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Abstract: Verbal fluency and confrontation naming, two tests of word retrieval, are of great utility in the
field of cognitive neuroscience. However, in the context of functional magnetic resonance imaging (fMRI),
movement artefact has necessitated the use of covert paradigms, which has limited clinical application.
We developed two overt fMRI paradigms that allowed for performance measurement and hence were
appropriate for use with patient groups. The paradigms incorporated a blocked-design and compressed-
acquisition methodology where cues were presented and responses made in a “silent” period allowing for
performance measurement. The slow response pace was specifically designed for older and potentially
cognitively impaired participants. Verbal fluency was associated with activation in the middle frontal
gyrus (Brodmann areas 46 and 9), anterior cingulate gyrus and inferior frontal gyrus (area 44 and 45).
Confrontation naming activated areas of the temporo-occipital cortices (areas 18, 19, and 37) and the
inferior frontal gyrus. The two paradigms successfully activated regions involved in executive and word
retrieval processes and overcame the potential artefacts resulting from overt speech during image
acquisition, providing useful neuropsychological tools to investigate cognitive deficits in clinical popu-
lations. Hum. Brain Mapping 20:29—-40, 2003.  © 2003 Wiley-Liss, Inc.
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from high frequency to rare object names) which they

Verbal fluency and confrontation naming are two
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are required to name, e.g., Boston Naming Test,
[Kaplan et al., 1983]; Graded Naming Test, [McKenna
and Warrington, 1983]. This procedure has typically
been employed to assess dysnomia, which is com-
monly found in cerebrovascular disorders and neuro-
degenerative conditions [Margolin et al., 1990]. Im-
pairments on this test have been directly related to
extent of temporal lobe pathology in Alzheimer’s dis-
ease [Wilson et al., 1996]. In tests of verbal fluency the
participant is required to say or write as many words
as they can beginning with a given letter of the alpha-
bet in a limited period of time (e.g., Controlled Oral
Word Association [Benton and Hamsher, 1976]; Thur-
stone’s Word Fluency Test [Thurstone and Thurstone,
1962]). This procedure also involves processes of word
retrieval but is characterised by rapid intrinsic word
generation, where responses are minimally specified
by external cues or triggers [Frith et al., 1991a,b]. In
terms of Baddeley’s working memory model, [Badde-
ley, 1986, 1996] verbal fluency places heavy demands
on the central executive with the initiation of effective
retrieval strategies to organise thinking and aid gen-
eration [Estes, 1974; Laine, 1988; Troyer et al., 1997]
and the continual switching between retrieval strate-
gies [Troyer et al., 1997]. Hence, in addition to the
processes of word retrieval, verbal fluency also
strongly engages executive processes and has been
employed to measure executive dysfunction in clinical
populations [Baddeley and Wilson, 1988]. This task is
particularly disrupted by lesions to the frontal lobes
and is sensitive to disorders such as focal epilepsy,
tumours, traumatic brain injury [Baldo and Shi-
mamura, 1998] and neurodegenerative disease includ-
ing frontal lobe dementia and amyotrophic lateral
sclerosis [Abrahams et al., 2000].

Functional magnetic resonance imaging (fMRI) par-
adigms of verbal fluency [e.g., Paulesu et al., 1997;
Pujol et al., 1996; Schlosser et al., 1998; Smith et al.,
1996] and confrontation naming [Smith et al., 1996;
Spitzer et al., 1998, 1995; Votaw et al., 1999] have been
developed, but typically have been restricted to covert
responses due to the potential artefacts resulting from
overt speech during image acquisition. Two studies
have employed an overt methodology in their inves-
tigation of verbal fluency [Phelps et al., 1997; Yetkin et
al., 1995]. However, in the study by Phelps et al.
[1997], much data needed to be discarded due to
movement artefact. In addition Yetkin et al. [1995]
showed that overt word generation produced greater
artefactual activation than covert procedures which,
they suggested, was related to the increased facial
movements needed to perform the task during image
acquisition. Movement artefacts are not solely pro-

duced by facial movements, but also by movement of
the tongue and soft palate and of the air. To minimize
such movements Small et al. [1996] used a bite plate
during word reading in two subjects, whereas Barch et
al. [1999] avoided scanning the plane of the mouth and
throat during a Stroop paradigm. Such designs clearly
limit the applicability of this procedure.

