation during picture naming
might, in part, be attributable to unintentional variations
in selection demands across picture-naming tasks or
stimuli.

The association of selection with the LIFG has been
demonstrated in both neuroimaging and neuropsycholog-
ical studies. Thompson-Schilland colleagues(Thompson-
Schill, D’Esposito, Aguirre, & Farah, 1997; Thompson-
Schill, D’Esposito, & Kan, 1999; Thompson-Schill et al.,
1998) postulated that LIFG activity is related to the de-
mands of selection of information among competing al-
ternatives, and not to general semantic retrieval per se.
Their first test of this hypothesis utilized functional mag-
netic resonance imaging (fMRI; Thompson-Schill et al.,
1997). Selection demands were manipulated in three se-
mantic tasks that differed in terms of task demand (gen-
eration, classification, and comparison), stimulus type
(pictures and words), and response type (covert produc-
tion and binary decision). Across all three tasks, high se-
lection trials had more competition from semantic alter-
natives than did low selection trials. Patterns of brain
activation produced by these three tasks were compared
within a single group of subjects. All three tasks showed
effects of selection demands in overlapping regions in
the LIFG, with local maxima for the three tasks located
in the same superior–inferior plane and within a few mil-
limeters of each other. The authors concluded that the
magnitude of LIFG activity reflects the degree of selec-
tion among competing alternatives. In a subsequent
fMRI study (Thompson-Schill et al., 1999), in which se-
lection demands and retrieval demands were uncon-
founded, only the former were associated with the mag-
nitudeof LIFG activation.Furthermore, other investigators
have reported similar effects of selection demands in the
LIFG. For example, in an fMRI study, Barch, Braver,
Sabb, and Noll (2000) demonstrated a dissociation
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between selection-dependent activity in the LIFG and
conflict-dependentactivity in the anterior cingulate.

Additional evidence in support of the selection hy-
pothesis has come from a neuropsychological study of
the necessity of the LIFG for selection or retrieval of se-
mantic information. Thompson-Schill et al. (1998) ex-
amined the ability of patients with focal frontal lesions
to perform a verb generation task under high and low se-
lection demands. In this task, subjects were presented
with concrete nouns (e.g., apple) and were asked to gen-
erate associated verbs (e.g., eat). If the LIFG is neces-
sary for semantic retrieval, patients with focal lesions to
the area would be expected to fail at this task. However,
if the LIFG is necessary for selecting information among
competing alternatives, patients with focal lesions to the
area would be expected to show impairment only when
selection demands are high (e.g., cat ® purr, pet, meow,
play), but not when selection demands are low (e.g., scis-
sors ® cut). Patients with focal damage to the LIFG per-
formed within normal range on low selection items but
produced significantly more errors than did control sub-
jects on high selection trials. Furthermore, the number of
selection-related errors was strongly correlated specifi-
cally with the degree of damage to the LIFG, but not
with overall lesion volume. This pattern of impairments
demonstrated that the LIFG is necessary for semantic re-
trieval only under conditions that place high demands on
the ability to select among competing alternatives.

In the present study, we tested the hypothesis that the
magnitude of LIFG activity during picture naming re-
flects variability in selection demands, as indexed by
name agreement. Name agreement refers to the degree
of concordance with which subjects name a given pic-
ture. For example, a picture with a name agreement of
100% means that all the subjects give the same name to
a picture (e.g., book). On the other hand, a picture with
76% name agreement means that only 76% of the sub-
jects provide the same name for a given picture (e.g., stove)
and the other 24% give alternative responses (e.g., oven,
range, etc.).

In order to test this hypothesis,we made the following
two assumptions. First, we assumed that picture naming
involves a selection process. Second, we assumed that
demands for this selection process are variable and that
name agreement is inversely related to selectiondemands.
In other words, selection demands should be higher
when multiple names apply to a single picture than when
a single reliable name comes to mind. For example, con-
sider a picture of a book, as compared with a picture of
a stove: In most cases, the picture of a book will evoke a
single reliable response (i.e., high name agreement). In
contrast, names such as stove, oven, and range may all
come to mind for the picture of a stove (i.e., low name
agreement). Thus, when an individual must make a re-
sponse, demands for selection are lower when naming a
picture of a book than when naming a picture of a stove.
This assumption is consistent with Levelt et al.’s (1991)
two-stage model, described earlier: During picture nam-

ing, a semantic cohort is automatically activated, and a
selection process chooses among competing alterna-
tives. One behavioral implication of Levelt et al.’s (1991)
two-stage model and Fraisse’s (1969) model is that the
more competing alternatives there are for a given picture,
the longer it will take to select an appropriate response.
Accordingly, Kremin, Hamerel, Dordain, De Wilde, and
Perrier (2000) demonstrated that name agreement and
picture-naming latency are negativelycorrelated. Unfor-
tunately, many of the picture-naming neuroimaging stud-
ies neglected to report name agreement data for their
stimuli (e.g., Bookheimer et al., 1995; Sergent et al.,
1992). It is conceivable that the degree of selection de-
mands inadvertently varied from study to study and, as a
consequence, differing degrees of LIFG involvementoc-
curred. In the absence of relevant data for a post hoc
analysis of this hypothesis, we sought direct evidence
from two fMRI experiments designed to compare LIFG
activity during the naming of pictures with high and low
name agreement.

A secondary purpose of the first experiment was to as-
sess the feasibility of collecting verbal responses in the
fMRI environment.The obvious advantage of collecting
verbal responses is the ability to determine whether sub-
jects carried out the task correctly. Asking subjects to
make overt responses, Barch et al. (2000) found that in a
verb generation task, 3 of the 14 subjects performed the
task incorrectly (e.g., generated a verb when asked to
read baseline words). Furthermore, in an event-related
design, trials on which subjects provided incorrect an-
swers can also be removed or analyzed separately (e.g.,
de Zubicaray, Wilson, McMahon, & Muthiah, 2001). De-
spite these advantages, this approach has not been widely
adopted because of the potential artifact associated with
overt responding in fMRI. The general concern is an in-
creased level of head movement associated with overt re-
sponding.

