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Response selection activates appropriate response representations to task-relevant environmental stimuli.
Research implicates dorsolateral prefrontal cortex (dIPFC) for this process. On the other hand, studies of
semantic selection, which activates verbal responses based on the semantic requirements of a task, implicate
ventrolateral PFC (VIPFC). Despite this apparent dissociation, the neurocognitive distinction between
response and semantic selection is controversial. The current functional MRI study attempts to resolve this
controversy by investigating verbal response and semantic selection in the same participants. Participants
responded vocally with a word to a visually presented noun, either from a memorized list of paired associates
(response selection task), or by generating a semantically related verb (semantic selection task). We found a
dissociation in left lateral PFC. Activation increased significantly in dIPFC with response selection difficulty,
but not semantic selection difficulty. Conversely, semantic, but not response, selection difficulty increased
activity significantly in vIPFC. Activity in left parietal cortex, on the other hand, was affected by difficulty
increases in both selection tasks. These results suggest that response and semantic selection may be distinct
cognitive processes mediated by different regions of lateral PFC; but both of these selection processes rely on

cognitive mechanisms mediated by parietal cortex.

Published by Elsevier Inc.

We are constantly surrounded by a large variety of sensory
information in our environment. However, not all of the available
information is relevant to our current tasks and goals. Therefore we
must selectively process stimuli that are important for our current
situation and ignore the rest. Likewise, in order to behave appro-
priately, we must select task-relevant responses from the set of all
possible responses. Selection is thus a fundamentally important, and
highly adaptive, function of our information processing system.

Various kinds of selection processes are carried out in the brain —
from early perceptual selection mechanisms in primary and secondary
visual cortices (e.g., Kastner and Ungerleider, 2000) to the selection of
appropriate memory and response representations mediated by pre-
frontal, parietal, and other cortical regions. It is the selection carried out
by regions in association cortex that is the focus of the research described
here. Response selection, for example, retrieves a representation for an
appropriate motor response among competing alternatives (Kornblum et
al., 1990). Semantic selection, on the other hand, as investigated here,
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activates the representation of a word based on its semantic properties
(Thompson-Schill et al.,, 1997). Theoretical constructs of selection (e.g.,
Pashler, 1994) as well as the conceptual similarity of these selection
processes (i.e., retrieval of task-relevant information) suggests that there
may be a unitary selection process underlying both types of selection.
Research on selection suggests that prefrontal cortex (PFC) plays a key
role. Selection may be an example of a more general function of the PFC
(i.e., the implementation of cognitive control). It has been proposed that
PFC exerts top-down control on posterior brain regions (Fuster, 2000;
Kan and Thompson-Schill, 2004; Miller and Cohen, 2001 ; Petrides, 2000;
Schneider and Chein, 2003). According to these accounts, PFC (especially
lateral PFC) is at the top of a processing hierarchy and regulates activity in
subcortical and posterior cortical brain regions. Selection likely is one
instance of this top-down influence. Consistent with this idea, posterior
regions in parietal and temporal cortex have been found to be co-
activated with frontal cortex during selection tasks (Bunge et al., 2002;
Schumacher et al,, 2005, 2007; Thompson-Schill et al., 1997).
Consistent with the view that selection is a form of cognitive
control, many studies of selection activity in lateral PFC, as well as
posterior cortical regions. However it is not clear if selection relies on a
unitary or on separable neural mechanisms. According to the selection
hypothesis proposed by Thompson-Schill et al. (1997) and Rowe et al.
(2000) selection may be a unitary function implemented in lateral
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PFC. Other authors suggest that the neural implementation of
selection might differ between response and non-response selection
(Zhang et al., 2004). Furthermore, studies investigating different kinds
of selection processes (e.g. spatial response selection, numeric
response selection, semantic selection) report the recruitment of
distinct brain regions (Fletcher and Henson, 2001; Hazeltine et al.,
2003; Schumacher et al., 2003; Thompson-Schill et al., 1997).