Performance measurement is essential for the inves-
tigation of patient groups who may be impaired on
such cognitive tasks. Speech output cannot be moni-
tored during covert procedures and overt designs
have the additional problem of noise interference from
rapidly switching MR gradients. An acquisition meth-
odology that overcomes these problems allows for the
stimulus presentation and response to occur in a “si-
lent” period in between image acquisitions. Variations
of this procedure have been described in auditory
activation studies (clustered volume acquisition [Ed-
mister et al., 1999]; sparse imaging [Elliott et al., 1999;
Hall et al., 1999] and in a finger movement study
(behaviour interleaved gradients technique [Eden et
al., 1999]). The potential application of such proce-
dures to clinical populations, however, has as yet been
unrecognised. The aim of this study was to develop
two overt word retrieval functional imaging tasks ap-
propriate for use with clinical groups, using both au-
ditory and visual presentation (verbal fluency and
confrontation naming). A similar methodology (com-
pressed acquisition) with more complex cognitive pro-
cedures than has been employed previously was used.
Both procedures were developed to ensure that overt
responses could be monitored effectively and could
accommodate an older, potentially impaired, partici-
pant group. In addition, such investigations in healthy
control subjects are a valuable and necessary first step
before clinical application to determine the cerebral
regions underlying these distinct cognitive processes.

SUBJECTS AND METHODS
Participants

Eighteen right-handed, healthy participants (14
men, 4 women), were recruited from advertisements
placed in the local area and from voluntary organisa-
tions. Written informed consent was given by all par-
ticipants in accordance with the declaration of Hel-
sinki and the study was approved by the Bethlem and
Maudsley NHS Trust/Institute of Psychiatry ethics
committee. No participant had a history of neurolog-
ical disorder, previous significant head injury, cere-
brovascular disease, hypertension, or psychiatric dis-
order and none were taking psychoactive medication.
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The participants were between 39-76 years of age
(mean age = 56.7 years, SD = 12.1), and the mean
number of years of education was 13.9 (SD = 2.7).
Intellectual ability was assessed using the National
Adult Reading Test (NART) [Nelson and Willison,
1991] and the Raven’s Standard Progressive Matrices
(SPM) [Raven, 1958]. The mean NART predicted full
scale IQ was 113.4 (SD = 8.9) and mean Raven’s SPM
score was 48.2 (SD = 9.3).

Image acquisition

Data were acquired using a 1.5 T GE Signa NV/i
System (GE, Milwaukee, WI) at the Maudsley Hospi-
tal, London. Daily quality assurance was carried out to
ensure high signal to ghost ratio, high signal to noise
ratio and temporal stability using automated quality
control procedures [Simmons et al., 1999]. A quadra-
ture birdcage head coil was used for RF transmission
and reception. One hundred T2*-weighted echo pla-
nar images depicting BOLD contrast were acquired
from 14 non-contiguous planes parallel to the AC-PC
plane (slice thickness = 7 mm, slice gap = 0.7 mm, TR
= 6,000 msec, TE = 40 msec, 6 = 90 degrees). A
compressed pulse sequence was used where the data
acquisition took place within the first 2 sec of each TR,
with 4 sec during which the participant provided an
overt response when there was no sound of the MR
gradients. A high resolution inversion recovery echo
planar image of the whole brain was also obtained (TE
= 73 msec, TI = 180 msec, TR = 16,000 msec) for
subsequent registration to the standard stereotactic
space of Talairach and Tournoux [Talairach and Tour-
noux, 1998].

Experimental design

The two activation paradigms consisted of a peri-
odic block design with alternating periods of baseline
and experimental conditions for 60 sec each. Each
condition was repeated five times across a 10-min
scanning schedule for each task. During the tasks the
participant was presented with a stimulus cue every 6
sec and responded overtly with a single word in a
4-sec quiet period. This was followed by 2 sec of
compressed sequence acquisition.

Verbal fluency

The experimental condition consisted of letter-
based word generation in which the participant heard
an auditory cue of a letter via headphones and re-
sponded overtly with a word beginning with that

letter during the 4 sec period. On failure to generate an
appropriate word the participant was required to say
the word “PASS” during the quiet, 4 sec response
time. A different letter (T, A, B, G, F) was presented for
each 60-sec block. To ensure that the participant cor-
rectly heard the cue, the first presentation of each
block consisted of the letter followed by the corre-
sponding word from the phonetic alphabet (e.g., “a for
alpha”) during which they remained silent (Fig. 1).
During the baseline condition the participant was
cued by auditory presentation of the word “REST”
which they were required to repeat in the 4-sec period.
The optimum rate of presentation of the letters in the
experimental condition (one word every 6 sec) was
established before the scanning investigation in a rig-
orous pilot study of paced verbal fluency in healthy
controls (including older participants) and patients
with degenerative disease. This slow rate of presenta-
tion was optimal for patients who performed poorly
on standard tests of verbal fluency to perform the task
successfully with few passes [Abrahams et al., 1996].