In two fMRI experiments that compared covert and
overt responding, Barch et al. (2000; Barch et al., 1999)
reported minimal absolute head movement associated
with overt responding.By acquiring two consecutive sets
of brain images per trial, Barch et al. (1999) were able to
discard the images acquired during the actual verbal re-
sponses and, thus, minimized absolute head movement
throughout the scan. In the present experiment, we used
a slightly different technique in image acquisition. By
extending repetition time (TR), grouping the pulses at
the beginning of the acquisition period, and carefully
timing stimulus onset, the subjects’ responses should al-
most always occur during the time period in which data
are not being collected (see the Image Acquisition sec-
tion below for more details).

In the following experiments, we explored a potential
explanation for inconsistent observations of LIFG activ-
ity in previous picture-naming studies. Specifically, we
examined the effect of name agreement on LIFG activ-
ity. We proposed that prefrontal activity during picture
naming may be modulated by the number of competing
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name alternatives evoked by a picture. As was stated ear-
lier, we predicted higher LIFG activity in the low name
agreement (high selection) condition than in the high
name agreement (low selection) condition. In addition to
investigating the selection effects in picture naming, we
also examined whether these selection effects differed as
a function of response modality in Experiment 1. In Ex-
periment 2, we assessed the generalizability of our find-
ings to a different class of stimuli.

EXPERIMENT 1

In Experiment 1, we examined the hypothesis that
LIFG activity is modulated by picture name agreement.
Subjects named simple black-and-white line drawings,
either covertly or overtly, in an fMRI experiment. On the
basis of published picture name agreement norms (Snod-
grass & Vanderwart, 1980), pictures were classified as
either high or low in name agreement. In sum, a 2 (name
agreement) 3 2 (response modality) within-subjects de-
sign was used. Thus, we were able to measure both the
effect of varying name agreement on fMRI activity in
the LIFG during picture naming and the extent to which
this effect varied as a function of response modality.

Method
Subjects

Eight paid volunteers from the University of Pennsylvania par-
ticipated in this study. The subjects were 5 males and 3 females,
18–25 years of age (mean age 5 20.3 years). All the subjects met the
following inclusion criteria: They were (1) high school educated,
(2) native English speakers, and (3) right-handed. General exclu-
sionary criteria were (1) history of neurological or psychiatric illness
or (2) current use of medication affecting the central nervous system
(e.g., psychotropic drugs). Informed consent was obtained from all
the subjects, and each subject was paid $20 for his or her participation.

Materials
A total of 192 drawings were used in the experiment, and they

were divided into two sets—high name agreement or low name
agreement—on the basis of the name agreement norms reported by
Snodgrass and Vanderwart (1980). Each picture was presented only
once within each session. Mean name agreement for high name
agreement pictures was 98.38% (range, 95%–100%), and mean
name agreement for low name agreement pictures was 71.42%
(range, 33%–86%). Unpaired t tests revealed a significant differ-
ence in name agreement percentages between the two sets of pic-
tures [t(190) 5 20.37, p , .001] and a significant difference in mean
picture complexity [2.80 for high agreement and 3.10 for low agree-
ment; t (190) 5 22.31, p , .05]. The two sets of pictures were
matched on mean familiarity [3.41 for high and 3.15 for low; t(190) 5
1.88, p . .05] and median Kuc†era–Francis written frequency for pic-
ture names [10.50 for high and 10.00 for low; t(173) 5 0.39, p 5 .70],
on the basis of the normative data reported by Snodgrass and Vander-
wart. Ku†cera–Francis written frequency was not available for 17 low-
agreement items.

To create the abstract line drawings used in the baseline condi-
tion, the set of 192 line drawings used in the picture-naming task
were distorted. Specifically, the following distortion filters in Pho-
toshop 6.0 were used: wavelength 5 10, 90; amplitude 5 5, 35;
type 5 sine; repeat edge pixels. Pilot testing indicated that the dis-
torted pictures were no longer identifiable as real objects. A rec-
tangle was superimposed on top of half of the drawings, and noth-

ing was added to the other half of the pictures. Each distorted pic-
ture was presented only once within each session.

Procedure
Picture-naming task. Each subject was presented with a series

of simple black-and-white line drawings, one at a time, and was
asked to identify the object depicted. In the overt condition, the sub-
jects made their responses aloud, and in the covert condition, the
subjects indicated their responses with bilateral buttonpresses on
the middle two buttons of a four-button response pad. The subjects
were told to respond as soon as they had generated a name for the
picture and to do nothing if they were unable to generate a name
within the time limit.

Baseline yes/no judgment task. In the baseline condition, the
subjects were presented with a series of black-and-white abstract
drawings, and on each trial, the subject’s task was to determine
whether a rectangular box was present. In the overt condition, the
subjects made their “yes”/“no” responses aloud, and in the covert
condition, the subjects indicated their responses with bilateral but-
tonpresses. Half of the subjects pressed the middle two buttons for
a yes response and the outer two buttons for a no response; the other
half of the subjects used the reverse configuration. The subjects
were told to respond as quickly as possible without sacrificing ac-
curacy.

Trial composition . Each trial consisted of an image acquisition
period, fixation, stimulus presentation, and a response period. The
beginning of each trial was synchronized with the onset of the
image acquisition period. After the subjects had looked at a blank
screen with a black background for 1,200 msec, a fixation cross
was presented in the middle of the screen for 150 msec. At the off-
set of the fixation point, the stimulus was presented, which remained
on the screen for 650 msec, and the subjects were given 2,000 msec
to make a response. In order to minimize signal changes induced by
movement associated with overt responding, each stimulus was
presented near the end of the image acquisition period so that the
subjects’ responses were made when images were not being ac-
quired (see Figure 1A).