Thus, the neuroimaging evidence for a unitary selection process is
equivocal, with some data supporting a general selection mechanism,
and other data reporting separate neural systems for selection of
different types of information. Behavioral data regarding response
selection are similarly ambiguous. Some behavioral data suggest that
response selection may be a unitary process (for a review see Pashler,
1994), whereas other data suggest the existence of multiple selection
processes (Hazeltine et al., 2002, 2006; Meyer and Kieras, 1997;
Schumacher et al., 1999, 2001).

The present study investigates the neurocognitive overlap
between semantic and response selection, and more specifically,
whether there are regional differences in the PFC regions mediating
these mechanisms. Several authors report that semantic selection
mainly activates ventrolateral PFC (vIPFC; Crosson et al., 2001;
Thompson-Schill et al., 1997; Tremblay and Gracco, 2006), whereas
studies of response selection mainly activate dorsolateral PFC (dIPFC;
Schumacher and D'Esposito, 2002; Schumacher et al., 2003). Yet, some
studies of semantic selection (Buckner et al., 1995; Thompson-Schill et
al.,, 1997, 1998) report dIPFC activation as well. And finally, some
studies of response selection have found vIPFC activation (Fletcher and
Henson, 2001; Rowe and Passingham, 2001). Thus, current research
suggests that response selection and semantic selection may involve
partially overlapping brain regions, but there is also evidence that
these processes may be cognitively and neurally distinct. The goal of
the present study is to directly compare response and semantic
selection in the same participants and with the same stimulus and
response modalities.

In this study, we used visual-vocal selection tasks with verbal
material to match the stimulus and response modalities between the
conditions. Participants performed a paired-associate task, which is a
typical response selection task; and a word-generation task, which is a
typical semantic selection task (c.f, Thompson-Schill et al., 1997).
During the Thompson-Schill et al. experiment, participants were
presented with a noun and were instructed to covertly generate a
semantically related verb (e.g. scissors-cut). In the present study,
participants made overt verbal responses. Thus we are able to
measure response accuracy and response times (RTs), which could
not be done by Thompson-Schill et al. Response selection was tested
with a design similar to that of previous response selection studies
(Schumacher et al., 2003). Schumacher et al. had participants learn a
set of number-response pairs. During testing, participants were
presented with the number and had to retrieve the associated manual
response. In the present study, we used verbal material for both the
stimuli and responses.

The direct comparison of semantic selection and verbal response
selection in the present study allows us to investigate the hypothesis
that these two types of selection rely on different lateral PFC regions.
Additionally, it allows us to examine the suggestion made by
Thompson-Schill and colleagues (Snyder et al., 2007; Thompson-
Schill et al.,, 1997), that vIPFC mediates selection at a more general
level than for semantic material only. Finally, comparing the activation
in the verbal response selection task with activation patterns from
previous response selection studies using different stimulus and
response modalities, but similar procedures, will allow us to
investigate the modality and material specific nature of response
selection.

Importantly, we parametrically manipulated both conditions (i.e.,
the difficulty of selection varied across several levels). This has several
methodological advantages. It reduces our reliance on the critical

assumption of pure insertion, allows us to more clearly differentiate
between response selection, motor planning, and motor production,
and allows us to distinguish between selection-specific and general
task-related activity. This approach has been employed successfully in
a number of previous studies (e.g., Braver et al., 1997; Jonides et al.,
1997; Manoach, 2003; Schumacher et al., 2003).

Methods
Participants

Fourteen right-handed volunteers from the University of Califor-
nia, Berkeley community (6 male, 8 female; age range 19-26 years;
mean age 22 years) participated in our study. All participants gave
their informed consent and were paid $8 per hour for their
participation. They were native English speakers with no history of
neurological disorders or medication. Three participants were
excluded from the analysis due to excessive motion (viz., more than
3 mm during the between-run intervals). Thus, the final sample
contained 11 participants (5 male, 6 female; mean age 21).