Confrontation naming

In the experimental condition the participant was
presented with a visual line drawing of an object for 4
sec and was required to say the correct name of the
object during the response period (Fig. 1). Ten draw-
ings were presented in each 60-sec block. On failure to
say an appropriate name the participant was required
to say the word “PASS” during the 4-sec response
time. In the baseline condition the participant was
presented with a meaningless fragmented picture and
was required to say the word “REST”. The pictures
were projected onto a screen located at the base of the
scanning table. The participant viewed the screen via
mirrors angled above their head in the scanner. The
line drawings were selected from the Boston Naming
Test [Kaplan et al., 1983] and were supplemented with
pictures from the Snodgrass and Vanderwart [1980]
series.

Immediately before the scanning session the partic-
ipant underwent a practice verbal fluency and con-
frontation naming task using different stimuli, with
simulated sound of the MR gradients. This familiar-
ised them with the instructions and compressed ac-
quisition scanning protocol and ensured that they
were able to undertake the task with few passes and
would only respond during the quiet periods.

Image analysis

Movement estimation and correction procedures as
described by Friston et al. [1996] were first applied to
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Figure 1.
Schematic diagram of verbal fluency (above)
and confrontation naming (below) paradigms.
Participant is presented with stimulus cue and

responds overtly during 4-sec quiet period.
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the data. The data were then analysed by convolving
the experimental design with two Poisson functions
parameterising the haemodynamic delays of 4 and 8
sec [Friston et al., 1998]. The weighted sum of the two
convolutions giving the best (least squares) fit to the
time series at each voxel was computed and the sums
of squares due to the fitted model and the residuals
evaluated. The ratios of model/residual sum of
squares were then evaluated for significance by com-
parison with a null distribution computed by repeat-
ing the fitting procedure ten times at each voxel after
wavelet-based random permutation of the time series.
This non-parametric procedure has been reliably val-
idated for use with fMRI time series analyses [Bull-
more et al., 2001]. Statistical testing at group level was
carried out after transformation of the data into stan-
dard space [Brammer et al., 1997]. Median activation
maps were computed at a voxel-wise probability of a
false activation of P < 0.005 and significant areas of
in-phase activation only are described below. Corre-
lations between task performance and age and brain
activation were calculated by fitting a linear regression
model at each intracerebral voxel in standard space.
Spatial statistics and permutation testing were used

This is followed by 2-sec image acquisition.

for inference [Bullmore et al., 2001; Sigmundsson et al.,
2001].

RESULTS
Task performance during scanning

In the verbal fluency paradigm the number of dif-
ferent words produced (excluding passes) was re-
corded as a measure of task performance during scan-
ning. All participants were clearly capable of
performing the word generation task successfully and
on average produced 42.6 (SD = 1.8) different words
from a total of 45 possible responses. In the confron-
tation naming task the number of correct names was
recorded and participants produced on average 45.2
(SD = 3.8) correct responses from a possible maxi-
mum of 50. A series of non-parametric correlations
(using Spearman’s rank order correlations) were con-
ducted between measures of task performance on both
scanning paradigms and participant characteristics of
age and intellectual ability as assessed by the NART
and Raven’s SPM. A significant correlation was re-
vealed between the number of correct names in the
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Figure 2.
Generic brain activation map of verbal fluency. Areas of significant
activation (P < 0.005) during word generation (highlighted). Axial
slices parallel to the AC-PC plane are displayed for Talaraich z
coordinates 22 mm, 27 mm (above) and 32 mm, 37 mm (below).

confrontation naming procedure and age only (r
= —0.796, P < 0.001), with older participants display-
ing poorer performance. This finding is consistent
with normative data on these tasks, in which verbal
fluency performance displays little evidence of decline
in participants up to 80 years old, whereas confronta-
tion naming scores decline particularly in older age
groups [Spreen and Strauss, 1998].