Trial blocking. A blocked design was implemented. Six trials
made up each experimental block, and 16 blocks of trials made up
each experimental run. The subjects always responded in the same
modality (i.e., either covert or overt) within the same run. In each
experimental run, alternating blocks of picture-naming trials and
baseline trials were presented. Across the picture-naming blocks,
each block alternated between the high name agreement and the low
name agreement conditions (e.g., high agreement, baseline, low
agreement, baseline, high agreement, baseline, low agreement, etc.;
see Figure 2). Within each run, there were 96 trials: 24 high agree-
ment trials, 24 low agreement trials, and 48 baseline trials. There
were two covert runs and two overt runs, for a total of 384 trials in
the entire session. The order of covert and overt runs was counter-
balanced across subjects, and the order of high-agreement and low-
agreement blocks was counterbalanced within subjects.

To ensure that the subjects would perform the correct task and
that they would respond in the proper modality, a task prompt was
shown at the beginning of each block (Picture Naming or Box Pres-
ent?), and a modality prompt was shown at the beginning of each
run (Respond Aloud or Button Press).

Stimulus presentation . Using PsyScope software (Cohen,
MacWhinney, Flatt, & Provost, 1993), the stimuli were presented
with a Macintosh G3 Powerbook connected to an Avotec Silent Vi-
sion visual presentation system (Stuart, FL, www.avotec.org). A
four-button fiber optic response pad connected to the computer was
used to record the subjects’ buttonpress responses in the covert con-
dition, and a Silent Scan auditory presentation system was used to
transmit the subjects’ verbal responses in the overt condition.

Image acquisition . Following the acquisition of saggital and
axial T1-weighted localizer images, gradient echo, echoplanar
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fMRI was performed in 21 contiguous 5-mm axial slices (TR 5
4,000, TE 5 50, 64 3 64 pixels in a 24-cm field of view, voxel
size 5 3.75 3 3.75 3 5 mm), using a 1.5-T GE Signa system
equipped with a fast gradient system and the standard quadrature
head coil. To minimize head motion, foam padding was placed be-
tween the subject’s head and the head coil. Twenty seconds of
“dummy” gradient and rf pulse preceded data acquisition to ap-
proach steady-state magnetization.

Image processing . Off-line data processing was performed
using VoxBo software (www.voxbo.org). After image reconstruc-
tion, the data were sinc interpolated in time to correct for the fMRI
acquisition sequence. A slicewise motion compensation method
was utilized to remove spatially coherent signal changes by the ap-
plication of a partial correlation method to each slice in time
(Zarahn, Aguirre, & D’Esposito, 1997). Additional motion detec-
tion and correction was undertaken using a six-parameter, rigid-
body transformation. None of the subjects had translational motion
that exceeded 2 mm in any plane or angular motion that resulted in
more than a 2-mm displacement.

Image analyses. Voxelwise analysis was performed on each sub-
ject’s data, using a general linear model for serially correlated error
terms (Worsley & Friston, 1995), and an estimate of intrinsic tem-
poral autocorrelation was included within the model (Aguirre,
Zarahn, & D’Esposito, 1997). Furthermore, sine and cosine re-
gressors for frequencies below that of the task (0.0156 Hz) were
also included in the general linear model. Temporal data were
smoothed with an empirically derived estimate of the hemodynamic
response of the fMRI system; this analysis has been empirically
demonstrated to hold the mapwise false positive rate at or below
tabular values (Zarahn et al., 1997).

A random effects group analysis of normalized data from all the
subjects was also performed. For each individual, we derived an un-
thresholded beta-map for the direct contrast of picture-naming tri-
als and baseline trials. These main effect beta-maps were then nor-
malized into a standard coordinate space, using a 12-parameter

affine transformation with nonlinear deformations. Normalization
parameters were derived from each subject’s high-resolutio n
anatomical scan. The maps were then spatially smoothed by con-
volution with a three-dimens ional Gaussian kernel that has a
FWHM of 1.5 3 1.5 3 2.0 (in voxels).

After smoothing and normalization, we defined five functional-
anatomical regions of interest (ROI): the LIFG, the right inferior
frontal gyrus (RIFG), the left temporal lobe, the right temporal
lobe, and the anterior cingulate. Each of these ROIs consisted of
voxels that demonstrated signif icant picture-naming effects within
each anatomically defined region. These ROIs were then used to
examine the effects of name agreement in each response modality.
All voxels within each functionally-anatomically defined ROI were
included in a contrast analysis between high name agreement trials
and low name agreement trials.

Results

Behavioral results
The subjects’ responses were compared with the stan-

dard names provided by Snodgrass and Vanderwart
(1980), so that an index of the level of agreement for
each set of drawings could be calculated. A response
(e.g., book) was considered a match if it was the most
common name given in the Snodgrass and Vanderwart
norms. Overall agreement percentages across subjects
and across items were then calculated.

As a group, the subjects produced significantly higher
response agreement in the high-agreement condition
(M 5 94.8%) than in the low-agreement condition (M 5
79.9%), and the difference between conditions was sig-
nificant [t (7) 5 6.95, p , .001]. The name agreement
effect was also significant across items [high name

Figure 1. Trial composition for (A) Experiment 1 and (B) Experiment 2.
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agreement items, M 5 94.0%; low name agreement
items, M 5 79.2%; t (190) 5 5.04, p , .001]. This con-
firmed that the name agreement manipulation was ef-
fective. These data were derived from only the overt tri-
als, because it was not possible to evaluate the subjects’
naming responses in the covert condition. However,
across all of the counterbalancing conditions, all the pic-
tures were included in this analysis. Performance on
baseline items derived from high-agreement pictures did
not differ from performance on baseline items derived
from low-agreement pictures [M diff 5 20.30; t (7) 5
20.33, p 5 n.s.].

Due to technical constraints, we were unable to col-
lect reaction time (RT) data from these subjects in the

overt condition.Therefore, behavioraldata were collected
from an independent group of 20 subjects outside the
scanner. These subjects were drawn from the same pop-
ulation as the experimental subjects. Response agree-
ment and RTs from these subjects were compared be-
tween conditions. Name agreement manipulation was
again shown to be effective, both across subjects and
across items. A paired t test across subjects’ responses
showed a significant difference between the high name
agreement (M 5 93.4%) and the low name agreement
(M 5 62.6%) conditions [t (19) 5 11.9, p , .001]. An
unpaired t test across items also showed a significant dif-
ference between the high name agreement (M 5 95.8%)
and the low name agreement (M 5 68.0%) conditions

Figure 2. Pictorial depiction of trial types in Experiment 1.
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[t (190) 5 9.98, p , .001]. Furthermore, the subjects’
performances on the two baseline conditions were com-
parable [t (19) 5 0.01, p 5 n.s.]. Again, the agreement
data were derived from the overt trials only.