Behavioral task design and stimuli

Response selection and semantic selection were parametrically
manipulated in separate blocks of trials. For all blocks, participants
made verbal responses to centrally presented stimulus words. The
words were presented in white on a black background. Participants
viewed them through a mirror mounted on the radiofrequency (RF)
head coil. The stimuli subtended roughly 4-6° visual angle. A
schematic of the experimental design is shown in Fig. 1.

Semantic selection task

Semantic selection was manipulated with the verb generation
procedure used by Thompson-Schill et al. (1997), in which partici-
pants vocally responded with a semantically related verb to a visually
presented noun. We used the 96 concrete nouns (word length range
[3-8], median=4; Kucera-Francis frequency range [1-591], median
frequency=32) used by Thompson-Schill et al.

There were two levels of difficulty for this task. In the low-selection
demand condition, nouns were highly associated with one or two
related verbs (e.g. knife-cut; associative strength range [5-50],
median=13.34; mean Kucera-Francis frequency=51.38; length=3-8).

CorHlch Semantic Selection Response Selection
(Verb Generation) (Word-Pair Associate)
Instruction Name a verb related to Name the target
associated with the
3500ms the noun presented.
cue presented.
1SI 900ms e
Tnal 1 @, i " (? i1}
2000ms Scissors Cut River |—» “Think
ISI 200ms
Trial 2 “Swing”
4 2 ot | onor
i H L1
ISI 200ms  _ Climb
Time

Fig. 1. Schematic of the experimental design. Participants performed a semantic
selection task in which they responded to a visually presented noun with an associated
verb and a response selection task in which they responded to a visually presented cue
noun with a target word associated with it during a previous study session. Selection
difficulty varied across blocks (see Methods). Participants also performed a fixation
control task in which they focused on a fixation stimulus throughout the block, which is
not depicted in the figure.
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In the high-selection demand condition, nouns had no highly
associated verb (associative strength range [1-3], median=2.00;
mean Kucera-Francis frequency=69.21; length=3-7). The difference
between the associative strengths of the word groups was significant:
(94)=13.85, p < 0.001.

Response selection task

The verbal response selection condition was similar to the
semantic selection condition. Again, participants vocalized a verb in
response to a presented noun. However, for this condition we used a
paired-associate memory retrieval task. On the day prior to scanning,
participants studied 8 word-pairs consisting of a noun and a verb each
(e.g. dove-brew, scarf-cater). During the scanning session, the nouns
from this list were presented one at a time and participants had to
vocally respond with the associated verb.

Each of the word-pairs were semantically unrelated (unassociated
according to the Edinburgh Associative Thesaurus; mean Kucera-
Francis frequency=69.51; length=4-7). Verbal response selection
difficulty was varied parametrically by manipulating stimulus set size.
Eight word-pairs were used in the most difficult condition, four pairs
in the intermediate condition, and two in the easiest. For the four-
choice and two-choice conditions, the nouns were repeated equally so
that each block contained eight nouns. Both the increasing number of
stimulus-response (S-R) rules active across blocks and the decrease in
the priming of upcoming S-R rules likely affected response selection
difficulty across blocks. At the beginning of each block, participants
were informed which words would be tested. Within the experi-
mental blocks, the words were presented in randomized order. This
design is conceptually similar to the way response selection was
manipulated by Schumacher et al. (2003).

The experiment also included a fixation control condition in which
participants fixated on a centrally presented white cross for about 20 s.
Two additional conditions were included but will not be discussed
here.

Behavioral procedure

One day prior to the scanning session, participants studied the
list of the 8 word-pairs. First, participants viewed the word-pairs on
a sheet of paper for several minutes. Then, they were trained to a
criterion of 100% correct. Each noun was randomly presented one at
a time on a computer monitor. Participants were required to say the
associated verb aloud as quickly as possible. They were given
feedback after every block about their accuracy and mean RT.