BOLD changes in verbal fluency

The cortical regions of significant activation during
the verbal fluency task are presented in Figure 2 and
details of corresponding regions are presented in Ta-
ble I. The areas of significant activation during the
experimental condition include extensive regions of
the left middle frontal gyrus (Brodmann areas 46 and
9), inferior frontal gyrus (area 44 and 45), anterior
cingulate gyrus (areas 32 and 24) and medial prefron-
tal cortex (area 6). In addition small areas of bilateral
frontal activation are also displayed. Correlational
analyses of BOLD changes and task performance

(number of correct responses) and age showed no
significant results.

BOLD changes in confrontation naming

The cortical regions of significant activation in con-
frontation naming are presented in Figure 3 with de-
tails of corresponding regions in Table II. The areas of
significant in phase activation include the left inferior
frontal gyrus (areas 44 and 45) and middle and infe-
rior occipital gyri (areas 18 and 19) and inferior tem-
poral gyrus (areas 19 and 37). Further analyses
showed a significant positive correlation (P = 0.01)
between BOLD changes and age in the anterior cingu-
late gyrus (area 32) and the middle frontal gyrus (area
8). In addition a significant positive correlation (P
= 0.01) was revealed between BOLD changes and
performance (number of correct responses) in the mid-
dle occipital gyrus (area 19) and the insula (Table III).
Older participants produced greater activation in re-
gions associated with attention and executive compo-
nents of the task. A negative correlation emerged be-
tween age and task performance, however, indicating
that despite greater activation in these regions older
participants performed more poorly on the test.

DISCUSSION

This study demonstrated two overt word retrieval
fMRI activation paradigms with both auditory and
visual stimulus presentation, using a blocked-design
compressed image acquisition methodology and slow
paced response technique specifically designed for
older and potentially cognitively impaired partici-
pants. Using this method this study overcame the
potential artefacts resulting from overt speech during
image acquisition. The paradigms successfully acti-
vated regions associated with word retrieval process-
es; verbal fluency activated regions of the prefrontal
cortex corresponding to the executive demands of the
task, whereas confrontation naming activated tem-
poro-occipital regions consistent with semantic pro-
cessing of visual information.

The current paradigm was designed for an older
and potentially cognitively impaired clinical popula-
tion and hence the compressed block acquisition tim-
ing parameters provided 4 sec within which to make a
verbal response, which with 2 sec of gradient noise
gives a total TR of 6 sec. This longer TR was chosen
after a pilot study in which patients with amyotrophic
lateral sclerosis who are shown to be specifically im-
paired on verbal fluency [Abrahams et al., 2000] were
able to conduct the task with a minimal number of
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TABLE I. Cortical regions of activation during overt verbal fluency

Talairach coordinates (mm)

Voxels

Cerebral region (Brodmann Area) (n) x y z P <

L. Inferior frontal gyrus (44) 60 —46 0 26 0.0001
L. Inferior frontal gyrus (44) 53 —46 7 31 0.0001
L. Middle frontal gyrus (46) 49 —31 34 20 0.0001
Anterior cingulate gyrus (24) 43 4 7 37 0.0001
L. Middle frontal gyrus (9) 38 —38 4 37 0.0001
L. Anterior cingulate gyrus (24) 31 —4 0 42 0.0001
R. Anterior cingulate gyrus (24) 31 11 13 31 0.0001
L. Medial frontal gyrus (6) 30 —4 0 48 0.0001
L. Inferior frontal gyrus (45) 28 —42 26 15 0.0001
L. Precentral gyrus (6) 23 -35 —4 42 0.0001
L. Precentral gyrus (4) 16 —35 -17 48 0.0001
Anterior thalamus (na) 16 —14 -7 15 0.0001
L. Insular cortex 15 —48 10 4 0.0001
L. Inferior frontal gyrus (46) 15 —38 30 9 0.0001
L. Anterior cingulate gyrus (32) 14 -7 23 26 0.0001
L. Inferior frontal gyrus (47) 10 —42 17 -2 0.0001
L. Inferior frontal gyrus (47) 10 —38 20 -7 0.0005
R. Middle frontal gyrus (46) 8 31 30 26 0.0001
L. Inferior frontal gyrus (44) 7 —48 10 9 0.0001
L. Lingular gyrus (18) 7 —4 =70 -7 0.0005
L. Anterior thalamus 6 —14 0 9 0.001

L. Cuneus (19) 6 -20 =77 26 0.0001

passes. Alternative conventional block acquisition
paradigms have typically used shorter TRs of 3 sec or
less [e.g., Curtis et al., 1998; Paulesu et al., 1997; Smith
et al., 1996; Votaw et al., 1999]. Increasing the TR to 6
sec increases the time within which longitudinal re-
laxation occurs and therefore increases the signal to
noise ration (SNR). Increasing the TR also increases
the total time of the experiment, however, which has
the effect of reducing the SNR per unit time. Other
authors have found little difference in practice be-
tween continuous and sparse blocked acquisitions
[Edmister et al.,, 1999; Hall et al., 1999] due to the
combination of these two effects.

