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Abstract
Verbal fluency is a widely used neuropsychological paradigm. In fMRI implementations,
conventional unpaced (self-paced) versions are suboptimal due to uncontrolled timing of responses,
and overt responses carry the risk of motion artifact. We investigated the behavioral and
neurofunctional effects of response pacing and overt speech in semantic category-driven word
generation. Twelve right-handed adults (8 female) ages 21–37 were scanned in four conditions each:
Paced-Overt, Paced-Covert, Unpaced-Overt, and Unpaced-Covert. There was no significant
difference in the number of exemplars generated between overt versions of the paced and unpaced
conditions. Imaging results for category-driven word generation overall showed left-hemispheric
activation in inferior frontal cortex, premotor cortex, cingulate gyrus, thalamus, and basal ganglia.
Direct comparison of generation modes revealed significantly greater activation for the paced
compared to unpaced conditions in right superior temporal, bilateral middle frontal, and bilateral
anterior cingulate cortex, including regions associated with sustained attention, motor planning, and
response inhibition. Covert (compared to overt) conditions showed significantly greater effects in
right parietal and anterior cingulate, as well as left middle temporal and superior frontal regions. We
conclude that paced overt paradigms are useful adaptations of conventional semantic fluency in
fMRI, given their superiority with regard to control over and monitoring of behavioral responses.
However, response pacing is associated with additional non-linguistic effects related to response
inhibition, motor preparation, and sustained attention.
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1. Introduction
Verbal fluency paradigms have traditionally been applied as a factor in the assessment of verbal
intelligence (Thurstone, 1938) and as an index of frontal lobe functioning (Milner, 1964). More
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recently however, verbal fluency paradigms have been used in functional magnetic resonance
imaging (fMRI) studies to identify dominance for language in clinical populations (e.g., Hertz-
Pannier et al., 1997;Lehericy et al., 2000;Yetkin et al., 1998), to help define the roles of frontal
areas involved in normal language processing (Cuenod et al., 1995;Pujol et al., 1999), and to
give insight into the functional maturation of language systems in children (Gaillard et al.,
2000;Gaillard et al., 2003).

The most common measures of verbal fluency are phonemic (letter-based) fluency and
semantic (category-based) fluency. In the conventional version of a verbal fluency paradigm,
production of exemplars is unpaced (self-paced). Subjects are given a period of time (typically
1 or 2 minutes) in which to generate freely as many exemplars as possible from a given category
(e.g., ‘words that begin with s’ for phonemic fluency, ‘animals’ for semantic fluency).

Functional neuroimaging studies of unpaced verbal fluency paradigms in healthy adults have
shown involvement of a variety of regions, including premotor cortex, superior and middle
temporal gyri, and anterior cingulate gyrus (e.g., Parks et al., 1988;Rueckert et al., 1994). The
most consistently reported regions are in left frontal cortex, and more specifically in the left
inferior frontal gyrus, (e.g., Gaillard et al., 2000;Gaillard et al., 2003;Hinke et al.,
1993;Schlosser et al., 1998). This finding is not surprising in view of the decades of
neuropsychological studies that have associated performance on verbal fluency tasks with
frontal lobe functioning (cf. Stuss & Benson, 1986). Involvement of left frontal regions in
verbal fluency is also consistent with a large body of data from lesion-behavior studies (e.g.,
Luria, 1966/1980;Milner, 1982;Stuss & Benson, 1984), event-related potential (ERP) studies
(e.g., Markela-Lerenc et al., 2004;Posner & Rothbart, 1994;Swainson et al., 2003), and
functional neuroimaging studies (e.g., Corbetta et al., 1991;Raichle et al., 1994) that have
demonstrated the importance of the frontal lobes, especially dorsolateral prefrontal regions, in
organizing and carrying out controlled processing, as required during verbal fluency
performance (cf., (Duncan & Owen, 2000;Miller & Cohen, 2001).

1.1 Effects of response pacing
While exemplar production has typically been unpaced in behavioral verbal fluency paradigms,
the lack of control over the timing of the responses can be problematic for the detection of task-
related BOLD responses with fMRI. From this perspective, paced versions of verbal fluency
may be better suited for study with fMRI. To make this determination, it is critical to consider
the potential behavioral and functional neuroanatomical consequences of pacing responses in
this task.