Before entering the scanner, participants were verbally instructed
about the tasks they would perform. They completed 6 fMRI runs.
During each run, each condition was tested in a block of 8 trials and
appeared twice in random order so that participants saw 96 trials of
each condition across the 6 runs. Each block began with a 3500 ms
instruction period, in which the upcoming task and word lists were
presented. The stimulus word followed a 900 ms inter-stimulus
interval (ISI). Each stimulus word appeared for 2000 ms. There was a
200 ms ISI between each trial (see Fig. 1). A blocked design was used
for this study in order minimize the effects of motion-related artifacts
due to overt speech (c.f,, Birn et al., 2004) and to increase statistical
power because PFC activity is known to be more variable and less
significant than sensory regions (D'Esposito et al., 1999).

fMRI procedure

Functional MRI scans were collected using a 4.0 T Varian Inova
scanner equipped with a fast gradient system for echoplanar
imaging. A standard RF head coil was used with foam padding to
restrict head motion comfortably. A two-shot gradient echo,
echoplanar sequence (TR=2200 ms, TE=28 ms, matrix size=64x 64,
FOV=22.4 cm) was used to acquire data sensitive to the blood oxygen

level (BOLD) dependent signal. Each functional volume contained
20-3.5 mm axial slices with a 0.5 mm gap between slices. Each
experimental run was preceded by 5 s of dummy gradient RF pulses
to achieve a steady state of tissue magnetization. Each run lasted just
over 8 min and consisted of 222 brain volumes. Two high-resolution
structural T1-weighted scans were also acquired. The first collected
20 axial slices in the same plane as the echoplanar images
(TR=200 ms, TE=5 ms, matrix size=256x256, FOV=22.4 cm). The
second was a 3D MPFLASH scan (TR=9 ms, TE=4.8 ms, TI=300 ms).
Vocal responses were collected in the scanner using a MR compatible
microphone attached to a modified SCUBA mouthpiece. The mouth-
piece was used to filter out the gradient noise (c.f., Stelzel et al.,
2006).

fMRI data processing and analysis

During reconstruction, two images were created for each scan by
linearly interpolating each adjacent scan. All additional data pre-
processing and analysis was conducted using BrainVoyager QX
(Brainlnnovation, Maastricht, the Netherlands). Pre-processing
included a slice scan time correction, 3-D motion correction (Friston
et al., 1995), and high-pass temporal filtering (frequencies lower than
6 cycles per run were removed).

Data were analyzed with a modified general linear model (Worsley
and Friston, 1995). For each participant, we created a design matrix
with covariates for each level of each of the six behavioral conditions
(eight-choice, four-choice, two-choice, high-selection demand, low-
selection demand, and fixation control). These covariates were
convolved with an idealized model of the hemodynamic response
function. Seven runs (out of 66) were omitted from the final analysis
due to motion (greater than 3 mm). To account for head motion in the
remaining runs, the six 3-D motion parameters were also included
into the GLM as nuisance variables.

Region-of-interest (ROI) analysis

All participants produced task-related activity (identified by
contrasting combined task conditions [high and low semantic
selection, and hard, medium and easy response selection] with the
fixation control condition) in frontal, parietal, temporal and occipital
cortical regions.

To investigate how activity changed across conditions, we used the
task-related activity to create ROIs for brain regions of theoretical
interest. We focused our analyses on ROIs from left dIPFC, left VIPFC,
and left inferior parietal cortex (iPC)! because these regions produced
consistent activity across our participants and have been implicated in
previous studies of selection (Schumacher and D'Esposito, 2002;
Schumacher et al.,, 2003; Thompson-Schill et al., 1997). Using
BrainVoyager software, ROIs were functionally defined separately for
each participant in each of these regions by identifying clusters of
voxels with a peak activity with a t-value corresponding to p < 0.005,
uncorrected. The exact location and size of each ROI varied somewhat
within each anatomical region across participants. The mean ROI
center (and corresponding Brodmann area) and size across partici-
pants is shown in Table 1. To investigate laterality effects in dIPFC, an
ROI was created for right dIPFC in every participant homologous to the
left dIPFC ROL.