To examine the RT data, a 2 (modality) 3 2 (agree-
ment) repeated measures analysis of variance was per-
formed. A significant modality 3 agreement interaction
was found [F(1,19) 5 5.66, p 5 .03]. As is depicted in
Figure 3, this is an ordinal interaction; that is, the mag-
nitude of the agreement effect (low name agreement RT
minus high name agreement RT) differed between the
two response modalities, but the direction of the effect
was the same. Specifically, the agreement effect was
larger in the overt condition (M diff 5 107 msec) than in
the covert condition (M diff 5 44 msec). Furthermore,
pairwise t tests showed that both of these agreement ef-
fects were statistically significant ( ps , .003).

fMRI Results
To identify a significant main effect of picture naming,

all the picture trials were compared with all the baseline
trials. In both conditions,all 8 subjects showed significant
increases in fMRI activity during the picture-naming
condition, relative to the baseline condition (mapwise
t . 3.5). Specifically, in the covert condition, all 8 sub-
jects showed increases in fMRI activity during the pic-
ture generation condition, as compared with the baseline
condition, in the following areas: bilateral temporal areas,
bilateral frontal areas, the right paracentral lobule, and
the anterior cingulate. In the overt condition, all 8 sub-
jects showed increases in fMRI activity during the pic-

ture generation condition, as compared with the baseline
condition, in these areas: bilateral temporal areas, the
left frontal lobe, bilateral occipital areas, bilateral pari-
etal areas, and the anterior cingulate.

The regions included in the functional-anatomical
ROI analysis are illustrated in Figure 4. As a group, in
the covert condition, the subjects showed greater LIFG
activity for the low name agreement (high selection)
condition than for the high name agreement (low selec-
tion) condition[M effect size 5 2.29; t(7) 5 4.56,p 5 .03].
In the overt condition, the subjects also showed greater
LIFG activity for the low name agreement (high selection)
condition than for the high name agreement (low selec-
tion) condition [M effect size 5 2.32; t (7) 5 2.32, p 5
.03]. To investigatewhether the selectioneffect is specific
to the LIFG, four additional regions were examined: the
RIFG, the left temporal lobe, the right temporal lobe,
and the anterior cingulate.The RIFG would allow for ex-
ploration of a potential laterality effect, and the bilateral
temporal areas were chosen because these areas are typ-
ically associated with retrieval of semantic knowledge
via pictorial stimuli. Furthermore, the anterior cingulate
was included because previous studies had shown its in-
volvement in conflict monitoring and evaluation, which
is a process closely related to selection (Barch et al.,
2000; Carter et al., 2003). In both response modalities,
among the five functional-anatomical ROIs, the selec-
tion effect was significant in the LIFG only (see Table 1).
Although the selection effect in the anterior cingulate in
the overt condition was significant at p , .05, it did not
survive our correction for multiple comparisons. With

Figure 3. Mean reaction time (in milliseconds) as a function of exper-
imental conditions in a separate behavioral experiment conducted out-
side of the scanner. A group of 20 independent subjects were recruited.
One standard error of the mean is indicated above each bar.
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four post hoc ROIs (i.e., the RIFG, the left temporal lobe,
the right temporal lobe, and the anterior cingulate), the
corrected threshold was p , .01.

Mean Geometric Displacement
To determine potential artifacts related to head move-

ment, mean geometric displacement of images was cal-
culated for each subject. This index indicates the ab-
solute displacement of each image from the reference
image. The first image of each run was designated as a

reference image, and the absolute displacement of each
subsequent image from the reference image was calcu-
lated. Thus, a total of 95 comparisons were performed
for each run, and a total of 190 comparisons were made
for each response modality. Averaged across the 8 sub-
jects, the mean geometric displacement values were
0.18 mm for the covert condition and 0.16 mm for the
overt condition. A pairwise t test did not show a signifi-
cant difference in mean geometric displacement between
the two groups [t (7) 5 0.75, p 5 .48].

Figure 4. Functionally-anatomically defined regions of interest in the
left inferior frontal gyrus, the right inferior frontal gyrus, the left tem-
poral lobe, the right temporal lobe, and the anterior cingulate. Panel A
portrays data from the covert condition, and panel B portrays data from
the overt condition. All voxels depicted demonstrated a significant main
effect of picture naming.Orange/red, low name agreement . high name
agreement; blue, high name agreement . low name agreement.

(A) Covert Condition

(B) Overt Condition
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Discussion
In Experiment 1, we examined the hypothesis that the

degree of prefrontal activity during picture naming is de-
pendent on the extent to which a given picture evokes a
single reliable meaning. We observed greater activity in
the LIFG during naming of pictures with low name agree-
ment (high selection) than for those with high name
agreement (low selection). This pattern of data was con-
sistent across both response modalities.Furthermore, we
also observed a marginal selection effect in the anterior
cingulate, but only when the subjects named the pictures
overtly. We will explore the implications of these data
below in the General Discussion section.

The secondary objective of this study was to examine
the practicality of collecting overt responses in an fMRI
setting. One potential artifact associated with overt re-
sponding in fMRI is increased head movement. Consis-
tent with findings reported by Barch et al. (2000; Barch
et al., 1999), we found minimal absolute head movement
in the overt condition. In fact, the amount of absolute
head movement was comparable between the two re-
sponse modalities. Thus, it seems that collecting verbal
responses in fMRI is more plausible than was previously
thought. In addition to being able to assess whether the
subjects complied with our task instructions, we were
also able to evaluate and confirm our selection demand
manipulation empirically.