To date, there has not been an explicit comparison of BOLD responses during paced versus
unpaced verbal fluency tasks. However, data from two fMRI studies on the effects of pacing
visuospatial paradigms suggested that applying a fixed pace in a blocked fMRI design does
indeed result in a greater detected BOLD signal (D’Esposito et al., 1997;Seurinck et al.,
2005). Tieleman et al. (2005) observed greater medial temporal lobe activity in unpaced
versions of semantic and perceptual categorization tasks than in paced versions, but noted that
this finding could be a consequence of the greater number of items completed by subjects in
the unpaced condition. Two event-related fMRI studies that used unpaced responses – one in
a verbal recognition paradigm (Daselaar et al., 2001) and one in same/different judgments on
rotated figures (Maccotta et al., 2001) – showed patterns of activation similar to those reported
for paced versions of similar tasks. These earlier results suggest that systematic investigation
of the effects of pacing on BOLD activity is warranted, as these effects may differ based on
the type of task and fMRI design.

In addition to methodological considerations related to optimized detection of BOLD activity,
it is important to investigate differences in task demands and the associated functional
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neuroanatomy that might result from paced (as compared to unpaced) production on verbal
fluency tasks. For example, paced production of exemplars is likely to require greater inhibitory
control and place greater demands on working memory than unpaced production. As such,
brain regions such as the anterior cingulate cortex that have been implicated in cognitive control
processes (cf. (Kerns et al., 2004) may show greater involvement in a paced version of the task
than in an unpaced version. Paced production may also affect behavioral measures, specifically
the number of exemplars generated for a given category. Investigation and consideration of
each of these issues will be critical for determining whether paced verbal fluency should be
adopted for use during fMRI scanning.

1.2 Effects of response mode
In most fMRI studies of language, overt verbal responses have been avoided due to the risk of
motion artifacts that can both mask and mimic the BOLD signal of interest (Birn et al.,
1999). Such artifacts can arise either from changes in head position during speech, or from
speech-related changes in the airways and vocal apparatus that introduce variance in magnetic
susceptibility (Barch et al., 1999;Gracco et al., 2005;Heim et al., 2006;Kemeny et al.,
2005;Mehta et al., 2006). Indeed, even in the absence of significant head movement during
speech, artifacts and distortions related to changes in magnetic susceptibility can be detected
in BOLD images (Kemeny et al., 2005).

Without spoken responses, however, the scope of language tasks that can be implemented in
fMRI is reduced, and the investigators’ ability to assess subject compliance and to obtain direct
measures of behavior is often limited. Previous fMRI studies of verbal fluency and word
generation have mostly relied upon covert responses (e.g., Friedman et al., 1998;Gaillard et
al., 2003;Hugdahl et al., 1999), assessing compliance from post-scan subject report, if at all.
This method can be unreliable even in the subject groups most likely to be compliant, and may
be of little value in children, patients, and other groups for which compliance is often a concern.
Further, without speech there is no direct way to determine the number or accuracy of
exemplars generated during the scans.

Overt verbal responses during fMRI scans are therefore desirable, and some progress has been
made in designing studies that minimize the detrimental effects of speech on fMRI data. Barch
and colleagues (1999) found that interpretable data could be obtained from scans that used
overt responding as long as the primary comparison was between two conditions that both used
overt verbal responses, and the analyses collected were on pooled group data as opposed to
individual data. Some research groups have successfully used compressed or clustered
acquisition designs (e.g., Abrahams et al., 2003;Edmister et al., 1999;Fu et al., 2002) or
interleaved gradient techniques (e.g., Eden et al., 1999) in which the timing of the spoken
responses is offset relative to data acquisition so as to reduce the overlap between them. Such
approaches, however, require longer scanning time, which may be problematic in clinical or
pediatric studies. Other studies have demonstrated that the impact of speech-related motion
can be minimized by using fMRI paradigms with certain characteristics (Birn et al.,
2004;Palmer et al., 2001). For example, Birn et al. (2004) demonstrated that an event-related
design with varying intervals between stimulus onsets optimizes signal detection while keeping
data free from significant motion artifact. Such “jittered” trial designs are, however, less than
ideally compatible with some types of task. For example, insertion of substantially varying
inter-trial intervals in semantic fluency or paced word generation would result in a highly
artificial word production paradigm, presumably associated with robust executive components
that would confound the study of lexical semantics. In spite of such methodological concerns,
the need for tightly monitored behavior during verbal fluency tasks calls for an evaluation of
the effects of overt verbal responses on BOLD data in this paradigm, through a direct
comparison of overt and covert versions of the task.
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1.3 Present Study
The goals of the present study were to examine the behavioral and neurofunctional effects of
generation mode in a 2×2 design, with factors of response pacing and response mode, resulting
in overall four conditions of word generation: Paced-Overt; Paced-Covert; Unpaced-Overt;
and Unpaced-Covert. Based on the limited prior work and the theoretical considerations
reviewed above, we anticipated that effects of category-driven word generation would be
overall more robust for paced than for unpaced conditions, and for overt than for covert
conditions. In addition, we expected that the paced conditions of the category-driven word
generation task would be associated with additional prefrontal brain activations beyond left
inferior frontal gyrus, due to the increased executive demands of the paced relative to the
unpaced conditions.