For each participant and ROI, mean P-values were extracted
separately for each experimental condition relative to the fixation
control condition. This led to five activation values for each
participant. These -values served as data for subsequent analyses.

! ROI location in iPC was more variable than other regions. Two participants' ROIs
were more medial to Brodmann area 40.
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Table 1
Location and statistics of selected Regions-of-Interest

Region Brodmann area Talairach Region-of-Interest ~ Selection task  Task difficulty  Interaction  Response selection Semantic selection
coordinates (mean # voxels/ F(1,10) F(1,10) F(1,10) eight vs. two High vs. Low
standard deviation) (one-tailed) (one-tailed)
t(10) t(10)
X Y V4
Left dorsolateral 9/46 -42 30 23 251 (418) 1.66, p=.23 7.28, p<.05 1.04, p=.34 2.10, p<.05 1.08, p=.15
prefrontal cortex
Left ventrolateral 45/47 -48 23 2 57 (65) 24,p=63 3.06,p=11  224,p=17 001, p=.50 2.19, p<.05
prefrontal cortex
Inferior parietal cortex 7/40 -44 -42 41 550 (557) .06, p=.82 8.59, p<.05 .27, p=.62 2.52, p<.05 2.00, p<.05

Investigation of overt speech induced artifacts in BOLD signal

Several studies have reported that overt speech and other move-
ments of the mouth or near the mouth may affect the BOLD signal —
especially in the operculum and insula regions, which are near the
VIPFC (e.g., Birn et al., 1998, 2004; Kemeny et al., 2005; Yetkin et al.,
1996). Therefore, it is important to consider the quality of the BOLD
signal in the present data. Several factors may ameliorate a concern
with the quality of the data produced here. First, the negative effect of
overt speech on the BOLD signal is more pronounced with continuous
speech (e.g., Kemeny et al., 2005) than with the short bursts (mean
duration less than 700 ms) of discrete speech used here. In fact, the
procedure used in the current study has been used previously to
successfully record vocal responses and BOLD signal (Stelzel et al.,
2006; see also Barch et al., 1999). Second, as stated previously, head
motion was not excessive (less than 3 mm) in most participants overall
and in none of the participants used in the analyses reported here.

However, overt speech may produce susceptibility artifacts (e.g.,
signal drop out) in the BOLD signal even in the absence of excessive
head motion (Birn et al., 1998). Yet, each participant in this study
produced activity in the ventrolateral, dorsolateral, and inferior
parietal regions. These factors lead us to believe that our results are
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not overly contaminated by speech related artifacts; and give us
confidence that comparisons of activity across the specific speech
related conditions (e.g., eight-choice vs. two-choice and high selection
vs. low) described below may provide valid insights into the nature of
selection in lateral prefrontal and inferior parietal cortices.

Results
Behavioral data

Reaction times and accuracies were measured for the vocal
responses recorded during fMRI scanning. Vocal RTs less than
250 ms were excluded from subsequent analyses (6% of the responses)
to avoid contamination of the data from trials where the response
indicated nonverbal acoustic sounds (e.g., gradient noise, participants
throat clearing, etc.) rather than participants' vocalizations. Due to
technical problems with the voice recording device, RT data were not
measured for three participants. Fig. 2 shows the mean RTs for correct
trials and mean accuracies for the remaining participants. The correct
RTs and accuracy data were analyzed separately for each selection
task. For response selection, a repeated-measures analysis of variance
(ANOVA) showed that mean RTs increased significantly with task
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Fig. 2. Mean reaction times, accuracies and (3-values across difficulty levels for the response selection (two-choice, four-choice, and eight-choice) and semantic selection tasks (low
and high selection). The standard errors are plotted for the comparison between the easy and hard conditions for each selection task.
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difficulty (F[2,12]=11.06, p<.005). Similarly, for semantic selection,
mean RTs were longer for the high-selection condition than the low-
selection conditions (t(6)=3.37, p<.05). There was no significant effect
on accuracy for either selection task: (F[2,18]=1.91, p>.15 for response
selection and t(9)=-1.92, p>.25 for semantic selection). The trend
across participants was for accuracy to decrease as selection difficulty
increased, therefore there is no evidence that participants were
trading speed for accuracy in this experiment.