EXPERIMENT 2

In Experiment 2, we attempted to generalize our find-
ings to a different set of stimuli. Although the black-and-
white line drawings (Snodgrass & Vanderwart, 1980)
used in Experiment 1 have been widely used in many dif-
ferent experiments, it is possible that black-and-white
line drawings are inherently ambiguous and, thus, may
lead to potentially superfluous agreement and selection
effects. In Experiment 2, we examined this potential con-
found by replicating Experiment 1 with photographs of
real objects. Aside from a few exceptions—stimulus
type and response modality—we employed essentially
the same design in Experiment 2 as that in Experiment 1.

Method
Subjects

Ten paid volunteers from the University of Pennsylvania partic-
ipated in this study. The subjects were 4 males and 6 females, 18–25
years of age (mean age 5 21.3 years). Six were left-handed and 4
were right-handed, as determined by the Edinburgh Handedness In-
ventory (Oldfield, 1971). The inclusion of left-handed subjects will
be the topic of a separate report and will not be discussed in this ar-
ticle. All the subjects met the following inclusion criteria: They
were high school educated and were native English speakers. The
same exclusionary criteria as those used in Experiment 1 also ap-
plied here. Informed consent was obtained from all the subjects,
and each subject was paid $35 for his or her participation.

Materials
A total of 144 black-and-white photographs of real objects, gath-

ered from various sources on the Internet, were used in the experi-
ment. The photographs were divided into two sets—high name
agreement or low name agreement—on the basis of norms col-
lected in a Web-based pilot experiment (n 5 32). In the pilot ex-
periment, the subjects were shown a total of 207 black-and-white
photographs and were asked to name each picture. The experiment
was self-paced. Name agreement for each picture was calculated,
and the data were used to facilitate stimulus selection.

A final set of 144 photographs was selected; mean name agree-
ment for high name agreement photographs was 95.83% (range,
88%–100%), and mean name agreement for low name agreement
photographs was 63.42% (range, 34%–88%). An unpaired t test re-
vealed a significant difference in name agreement percentages be-
tween the two sets of photographs [t (142) 5 18.97, p , .001].

In a second pilot experiment, 12 additional subjects named the
set of 144 photographs, one at a time, and their RTs were collected.
Across subjects, the mean RT for high name agreement photographs
was 1,004 msec and the mean RT for low name agreement pho-
tographs was 1,153 msec. A paired t test revealed a significant dif-
ference in mean RTs between the two sets of photographs [t (11) 5
5.83, p , .001], and this difference was also significant across
items [t (142) 5 5.54, p , .001].

As in Experiment 1, we used a set of abstract photographs in the
baseline condition. The abstract photographs were created with the
following distortion filters in Photoshop 7.0: number of genera-
tors 5 5; wavelength 5 minimum of 10 and a maximum of 50; am-
plitude 5 minimum of 5 and a maximum of 60; type 5 sine; repeat
edge pixels. The same rectangle detection task as that in Experi-
ment 1 was used.

Procedure
The general procedure was identical to that in Experiment 1, with

the following exceptions: response modality, trial composition, stim-
ulus presentation equipment, image acquisition, and image process-
ing. Only one response modality (overt) was included in this exper-
iment. Furthermore, the trial composition was slightly different.

Trial composition . Each trial consisted of an image acquisition
period, a task prompt, f ixation, stimulus presentation, and a re-
sponse period. The beginning of each trial was synchronized with
the onset of the image acquisition period. After the subjects had
looked at a blank screen with a white background for 750 msec, a
task prompt (e.g., Name or Box?) was presented and remained on
the screen for the remainder of the trial. A fixation cross was pre-
sented in the middle of the screen 750 msec after the onset of the
task prompt for 500 msec. At the offset of the fixation point, the
photograph was presented, which remained on the screen for the
rest of the trial (2,000 msec). In order to minimize signal changes
induced by movement associated with overt responding, each stim-
ulus was presented near the end of the image acquisition period, so
that the subjects’ responses were made when images were not being

Table 1
Random Effects Group Analysis of Five Separate Functionally-

Anatomically Defined Regions of Interest in Experiment 1
(Low Name Agreement 2 High Name Agreement)

Response Modality

Overt Responding Covert Responding
Region of Interest (Mean Effect Size) (Mean Effect Size)

Left inferior frontal gyrus t (7) 5 2.32* t (7) 5 2.29*
Right inferior frontal gyrus no active voxels t (7) 5 0.41
Left temporal lobe t (7) 5 1.78 t (7) 5 1.81
Right temporal lobe t (7) 5 1.82 t (7) 5 20.41
Anterior cingulate t (7) 5 2.35* t (7) 5 0.61

*p , .05.
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acquired (see Figure 1B). Lastly, with the exception of eliminating
presentation of a task prompt at the beginning of each block, trial
blocking was the same as that in Experiment 1 (see Figure 5).

Stimulus presentation . Using PsyScope software (Cohen et al.,
1993), the stimuli were presented with a Macintosh G3 Powerbook
connected to an Epson 8100 3-LCD projector, which was housed
inside a custom RF shield box. The image was projected onto a
Mylar rear projection screen at the back of the scanner bore, and
the subjects viewed the image through a mirror mounted on the
head coil. The subjects’ overt responses were transmitted via an
Avotec Silent Scan auditory presentation system (Stuart, FL, www.
avotec.org).

Image acquisition . Following the acquisition of saggital and
axial T1-weighted localizer images, echoplanar fMRI was per-
formed in 42 contiguous 3-mm axial slices (TR 5 4,000, TE 5

30 msec, 64 3 64 pixels in a 24-cm field of view, voxel size 5 3 3
3 3 3 mm), using a 3.0 Tesla Siemens Trio system and a USA In-
struments 4-channel head coil. To minimize head motion, foam
padding was placed between the subject’s head and the head coil.
Twenty seconds of “dummy” gradient and rf pulse preceded data
acquisition to approach steady-state magnetization.

Image processing. The procedures involved in off-line data pro-
cessing were identical to those described in Experiment 1, with the
exception of normalization. In Experiment 2, raw data for all the
runs from each subject were transformed to standardized MNI
space (Evans et al., 1993).