2. Methods
A group of 12 right-handed adults (4 males, 8 females) ages 21–37 years (mean = 25.6)
participated in the fMRI experiment. Participants were students from San Diego State
University who had acquired English as their first language (with no second language exposure
before age 5 years), were right-handed, and had no history of head injury or psychiatric
conditions. The study was approved by the Internal Review Boards of San Diego State
University and the University of California, San Diego, and all subjects provided informed
consent.

2.1 fMRI Experiment
Images were acquired on a 3 Tesla Varian MRI scanner at the Center for Functional MRI of
the University of California, San Diego. In each functional run, four experimental blocks (42
seconds each) alternated with four control blocks (28 seconds each) for a total duration of 4
minutes and 48 seconds per run (four initial volumes were discarded to allow magnetization
to reach equilibrium). Four functional runs (144 time points each, TR = 2000 ms) were
acquired, one for each of the four conditions of the category-driven word generation paradigm:
Paced-Overt; Paced-Covert; Unpaced-Overt; and Unpaced-Covert. Order of the functional
runs was counterbalanced across subjects. For the control blocks subjects generated the word
“nothing” according to the experimental condition (Paced-Overt, Paced-Covert, Unpaced-
Overt, Unpaced-Covert).

At the beginning of each run, subjects were instructed as to whether to generate items silently
or aloud for the upcoming run. At the beginning of each task block within the run, a pre-
recorded auditory prompt (e.g., “Tell me body parts”) was played, indicating the category for
which exemplars were to be generated during that block. The use of Presentation software
(Neurobehavioral Systems, Inc., 2003) ensured exact timing of prompts. For each subject, a
total of 16 semantic categories was presented across the four different conditions, four
categories per condition: animals, academic subjects, body parts, car parts, colors, drinks, food,
furniture, hobbies, musical instruments, occupations, shapes, sports, tools/appliances, things
you wear, and transportation. The assignment of categories to different conditions was
randomized. Other categories were used for practice with each of the four experimental
conditions before the scanning session.

Overt responses were obtained via a Commander XG MRI-compatible patient response and
sound system (Resonance Technology, Inc., Northridge, CA), which includes a microphone
attached to headphones worn by the subject during the MR scans. Responses were recorded
on a laptop computer using SoundEdit 16 software (Macromedia, Inc., 1995) at a sampling
rate of 44.1 kHz. Recordings were subsequently played back for transcription using Audacity
open source sound recording and editing software (http://audacity.sourceforge.net/).
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Recordings of overt responses were obtained from ten of the twelve subjects (technical
difficulties did not allow recording of the other two subjects). Because the recordings contained
high-volume scanner noise in addition to spoken responses, attempts were made to filter the
recordings to remove scanner noise and improve intelligibility of the vocal responses. Two
methods developed specifically for fMRI were employed, one using adaptive spectral
subtraction (ASSERT; Nelles et al., 2003), and one using a cancellation procedure based on
an estimate of scanner noise generated from a sample TR (Cusack et al., 2005). While both of
these methods were effective in reducing scanner noise, they also removed frequencies that
were part of the speech responses, rendering them unintelligible. This was not surprising for
the ASSERT method, which is very effective for measuring vocal response latencies but is not
necessarily designed to improve intelligibility of responses (Nelles et al., 2003). For the
cancellation method, improved intelligibility was reported by Cusack et al. (2005), but it is
likely that the success of this method depends upon the particular frequencies of the gradient
coils and pulse sequences being used, and the degree to which they overlap with the human
voice frequency spectrum.

The most effective approach for our recordings turned out to be using an equalizer function in
the Audacity program to increase frequencies less than 300 Hz and to decrease frequencies
greater than 400 Hz. This decreased the volume of the scanner noise considerably, which
contributed to increased audibility of the responses. Still, in two of the ten subjects for whom
recordings were available, the responses remained unintelligible even after equalization,
perhaps due to placement of the microphone. Thus, behavioral results are reported from eight
of the twelve subjects below.