fMRI data

The mean (3-values (representing brain activity) for each task
condition relative to the fixation baseline are shown for each ROI in
Fig. 2. These 3-values were analyzed separately for each ROI with
repeated-measures ANOVAs using Selection task (response and
semantic) and Difficulty (eight-choice/high and two-choice/low) as
factors. These results are shown in Table 1. The ANOVA revealed
significant effects of Difficulty on activity in left dIPFC and iPC, and a
marginal effect of Difficulty in left vIPFC. Because of the specific
hypotheses for activity in these ROIs, planned t-tests also compared
eight-choice vs. two-choice and high selection vs. low in each ROL
Mean activity in the four-choice response selection condition fell
within the two- and eight-choice conditions for every ROL These data
are shown in Fig. 2, but were not included in the statistical analyses to
match the comparisons across selection tasks.

As shown in Table 1 and Fig. 2, the planned comparisons of the
Difficulty effect within each selection task produced a dissociation
between the tasks. Response selection task difficulty significantly
affected activity in left dIPFC but produced no increase in activity in
left vIPFC. Conversely, semantic selection difficulty significantly
affected activity in left vIPFC and produced a non-significant increase
in left dIPFC. Activity in iPC was significantly affected by increasing
task difficulty in both selection tasks.

There was no significant effect of response selection difficulty on
activity in right dIPFC (3-values: two-choice condition=0.23, eight-
choice condition=0.09; t(10)=-1.89). The interaction between hemi-
sphere and task difficulty on dIPFC activity was significant; F(1,10)=
7.70, p<.05.

Discussion

Research suggests that response selection is mediated by a
network of brain regions including left dIPFC and left iPC (e.g.,
Schumacher et al., 2003); whereas semantic selection is mediated by a
network including left vIPFC and left iPC (e.g., Thompson-Schill et al.,
1997). The neural dissociation between these processes may suggest a
cognitive dissociation as well. However, other research suggests that
the regions mediating response and semantic selection may overlap
(c.f, Fletcher and Henson, 2001). Because these selection processes
have not been investigated in the same experiment, these inconsistent
results may be due to differences in experimental design, materials,
participants or a combination of these factors. The current study
directly investigated the neurocognitive overlap between these two
selection processes with a design that equated the visual stimulus and
verbal response processing requirements across tasks.

We found a dissociation in lateral PFC. Brain activity in left dIPFC
increased significantly with increases in response selection difficulty
and insignificantly with semantic selection; whereas activity in left
VIPFC increased significantly with increases in semantic selection task
demand, but was unaffected by increases in response selection
difficulty. This dissociation suggests that PFC may be functionally
specialized for different types of selection. Activity in iPC, on the
other hand, significantly increased with increases in both types of
selection. This is consistent with previous reports implicating this
region in both response and semantic selection (e.g. Schumacher et
al., 2003; Thompson-Schill et al., 1997). It may reflect an increase in

working memory and/or attentional load as the tasks get harder (c.f,,
Chein et al., 2003; Corbetta et al., 2002). With the current design, it is
difficult to specify the exact nature of this cognitive process;
nevertheless these data suggest that neurally distinct prefrontal
mechanisms may mediate response and semantic selection processes
by modulating a network of at least partially overlapping posterior
brain regions (e.g., iPC).