The procedures involved in the random effects group analysis
were similar to those described in Experiment 1. In Experiment 2,
normalization was performed on each individual’s raw data prior to
group analysis. For each individual, we derived an unthresholded

Figure 5. Pictorial depiction of trial types in Experiment 2.
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beta-map for the direct contrast of picture-naming trials and base-
line trials. The maps were then spatially smoothed by convolution
with a three-dimensional Gaussian kernel that had a FWHM of 2.67
3 2.67 3 3.00 (in millimeters).

After smoothing and normalization, we defined a functional-
anatomical ROI in the LIFG. As in Experiment 1, in order to deter-
mine the specif icity of the agreement effect, we examined four ad-
ditional regions: the RIFG, the left temporal lobe, the right temporal
lobe, and the anterior cingulate. The ROIs consisted of voxels that
demonstrated significant picture-naming effects. These ROIs were
then used to examine the effects of name agreement. All voxels
within each functionally-anatomically defined ROI were included
in two contrast analyses between high name agreement trials and
baseline trials and between low name agreement trials and baseline
trials.

Results
Behavioral Results

The subjects’ responses were compared with the names
collected in the norming study, so that an index of agree-
ment for each set of photographscould be calculated.The
procedure used to calculatename agreement was identical
to that in Experiment 1.

A paired t test of the subjects’ response agreements re-
vealed a significant difference between the high name
agreement (M 5 85.8%)and the low name agreement (M 5
54.7%) conditions [t(9) 5 18.34, p , .001], and this dif-
ference was also significant across items [t(142) 5 6.97,
p , .001]. This confirmed that the name agreement ma-
nipulation was effective. Performance on baseline items
derived from high-agreement photographs (M 5 99.7%)
were compared with performance on baseline items de-
rived from low-agreement photographs (M 5 99.8%). No
difference was found on response accuracy between the
two baseline conditions [t (9) 5 0.43, p 5 n.s.].

fMRI Results
To identify a significant main effect of picture nam-

ing, all the picture trials were compared with all the
baseline trials. All 10 subjects showed significant in-
creases in fMRI activity during the picture-naming con-
dition, relative to the baseline condition, in the following
areas: bilateral temporal areas, bilateral frontal areas, bi-
lateral occipital areas, bilateral parietal areas, and the an-
terior cingulate. For the remainder of the discussion, we
will focus only on activity in the LIFG, because that was
the only area that showed a significant name agreement
effect in Experiment 1 (see Table 2).

As a group, the subjects showed greater LIFG activity
for the low name agreement (high selection) condition,
as compared with baseline (M effect size 5 6.48), than
for the high name agreement (low selection) condition,
as compared with baseline (M effect size 5 5.68). A
pairwise comparison revealed a significant difference
between the two conditions [M effect size diff 5 0.80;
t (9) 5 2.22, p 5 .05].

Mean Geometric Displacement
The algorithm used to calculate mean geometric dis-

placement was identical to that used in Experiment 1,
with the exception of the number of images included in
the comparison. A total of 95 comparisons were per-
formed for each run, and a total of 285 comparisons were
made for each subject. Averaged across all 10 subjects,
the mean geometric displacement value was 0.20 mm.

Discussion
In Experiment 2, we replicated the finding that activ-

ity in the LIFG is modulated by selection demands, which
we manipulatedby varying picture name agreement. Fur-
thermore, we have extended our initial finding to a dif-
ferent set of stimuli—black-and-white photographs of
real objects. In other words, the selection effects observed
in Experiment 1 cannot be attributed to the potential am-
biguity present in black-and-white line drawings or to
other idiosyncratic differences between the items used in
the first experiment.

GENERAL DISCUSSION

In both experiments, we observed that activity in the
LIFG during picture naming was affected by picture
name agreement. There are a number of possible inter-
pretations for this finding: (1) LIFG activity is related to
the degree of semantic retrieval required, (2) LIFG ac-
tivity is modulated by the degree of task preparation in-
volved, and (3) that LIFG activity is related to the de-
mands of selection of information among competing
alternatives. In the following section, we will explore
each of these possibilities and will argue that the last ex-
planation is a more viable account for previous dis-
crepant findings regarding LIFG activity during picture
naming. We will also consider the idea that the margin-
ally significant selection effect found in the anterior cin-
gulate in Experiment 1’s overt condition may suggest
that selection occurs at two different levels: Whereas
LIFG activity correlates with selection on a representa-
tion level, anterior cingulate activity correlates with se-
lection on a response level.

One possible alternative explanation of our data is that
selection demands and semantic retrieval demands are
confoundedand that the observed difference in LIFG ac-
tivity between the high name agreement and the low
name agreement conditions actually reflects the degree
of semantic retrieval required. After all, the definition of

Table 2
Random Effects Group Analysis of Five Separate Functionally-

Anatomically Defined Regions of Interest in Experiment 2
(Low Name Agreement 2 High Name Agreement)

Region of Interest Mean Effect Size p Value

Left inferior frontal gyrus t(9) 5 2.22 .05
Right inferior frontal gyrus t(9) 5 1.06 .16
Left temporal lobe t(9) 5 0.49 .32
Right temporal lobe t(9) 5 0.53 .31
Anterior cingulate t(9) 5 1.26 .11
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name agreement is intertwined with the number of se-
mantic alternatives available. Thus, the more alternatives
there are, the more semantic retrieval may be expected
(Levelt et al., 1991). For example, when low agreement
items, such as blouse, are named, more semantic re-
trieval is expected, because semantic cohorts, such as
shirt and top, are also retrieved (see Figure 2 for the cor-
responding line drawing). On the other hand, when a
high agreement item, such as book, is named, only one
concept will be activated. Therefore, it may be possible
to attribute the difference in LIFG activity to the differ-
ential amount of semantic retrieval required. Although
data from previous experiments that dissociated seman-
tic retrieval and selection demands help discount this ex-
planation (Thompson-Schill et al., 1997; Thompson-
Schill et al., 1999), it remains a possibility.