2.2 Paced versions
In the paced conditions (Paced-Overt; Paced-Covert) subjects were presented with an
exclamation mark (!) on the screen to prompt them to produce one item every 3 seconds, aloud
in the overt condition and silently in the covert condition. At the start of a category a fixation
crosshair appeared on the screen for 4 seconds during which a prompt played for 2 seconds
(e.g., “Tell me body parts”) followed by a 2-second pause. The crosshair was then replaced by
an exclamation mark (!) for 1.5 seconds to signal the subjects to produce one exemplar. This
was followed by the crosshair for 1.5 seconds before the next exclamation mark appeared.
Twelve exclamation marks were presented for each category, thus subjects could produce up
to 12 items. Subjects were instructed to say the word “nothing” if they were unable to generate
an exemplar when they saw an exclamation mark. Asking subjects to produce the word
“nothing” (rather than simply remain silent) served to better match the articulatory components
of the task and control conditions.

2.3 Unpaced versions
In the unpaced conditions (Unpaced-Overt; Unpaced-Covert), the exclamation point – rather
than appearing on the screen every 3 seconds – stayed continuously on the screen for 36
seconds. Subjects were instructed to name (aloud or silently, depending on the condition) as
many exemplars as possible at their own pace for as long as the exclamation point was on the
screen (i.e., 36 seconds). Similar to the paced versions, subjects were instructed to say the word
“nothing” when they could not produce exemplars, but at their own pace.

2.4 Analyses
Data for each of the twelve subjects were preprocessed using the FMRIB Software Library
(FSL; http://www.fmrib.ox.ac.uk/fsl/). Functional runs underwent brain extraction (BET), then
image time series were motion corrected (FEAT), registered to the high-resolution structural
volume of the individual subject, normalized to standard space (FLIRT), and concatenated for
statistical analysis. Using Analysis of Functional NeuroImages (AFNI) software (Cox, 1996),
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the concatenated data were spatially smoothed (6 mm Gaussian kernel) and hemodynamic
changes for alternating task and control blocks were fitted with hemodynamic models for
conditions of interest. Multiple regression and general linear tests were performed in each
subject for fluency overall (collapsed across all four conditions), for each factor (i.e., mode of
generation: paced, unpaced; covert, overt), and for direct-factor comparisons (paced vs.
unpaced, overt vs. covert). Time series of detected motion for each axis and rotation were
entered as orthogonal regressors. For groupwise analyses, one-sample t-tests were carried out
entering fit coefficients from intraindividual analyses. To correct for multiple comparisons,
cluster significance was determined by Monte Carlo-type alpha simulations (Forman et al.,
1995) for a corrected significance threshold of p<.05.

3. Results
3.1 Behavioral Data

Response pacing may conceivably result in decreased numbers of exemplars generated during
a fixed block duration, either due to greater task difficulty or ceiling effects for the limited
number of prompts per block. Any significant difference in the number of exemplars produced
in the two conditions could complicate the interpretation of imaging data.

Intelligible recordings of overt responses were obtained from eight of the subjects (see Methods
for a complete description). Responses from the overt conditions were transcribed and scored
to exclude any exemplars that were repeated within a category. For each of the eight subjects,
the mean number of exemplars was computed for the overt paced condition (4 categories) and
for the overt unpaced condition (4 categories). These means and their associated standard errors
are shown in Figure 1. A one-tailed paired t-test revealed that the mean number of exemplars
did not differ significantly between the paced (mean across subjects = 10.19; SD = 1.17) and
unpaced (mean = 10.66; SD = 1.62) conditions, t (7) = −1.08, p=.16. No significant performance
differences in any of the participants were found either when numbers of exemplars per block
were compared intraindividually (see Figure 1).

3.2 Imaging Data
Head motion—Rigid body registration carried out during preprocessing of the imaging data
provided estimates of translation and rotation of the head in the x, y, and z planes at each time
point in a run, relative to the position of the head on the 70th time point of that run. To assess
differences in head motion among the 4 experimental conditions, the standard deviation of
each of the 6 resulting measures (translation and rotation in the x, y, and z planes) across all
time points in a run was computed for each of the 4 runs, for each of the 12 subjects. The mean
deviation in head position across the 6 directions was then computed for each subject, for each
of the 4 experimental conditions. The resulting mean values were subjected to a 2-factor
ANOVA with Pacing (paced or unpaced) and Response Mode (overt or covert) as within-
subjects factors.