This dissociation in activity between left dIPFC and VIPFC for
different selection processes is consistent with previous reports in the
literature suggesting that dIPFC mediates response selection (Bunge et
al.,, 2002; Crosson et al., 2001; Hazeltine et al., 2003; Hester et al.,
2007; Jiang and Kanwisher, 2003; Rowe and Passingham, 2001; Rowe
et al.,, 2000; Schumacher et al, 2003; 2007; Schumacher and
D'Esposito, 2002) and vIPFC mediates semantic selection (Hester et
al., 2007; Thompson-Schill et al., 1997; Tremblay and Gracco, 2006).
Thus, although the dissociation for the neural mechanisms for
response and semantic selection suggested here has not been
demonstrated before, the present pattern of results is consistent
with existing theories of the neural mechanisms for selection.

Several authors have claimed that lateral PFC mediates a regulatory
function by modulating representations and processing in posterior
brain regions (Badre et al., 2005; Fuster, 2000; Kan and Thompson-
Schill, 2004; Miller and Cohen, 2001; Petrides, 2000; Thompson-Schill
et al., 2005). In the context of our current experiment, selection may
be one instance of this regulatory function. Top-down selection signals
may originate from distinct lateral prefrontal regions depending on
selection type; but terminate in the same iPC regions. That is, during
selection, memory contents maintained through iPC may be selec-
tively activated in response to one's current goals or task demands.
Importantly, this idea that lateral PFC fulfills a general control function
does not necessarily imply a lack of functional segregation within PFC.
Our results suggest that the specific nature of the selection task
(response or semantic) recruits different lateral PFC regions.

Episodic retrieval mechanisms may be one possible cause for the
differential involvement of lateral PFC regions in these tasks. Whereas
the semantic selection task requires participants to select words
based on semantic associations, the response selection task requires
participants to recall the word episodically associated with its
presented pair. As described by Dobbins and Wagner (2005),
semantic elaboration and semantic selection typically activate
VIPFC, whereas dIPFC is activated by general episodic retrieval tasks.
Thus, one reason for the difference between the selection-related
activity reported here might be that response selection is based on
retrieval from episodic memory, whereas semantic selection follows
semantic retrieval.

Dorsolateral PFC activity increased (although not significantly)
with semantic selection task difficulty (see Fig. 2). It is difficult to
interpret this increase. It may suggest, as proposed by Fletcher and
Henson (2001) that left dIPFC is involved in semantic selection; or that
the semantic selection task used here also requires response selection.
Alternatively, the non-significant activation increase in dIPFC during
semantic selection may be spurious. Some evidence for the latter
suggestion comes from a study of brain damaged patients by
Thompson-Schill et al. (1998). They investigated semantic selection
in patients with left vIPFC lesions; left frontal (including dIPFC but not
VIPFC) lesions; and right frontal lesions. They found a semantic
selection deficit only in the left vIPFC patients. Damage to regions
outside left vIPFC, including dIPFC, did not affect semantic selection.
This suggests, along with other studies implicating left vIPFC in
semantic selection (e.g., Badre et al., 2005; Fletcher et al., 2000; Moss et
al., 2005; Wagner et al., 2001), that left dIPFC may not be necessary for
the semantic task and the dissociation reported here may reflect a real
difference in the neural organization of selection in prefrontal cortex.

Ventrolateral PFC was not affected by increases in verbal response
selection difficulty. This may indicate a specific role in semantic
selection for this region, rather than a more general top-down biasing
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signal (Jonides and Nee, 2006; Kan and Thompson-Schill, 2004) or
response-related selection process (Zhang et al., 2004). Several
researchers have attempted to distinguish processes within the
VIPFC region. Some studies implicate anterior vIPFC in semantic
retrieval (Badre et al., 2005) or semantic elaboration (Dobbins and
Wagner, 2005) and mid vIPFC for semantic selection or a more general
purpose selection process (Dobbins and Wagner, 2005; Thompson-
Schill et al., 1997, 1998). The vIPFC ROIs in the current study were
located in the middle of the vIPFC across most participants, thus these
data are broadly consistent with the idea that mid vIPFC mediates
semantic selection. The present data provide no evidence for a role in
general purpose selection process. However, it remains possible, that
vIPFC may mediate a general purpose selection mechanism that was
not affected by the range of response selection difficulty manipulated
here.