However, this explanation seems to be an unlikely ac-
count of the present data. If the selection effect observed
in the LIFG indeed reflects a differential amount of se-
mantic retrieval, we should also detect this difference in
the temporal lobes, which have traditionally been asso-
ciated with the retrieval of semantic knowledge (e.g.,
Hodges et al., 1995; Hodges et al., 1992; Saffran &
Schwartz, 1994). Although there was a trend toward
greater activity in the temporal lobes during the naming
of low-agreement pictures in Experiment 1, the effect
was not statistically significant (see Table 1). Further-
more, Wagner et al. (2001) have argued that the LIFG is
specifically involved in effortful, or controlled, seman-
tic retrieval; however, semantic retrieval during picture
naming is generally not considered to be the result of an
effortful search process (e.g., Levelt et al., 1991).

Another potential explanation concerns the domain of
task preparation. Using a task-cuing paradigm, Brass
and von Cramon (2002) demonstrated that the dorsal
posterior region of the LIFG (BA 6/44) is part of a net-
work that responds to task preparation. Specifically, this
network is responsible for selecting and implementing a
task set that facilitates performance. Thus, it is conceiv-
able that the increased level of response uncertaintypres-
ent in the low-agreement condition led to an increased
level of task preparation. However, this seems to be an
unlikely explanation of the difference between the two
agreement conditions. In order for subjects to prepare for
a change in task set, they need to be aware of the task
change. In the present study, the subjects were aware
only of the switch between the experimental task (pic-
ture naming) and the baseline task (rectangle detection).
From their perspective, the two different picture-naming
conditionswere one and the same. Thus, it seems unlikely
that they engaged in different levels of task preparation
between the two agreement conditions.

The third explanation is that LIFG activity is related to
the demands of selection of information among compet-
ing alternatives. This hypothesis rests on the assumption
that selection demands are inversely correlated with pic-
ture name agreement. Behaviorally,our RT data are con-
sistent with those reported by Kremin et al. (2000). That

is, the subjects were able to identify high name agree-
ment pictures more quickly than low name agreement
pictures. On the basis of the picture-naming models pro-
posed by Fraisse (1969) and Levelt et al. (1991), this pat-
tern of RT data is not at all surprising. If perceiving an
object activates all semantic cohorts automatically, low
name agreement objects will activate more candidate
names than will high name agreement objects. Thus, the
selection process will require more time to evaluate all
the competing alternatives before selecting a target item.
We propose that whereas the temporal lobes are recruited
during retrieval of the semantic cohorts, the LIFG is re-
sponsible for mediating this selection mechanism.

More specifically, we propose that LIFG activity is
modulated by selection of information on a representa-
tion level. That is, LIFG activity is mediated by the de-
gree of selection among competing alternatives on a
conceptual level. On the other hand, selection on the re-
sponse level may be mediated by the anterior cingulate.
In other words, the anterior cingulate may be recruited
when selection of the appropriate articulatory program
for production is required by the task, and that may be
why we observed a marginally significant selection effect
in the anterior cingulate only in the overt condition in Ex-
periment 1. This idea is consistent with published find-
ings of dissociations between the anterior cingulate and
the LIFG (Barch et al., 2000; Milham et al., 2001; Nel-
son, Reuter-Lorenz, Sylvester, Jonides, & Smith, 2003;
van Veen, Cohen, Botvinick, Stenger, & Carter, 2001).
For example, in an fMRI investigation of neural activity
during a modified Stroop task, Milham and colleagues
reported that whereas the dorsolateral and posterior infe-
rior prefrontal cortices respond to selection of competing
semantic representations, the anterior cingulate is re-
cruited only when conflict on a response level is present.

Using a working memory task, Nelson et al. (2003)
also demonstrated a similar dissociation between left-
prefrontal and anterior cingulate activity. They argued
that whereas left-prefrontal activity is associated with
the selection of relevant representations, anterior cingu-
late activity increased with response conflict. Finally,
using a flanker task, van Veen et al. (2001) investigated
whether the anterior cingulate monitors conflict on all
levels of processing or whether its response is exclusive
to a specific level of processing (e.g., stimulus encoding
and response conflict). The authors reported that the an-
terior cingulate is selectively responsive to response con-
flict, and not to conflict on the representation level. They
suggested that this pattern may be related to the inter-
connectivity between the motor system and the anterior
cingulate. Taken together, these studies have provided
strong support for the functional dissociation between
the LIFG and the anterior cingulate. On the basis of the
present data, however, we must interpret the functional
dissociation observed in a picture-naming task with cau-
tion: Although the effect was marginal in Experiment 1
( p 5 .03), the effect was only a trend in Experiment 2
( p 5 .11).
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Historically, the posterior portion of the LIFG, or Bro-
ca’s area, has been associated with language, especially
language production and syntax, by virtue of its ties to
Broca’s aphasia. Clinical symptoms of Broca’s aphasia
typically include slow, dysprosodic, poorly articulated
speech, agrammatism (reduced phrase structure, omis-
sion and substitutionof closed class elements), and prob-
lems with confrontation naming (Goodglass, 1993). Re-
cent studies have demonstrated that the link between
Broca’s aphasia and the so-called Broca’s area is tenuous
at best: Damage to Broca’s area does not reliably result
in Broca’s aphasia (e.g., Basso, Lecours, Moraschini, &
Vanier, 1985; Mohr et al., 1978). For example, Dronkers,
Shapiro, Redfern, and Knight (1992) reported that of the
25 patients tested, lesions to Broca’s area did not reliably
predict Broca’s aphasia (nor did the diagnosis of Broca’s
aphasia predict damage to Broca’s area). Instead, they re-
ported a perfect correlation between lesion location and
apraxia of speech, an articulatory deficit commonly as-
sociated with Broca’s aphasia. In other words, Dronkers
et al. demonstrated that the symptom of apraxia of
speech, not the syndrome of Broca’s aphasia, is corre-
lated with a specific lesion location. Similarly, although
the full-blown syndrome of Broca’s aphasia rarely results
from damage that is limited to the LIFG, it is possible
that some symptoms commonly associated with Broca’s
aphasia and other nonfluent aphasias are, in fact, associ-
ated with LIFG damage. Specifically, we propose that
some linguisticdeficits associatedwith nonfluentaphasias
might be understood as an impairment of a more general
selectionmechanism. Furthermore, these selection-related
deficits should be correlated with the extent of damage to
the posterior LIFG.