Across subjects, the mean deviations in head position for the Unpaced-Covert, Paced-Covert,
Unpaced-Overt, and Paced-Overt conditions were 0.074 mm, 0.026 mm, 0.101 mm, and 0.050
mm, respectively (Fig. 2). The main effect of Response Mode was significant (p = .024), with
greater motion in the overt than covert conditions. With regard to the main effect of Pacing,
there was a trend of greater head motion during unpaced conditions, which approached
significance (p = .054). There was no significant interaction between Response Mode and
Pacing (p = .70).

Effects for word generation overall—As anticipated, category-driven word generation
overall was associated with activation in left inferior frontal gyrus (approximate Brodmann
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areas 44, 45), in addition to left cingulate gyrus (area 32), left middle frontal gyrus (area 6),
left lingual gyrus (area 19), and left thalamus (see Table 1 and Fig. 3A).

Effects for generation modes (factors)—For paced versions, significant activations
were identified in left inferior frontal (area 45), left middle frontal (area 6), left superior medial
frontal/anterior cingulate (area 32), and left posterior cingulate/lingual gyri (areas 30, 18), as
well as left thalamus/lentiform nucleus and midbrain (see Table 2 and Fig. 3B). The unpaced
version showed less robust brain activation patterns with only one significant cluster in left
inferior frontal gyrus (areas 44, 45). Despite the added risk of motion confounds, overt speech
was associated with activation in left inferior frontal gyrus (areas 44, 45, 46). However, more
extensive brain activation was seen for covert responses with activations in right cingulate
(area 32), left inferior frontal (areas 45, 46), and left middle frontal gyri (area 6; see Table 2
and Fig. 3D).

Direct factor (mode) comparisons—As expected, the paced conditions were associated
with additional prefrontal activation relative to the unpaced conditions, with significant
activation clusters seen in right middle frontal gyrus (area 6), left middle frontal gyrus (areas
9, 6), left superior frontal gyrus (area 6), and right anterior cingulate gyri (area 32). In addition
to these prefrontal regions, greater activation for the paced conditions was seen in right superior
temporal gyrus (areas 22, 42), right caudate nucleus, right inferior occipital gyrus (area 18),
left cingulate (areas 23, 24) gyrus, left putamen, and cerebellar vermis. These regions are
presented in Table 3 and Fig. 3C. No significant inverse effects (unpaced > paced) were found.

For the comparison of overt versus covert conditions, our findings were contrary to our
predictions. Significantly greater activation (p < .05) was seen for covert conditions relative
to overt conditions in left middle temporal gyrus (area 21), left superior frontal gyrus (area 6),
right cingulate gyrus (area 32), right superior frontal gyrus (area 11), right inferior and superior
parietal lobes (areas 40, 7), as well as left parahippocampal gyrus (areas 35, 36) (see Table 3
and Fig. 3E). No significant inverse effects (Overt > Covert) were found.

4. Discussion
Our imaging results corroborate those of previous functional imaging studies of verbal fluency
(e.g., Abrahams et al., 2003;Gaillard et al., 2003;Phelps et al., 1997), with fluency overall
(regardless of pacing or mode of response) activating large portions of the left inferior frontal
gyrus (areas 44 and 45). These regions are believed to contribute to word retrieval and working
memory in verbal fluency tasks. Additional cortical activation clusters were seen in left anterior
cingulate gyrus (area 32), which most likely reflects the attentional demands of the task (cf.
(Abrahams et al., 2003;Phelps et al., 1997). Subcortical activation occurred in the thalamus
and basal ganglia, consistent with previous imaging studies documenting participation of these
structures in lexical generation (e.g., Crosson, 1999;Crosson et al., 2003).

When examining effects of the four different generation modes (paced, unpaced; overt, covert),
the benefits of pacing were evidenced by robust brain activation patterns associated with this
factor (Table 2; Fig. 3). Activation clusters were seen in left inferior frontal (areas 45, 44), left
middle frontal (area 6), and left superior medial frontal/anterior cingulate gyri (area 32). These
brain areas are consistent with the reported brain activation patterns found in previous
conventional semantic fluency imaging studies (Gaillard et al., 2003;Hugdahl et al.,
1999;Paulesu et al., 1997). Our results support the hypothesis that experimental control over
response timing yields a maximally sustained hemodynamic response and robust brain
activation patterns (D’Esposito et al., 1997). Moreover, the cluster activations associated with
the overall fluency analysis were very similar to the robust activations found in the paced
versions indicating that effects for fluency overall were mostly driven by the paced versions.
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As for unpaced versions, activation was overall less robust. Thus, our results strongly indicate
that the fMRI adaptation of a paced version of the category-driven word generation task is
preferable.