It is important to note that the results implicating dIPFC, vIPFC and
iPC in response and semantic selection mechanisms do not preclude
the possibility that other regions are also involved in these processes.
Many studies have reported activity in anterior cingulate and other
medial PFC regions for response selection (e.g., Bunge et al., 2002;
Hazeltine et al., 2003; Hester et al., 2007; Merriam et al., 2001; Rowe
and Passingham, 2001; Rowe et al., 2005; Schumacher and D'Esposito,
2002) and semantic selection (e.g., Barch et al., 1999; Thompson-Schill
etal., 1997). Other studies, however, failed to find significant activity in
these regions (e.g., Jiang and Kanwisher, 2003; Schumacher et al.,
2003; Thompson-Schill et al.,, 1999). In our participants, medial PFC
regions were inconsistently active, with only a subset of participants
showing supra-threshold task-related activity. For this reason, we did
not investigate the effect of increasing semantic and response selection
difficulty in this area. It is possible that variability in levels of activity in
this region, or the use of vocal responses, precluded us from identifying
these and other brain regions involved in the network for semantic
and/or response selection. Nevertheless, our results do confirm a
dissociation between these processes in lateral PFC.

Two final and related aims of the current study were to investigate
the generality and laterality of the non-spatial response selection
network identified by Schumacher et al. (2003). Schumacher et al.
parametrically manipulated non-spatial response selection difficulty
using digit stimuli and manual responses. They reported monotonic
increases in left dIPFC and iPC activity with increases in non-spatial
manual response selection difficulty. Using verbal stimuli and vocal
responses, the current data show a similar monotonic increase in
these regions. This suggests that these regions mediate response
selection across a variety of non-spatial tasks and response modalities.

Finally, there is a controversy in the literature about the laterality
of the neural mechanisms for response selection in dIPFC for different
stimulus types. Some studies report laterality differences (Schuma-
cher et al., 2003, 2005), whereas others do not (Jiang and Kanwisher,
2003; Schumacher and D'Esposito, 2002). Our current findings
provide additional evidence for hemispheric differences in response
selection. We found a significant effect of verbal response selection
difficulty in left dIPFC (see Fig. 2). We found no corresponding increase
in a homologous region in right dIPFC. In fact, there was a trend for
activity to change in the opposite direction. No effect was found in
right dIPFC even though the ROI tested here was within 5 mm of the
site of peak activity in this region for spatial response selection from
Schumacher et al. (2003). The significant interaction between hemi-
sphere and response selection difficulty in dIPFC suggests hemispheric
specialization for verbal response selection consistent with the
hemispheric specialization for spatial and non-spatial response
selection previously reported (e.g., Schumacher et al., 2003, 2005).

Taken together, the current findings provide evidence for how
verbal selection is implemented in the brain and give new insights
into the specificity of verbal selection brain networks. Brain mechan-
isms for verbal response and semantic selection rely on distinct lateral
prefrontal regions but overlapping parietal regions, showing that

some parts of the selection network are distinct and depend on
selection type; whereas other parts of the network are common across
selection tasks. More specifically, whereas semantic selection relies
mainly on VvIPFC and to some extent dIPFC, response selection relies
only on dIPFC; and both selection tasks involve iPC. These findings
appear inconsistent with the general selection hypothesis that
different kinds of selection are implemented by the same fronto-
posterior brain network. Additionally, the results support the
hypothesis (Schumacher et al., 2003) that the neural mechanisms
for response selection are at least partially representation specific and
this specialization determines the hemisphere recruited to mediate
the selection of an appropriate response.
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