For example, one common symptom in all language
disorders, including the nonfluent aphasias, is an im-
pairment in confrontation naming ability, typically as-
sessed with a picture-naming task (Goodglass, 1993).
Although naming errors are a ubiquitous problem with
all aphasias, the types of errors in naming vary across
patients and, less consistently, across subtypes (Ardila &
Rosselli, 1993). In the context of the picture-naming
models presented earlier, this impairment may be under-

stood either as a retrieval deficit or as a selection deficit.
Whereas some patientsmay have problems activating the
semantic cohorts, other patients may have a selection
deficit. When asked to perform a confrontation naming
task, the error profiles produced by these patients may be
very different. Specifically, we may expect no-response
errors from aphasics with a retrieval deficit and seman-
tic paraphasic errors from other aphasics with an ineffi-
cient or faulty selection mechanism (e.g., Hillis, Rapp,
Romani, & Caramazza, 1990; Howard & Orchard-Lisle,
1984). On the basis of the results of this study, we pre-
dict that aphasic patients with lesions including the pos-
terior LIFG will show deficits in confrontation naming
that are consistent with a selection impairment, whereas
aphasic patients with lesions sparing the posterior LIFG
will not. The same logic extends to predictions about
performance on other linguistic tasks that involve selec-
tion among competing alternatives (e.g., ambiguity res-
olution and verbal fluency).

Thus far, our discussion has focused on selection ef-
fects in the context of semantic tasks. It is not clear
whether the selection mechanism associated with LIFG
activity is limited to semantic knowledge or whether the
LIFG serves a more general purpose of selection that
generalizes to nonsemantic domains. Data from our lab
and others have provided some evidence for the latter
claim. For example, we recently tested the idea that se-
lection and maintenance can be dissociated in a study of
working memory deficits in brain-damaged patients
(Thompson-Schill et al., 2002), using a working memory
task in which we were able to manipulate selection
demands on an item-by-item basis (Jonides, Smith,
Marshuetz, Koeppe, & Reuter-Lorenz, 1998). On each
trial, a group of four letters was presented (e.g., t, r, p,
and g), and after a delay, a single-letter probe was pre-
sented (K). The subjects had to decide whether the probe
letter was a member of the target set on that trial. On high
selection trials, the probe appeared in the previous trial’s
target set; on these trials, we increased competition from
an incorrect item by having presented it recently. On low
selection trials, the probe did not appear in any recent
target set. A variation of this task was first used in neu-

Table 3
Local Maxima of High Selection Demands – Low Selection Demands

Contrast Reported in the Present Experiments and in
Two Previous Neuroimaging Studies

Local Maxima
(MNI coordinates [XYZ]

Study Task and Brodmann’s Area)

Thompson-Schill, D’Esposito, word generation 249.49, 8.09, 33.13 (BA 44)
Aguirre, & Farah (1997) picture classification 238.38, 15.30, 33.51 (BA 44)

attribute comparison 245.45, 3.97, 32.92 (BA 44)
Thompson-Schill, D’Esposito, word generation 244.44, 15.34, 24.79 (BA 44)

& Kan (1999)
Experiment 1 covert picture naming 256.25, 3.75, 35.00 (BA 44)

(line drawings) overt picture naming 256.25, 3.75, 35.00 (BA 44)
Experiment 2 (photographs) overt picture naming 236.00, 24.00, 21.00 (BA 45)
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roimaging studies, which reported increased activity in
the LIFG for high selection trials (D’Esposito, Postle,
Jonides, & Smith, 1999; Jonides et al., 1998). In our case
study of a patient with LIFG damage in the same region
as that identified in these imaging studies, the patient
showed a severely disproportionate impairment on the
high selection trials. The selection effect (i.e., the differ-
ence in accuracy between high- and low- selection trials)
in this patient was more than six standard deviations
above control performance. We also demonstrated func-
tional and stochastic independence of selection ability
and working memory capacity across all patients. These
data provide support for the hypothesis that selection of
information from competing alternatives is a general
function of the LIFG. However, the location within the
LIFG implicated in this working memory selection task
was slightly anterior to the location within the LIFG de-
scribed in an earlier study. Thus, the possibility for func-
tional heterogeneity within the LIFG (and the prefrontal
cortex more generally) remains an open question. For ex-
ample, it has recently been proposed that whereas the an-
terior portion of the LIFG (e.g., BAs 47 and 10) are in-
volved in semantic retrieval, the posterior portion of the
LIFG (e.g., BAs 44 and 45) may be implicated in selec-
tion (see Thompson-Schill, 2003, for a review).

One approach to examining the functional hetero-
geneity within the LIFG is by asking a related question:
Is there a subregion within the LIFG that is consistently
activated in different selection tasks? Table 3 summa-
rizes the local maxima within the LIFG that are sensitive
to selection manipulations, as reported in previous fMRI
studies and the present experiments. Across six different
experiments that used four different experimental tasks
and two different response modalities, all local maxima
points fall within BAs 44 and 45. This provides strong
evidence that there exists a subregion within the LIFG
that is sensitive to the manipulationof selection demands.

The selection account is a viable candidate in ex-
plaining and unifying previous inconsistent findings in
the picture-naming literature. Furthermore, this account
may be extended so as to explain some of the discrepan-
cies in the aphasia literature as well. Aphasia syndromes
are best considered as a constellation of symptoms, and
a better appreciation of the relation between brain struc-
tures and language disorders will arise from investiga-
tions that associate structure with specific symptoms
(e.g., selection impairments), rather than with a multi-
faceted syndrome. As we attempt to further understand
linguistic deficits, allowing anatomical considerations to
take precedence over syndrome classifications may be a
more promising way to study the relationship between
brain structure and function.
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