A direct comparison of generation mode factors revealed greater activity in a number of
prefrontal regions for the paced relative to the unpaced conditions (Table 3; Fig. 3C). In support
of our hypothesis, these regions were observed outside left inferior frontal gyrus, i.e., in right
middle frontal gyrus (area 6), left middle and superior frontal gyri (areas 9, 6), and right anterior
cingulate gyrus (area 32). It is not surprising that these regions showed greater involvement in
the paced conditions, since they are known to be involved sustained attention (Lawrence et al.,
2003), working memory (Belger et al., 1998), motor planning (Murphy et al., 1997), and
response inhibition (de Zubicaray et al., 2000). The direct factor comparison did not reveal any
regions in which activity was greater during the unpaced conditions relative to the paced
conditions.

The regions that differed between the paced and unpaced conditions differed from those that
were observed for fluency overall, suggesting that paced and unpaced fluency share a core set
of regions, with additional regions recruited for the paced conditions. As an obvious possibility,
activational differences between paced and unpaced conditions might be due to greater
numbers of exemplars participants may generate when not required to pace their responses.
However, our behavioral results indicate only very small performance differences between the
two versions with regard to the number of exemplars produced. These differences were not
significant in a groupwise analysis, nor were they significant in any single subject when
performance for the four paced and four unpaced blocks was compared intraindividually. Since
there were no robust or consistent performance differences between the two conditions, it is
extremely unlikely that performance variability might have resulted in any significant
activational differences detected in our analyses.

The rate of speech production has been shown in previous parametric studies to be associated
with increased activity in motor regions, such as cerebellum, primary motor cortex,
supplementary motor area, and thalamus (Riecker et al., 2005;Wildgruber, Ackermann &
Grodd, 2001), i.e., in regions that mostly differed from those showing effects for paced
(compared to unpaced) conditions in the current study. Possible exceptions are the cerebellum
and medial superior frontal area 6. Note, however, that rate-related effects in these previous
studies (Riecker et al., 2005;Wildgruber et al., 2001) occurred in the cerebellar hemispheres,
whereas paced conditions in our study activated the vermis. Three further clusters observed in
our study could be speech-rate related: Right superior temporal activity could be associated
with monitoring of one’s own speech (Price et al., 1996); and activity in the right caudate
nucleus and left putamen occurred in regions known to participate in speech motor functions
(Price et al., 1996;Riecker et al., 2005). However, since word production rate was overall
minimally lower for paced than for unpaced conditions, it remains unclear how detected effects
could be motor-related. It is possible that regular timing of articulatory processes in paced
conditions increased the overall detectability of speech motor effects. Although paced
experimental conditions were matched with analogously paced control conditions (saying
“nothing” repeatedly), the observed effects could be related to greater articulatory effort during
novel word generation.

Response pacing was also not associated with increased head motion; on the contrary, we found
a non-significant trend for reduced head motion in the paced compared to the unpaced
conditions, which may have contributed to the overall more robust activation effects for the
paced conditions. The comparatively robust activation effects for the paced conditions are thus
partly explained by methodological advantages (more optimal distribution of exemplar
production throughout task blocks, possibly reduced head movement), but also by additional
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cognitive demands (such as working memory and response inhibition), compared to unpaced
conditions.

The differences between overt and covert conditions were not consistent with our expectations.
Direct factor comparisons revealed a number of regions with greater activity for the covert
compared to the overt conditions (Table 3 and Fig. 3E), whereas no significant inverse effects
were found. The regions showing greater activity during covert conditions included the right
superior and inferior parietal cortex, the left anterior cingulate gyrus, the superior frontal gyrus
(area 6 on the left and area 11 on the right), and the left middle temporal gyrus (area 21). The
finding of greater activity during covert than overt conditions differs from some previous
results. For example, Barch and colleagues (Barch et al., 1999) found that in a Stroop paradigm,
expected effects were seen only for overt – but not covert – responses. Shuster and Lemieux
(Shuster & Lemieux, 2005) directly compared overt and covert word repetition and found
numerous sites in precentral, insular, lateral temporal, and occipital regions showing greater
activation for their overt condition.

Increased activity in covert compared to overt word generation could reflect greater overall
signal variance in overt conditions due to greater head motion. Although detected head motion
was generally low in all four conditions of our study, it was as expected significantly greater
for overt than for covert conditions. Orthogonal regressors based on detected motion were used
for protection against type-I error resulting from changes in head position. It should also be
noted that in our study, absence or presence of overt speech was matched across task and control
conditions, i.e., effects for overt generation were detected in comparison to an overt speech
baseline whereas the baseline condition for covert generation was also covert. This stands in
contrast to some previous studies that directly compared overt and covert conditions and
reported stronger activity mostly in motor-related regions for overt conditions (Palmer et al.,
2001;Shuster & Lemieux, 2005). Such effects were not to be expected for our paradigm and
did indeed not occur. In view of previous findings (Barch et al., 1999), activation images based
on comparisons of two conditions with similar speech production is expected to limit artifacts
induced by magnetic susceptibility changes.

Further, within the overt conditions of our paradigm, articulation was well matched between
task and control blocks. While this is to be expected for the paced responses given that subjects
say a word at each prompt, it would not necessarily be the case for unpaced responses in which
subjects establish their own pace of responding during the task and control periods. To
determine how well matched the task and control blocks in the unpaced conditions were, the
rates of responding in the task and control periods were compared. There was no significant
difference between the mean response rates during the task and control periods.

If increased head motion had been a primary factor explaining our findings, it would have
resulted in stronger detectable activation effects for covert conditions in regions known to be
involved in lexical retrieval, such as inferior frontal cortex. While increased head motion during
overt speech cannot be ruled out as a factor accounting for effects in left middle temporal gyrus
(but see below) and parahippocampal regions, this explanation would not account for the
majority of clusters showing such effects. Greater effects for covert conditions were seen in
several right hemisphere regions, such as the anterior cingulate gyrus and the superior parietal
lobe. Even a left hemispheric effect in superior frontal area 6 is unlikely to reflect activity
associated with lexical retrieval, but rather explained by sustained and divided attention and
movement-related conflict (Diedrichsen et al., 2006), given that our task required task
performance (word generation) in the context of a conflicting instruction (not to articulate).
Response conflict (Fan et al., 2003) and inhibition (Booth et al., 2003;de Zubicaray et al.,
2000;Mostofsky et al., 2003;Rubia et al., 2000) have also been found to be associated with
activity in inferior and superior parietal, superior frontal, anterior cingulate, and middle
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temporal regions in the vicinity of effects for covert versus overt production identified in the
present study. It is therefore likely that these effects were predominantly related to the
functional components mentioned above, which are orthogonal to lexical retrieval and word
generation. Nonetheless, it cannot be ruled out that greater susceptibility artifact (related to
movement of the oral cavity) in the overt conditions may have contributed to greater effects
for covert conditions on direct comparison.

Our finding of relatively strong effects for covert compared to overt conditions is consistent
with previous studies showing that covert word generation cannot be simply equated to overt
responses minus articulatory motor execution, but instead contains additional extralinguistic
functional components (Barch et al., 1999;Huang et al., 2002). It is also consistent with a recent
review by Indefrey and Levelt (2004) showing that covert word generation is reliably
associated with activity in various brain regions that activate less consistently in overt speech
paradigms (even those with silent control conditions). Among these regions are the left middle
temporal gyrus and the medial portion of the left superior frontal cortex, which were also found
to show greater effects for covert than overt conditions in the present study.

As a general conclusion, our results suggest that specific task conditions chosen for eliciting
a given linguistic process (category-driven word generation) have substantial impact on
observed brain activation patterns. More specifically, our findings corroborate previous studies
suggesting that covert versions of word generation paradigms do not only suffer from
limitations in response monitoring, but also include extralinguistic functional components
(related to divided attention, response conflict, and inhibition), which may confound the
linguistic interpretation of regional activations. Our results suggest that extralinguistic
components are also at work in paced generation paradigms, which put higher demands on
working memory and transient response inhibition compared to unpaced generation. These
components necessitate careful interpretation of regional hemodynamic effects. However,
despite such disadvantages paced paradigms also have important strengths, such as tighter
control over and reduced individual variability of task performance as well as potentially
reduced head motion, resulting in an overall more robust pattern of language-related
hemodynamic responses. Paced overt paradigms may be combined with sparse acquisition
techniques to minimize motion and susceptibility artifact (e.g., Schwarzbauer et al., 2006).
However, it is beyond the scope of the present study to examine the relative trade-offs related
to increased session length and interrupted task performance in such techniques.
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Fig 1.
Mean number of exemplars generated by each of subjects in the paced overt (solid) and unpaced
overt (hatched) conditions. Error bars are standard error of the mean. The inserted p-values
result from 2-tailed t-tests performed for each subject comparing exemplars generated in four
paced versus four unpaced blocks.
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Fig 2.
Mean deviation in head position for each of the four generation modes, collapsed across twelve
subjects and six movement directions (translation and rotation in the x, y, and z planes). Error
bars are standard error of the mean.
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Fig 3.
T-maps showing clusters of significant activation for (A) word generation overall, collapsed
across generation modes. Effects associated with Response Pacing are shown in (B) for Paced
and Unpaced conditions and for the direct comparison between Paced and Unpaced conditions
(C), which yielded greater activity in Paced conditions (but no inverse effects). Effects
associated with Response Mode are seen in (D) for the Overt and Covert conditions and the
direct comparison between the two modes (E), which resulted exclusively in greater effects
for the Covert conditions.

Basho et al. Page 16

Neuropsychologia. Author manuscript; available in PMC 2008 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Basho et al. Page 17

Table 1
Overall Effects for Category-driven word generation (across all four conditions)

Talairach Coordinates

Location
Cluster Size (ml) x y z Peak t value (approximate Brodmann Area)

4568 −13 −17 15 8.9 Left thalamus
−16 −6 13 8.0 Left lentiform nucleus

4336 −34 17 17 12.5 Left inferior frontal (44/45)
2608 −4 17 39 9.3 Left cingulate (32)
2336 −24 2 52 9.5 Left middle frontal (6)
1752 −9 −58 −2 7.7 Left lingual (19)

Note. All clusters p < .05 corrected.
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Table 2
Factor-Specific Effects for Paced, Unpaced, and Covert

Talairach Coordinates

Peak Location
Cluster Size (μl) x y z t value (Brodmann Area)

Paced
 3120 −14 −9 17 11.3 Left thalamus/lentiform nucleus
 2760 −5 15 37 10.3 Left superior medial frontal (32)/

anterior cingulate
 2664 2 −30 −8 10.4 Midbrain
 2360 −9 −54 7 10.6 Left posterior cingulate (30)/lingual

(18)
 2320 −38 28 15 9.3 Left inferior frontal (45)

−40 13 15 8.6 Left inferior frontal (44)
 1424 −24 6 49 12.9 Left middle frontal (6)
Unpaced
 1968 −34 −17 17 9.5 Left inferior frontal (44/45)
Overt
 2464 −43 30 15 8.8 Left inferior frontal (44/45)

−42 17 24 7.8 Left inferior frontal (44/46)
Covert
 4176 5 26 25 11.8 Right cingulate (32)
 2768 −38 24 22 9.7 Left inferior frontal (45/46)
 1624 −24 4 52 8.8 Left middle frontal (6)

Note. All effects p < .05 corrected.
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Table 3
Direct Factor Comparisons of Paced Versus Unpaced and Covert Versus Overt

Talairach Coordinates

Peak Location
Cluster Size (μl) x y z t value (approximate Brodmann Area)

Paced > Unpaced
 6832 56 −34 17 8.6 Right superior temporal (22)
 3952 7 15 − 5 7.6 Right caudate nucleus
 3720 33 4 50 7.3 Right middle frontal (6)
 3192 29 −90 0 8.0 Right inferior occipital (18)
 1968 −47 9 39 7.4 Left middle frontal (9/6)
 952 −27 0 10 6.2 Left putamen
 880 51 −15 10 7.5 Right superior temporal (42)
 848 − 7 6 66 7.1 Left superior frontal (6)
 840 − 2 −64 −17 5.9 Cerebellar vermis
 624 − 9 −11 30 6.8 Left cingulate (23/24)
 528 7 15 39 9.4 Right anterior cingulate (32)
Covert > Overt
 448 22 −52 66 −6.5 Right superior parietal lobule (7)
 376 −43 −21 − 3 −7.3 Left middle temporal (21)
 344 −14 − 7 54 −5.4 Left superior frontal (6)
 320 5 24 −10 −6.3 Right cingulate (32)
 256 14 54 −12 −6.8 Right superior frontal (11)
 224 40 −58 47 −5.5 Right inferior parietal lobe (40)
 224 33 −45 64 −6.2 Right superior parietal lobe (7)
 200 −27 −19 −18 −6.1 Left parahippocampal (35/36)

Note. All clusters p < .05 corrected. No significant effects unpaced > paced or overt > covert were found.
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