In an attempt to overcome some of the previously
described difficulties of overt responding in conven-
tional uncompressed block design procedures [e.g.,
Yetkin et al., 1995] some studies have used event-
related fMRI to investigate speech production [Heim
et al,, 2002; Huang et al., 2001; Palmer et al., 2001].
These single trial designs involve an extended period
after task performance during which the haemody-
namic response is allowed to reach its peak and return
to the baseline before another trial begins and an
average haemodynamic response to the stimulus is
obtained. This method can enable the dissociation of

the haemodynamic response of interest from move-
ment related signal changes that tend to occur during
the actual performance of the task and have a sharper
peak [Birn et al., 1999]. Huang et al. [2001] combined
event-related fMRI with motion reduction, detection
and correction procedures to compare both overt and
covert speech and noted that motion artefact was lim-
ited by using a training session before scanning.
Palmer et al. [2001] also used an event related design
to study overt and covert word stem completion and
noted only minimal movement related artefact in the
overt condition, which was primarily localised in the
low brain region. Such event related designs (whether
using a conventional or compressed acquisition se-
quence) can also be adapted to yield quiet periods
within which a verbal response can be given. This
includes silent event-related (one-time-point) methods
where a single set of images is acquired at approxi-
mately the peak of the haemodynamic response func-
tion and partially silent event-related design as re-
viewed recently by Amaro et al. [2002]. In the present
study we chose a block acquisition design for two
reasons; firstly a blocked-design is more appropriate
for a letter-based verbal fluency paradigm in which
the cognitive activity of interest continues over an
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Figure 3.
Generic brain activation map of confrontation naming. Areas of
significant activation (P < 0.005) in object naming (highlighted).
Contiguous axial slices parallel to the AC—PC plane are displayed
for Talaraich z coordinates 4 mm, 9 mm (above) and 30 mm, 35
mm (below).

extended period and is not a discrete response to a
stimulus presentation, secondly this design is more
efficient in terms of SNR per unit time than an event-

related design. Other designs that use extended quiet
periods (such as silent block designs where the silent
gap is extended to 10 sec or more [Amaro et al., 2002])
would also be less efficient in terms of SNR per unit
time. In terms of flexibility the compressed/sparse
approach can be used for both block and event-related
designs. The analysis of these compressed block and
event-related designs is unchanged from conventional
block and event-related approaches. In this respect the
approach is as flexible as other approaches but has
clear practical application for clinical populations.

Activation of regions in verbal fluency

The verbal fluency task selectively activated exten-
sive regions of the prefrontal cortex, including the
middle frontal gyrus (Brodmann areas 46 and 9),
which closely resembles the pattern of activation
found in positron emission tomography (PET) studies
using overt word generation procedures [Friston et al.,
1991; Frith et al.,, 1991a,b]. The activation of these
prefrontal regions in the verbal fluency task is consis-
tent with the demands on executive functioning in-
volved when performing verbal fluency. In this task
the responses were minimally specified by the exter-
nal cue and hence the participant is required to initiate
extensive searches for the appropriate words. The re-
sults from previous fMRI studies have been more
variable in relation to activation of this region, how-
ever, and this may be related to the methodologies
employed. Covert self-paced techniques may less re-
liably produce activation of this region with only some
studies reporting activation in the middle frontal gy-
rus [Gaillard et al., 2000; Pujol et al., 1996; Yetkin et al.,
1995], whereas in others activation has not extended

TABLE Il. Cortical regions of activation produced during overt confrontation naming

Talairach coordinates (mm)

Voxels

Cerebral region (Brodmann Area) (n) X y z P <

L. Inferior frontal gyrus (44) 17 —46 10 26 0.0001
L. Inferior temporal gyrus (19) 12 —46 —60 -2 0.0001
L. Inferior frontal gyrus (44) 11 —48 4 20 0.0001
L. Inferior frontal gyrus (44) 10 —35 =7 31 0.0001
L. Precentral gyrus (6) 10 -31 =7 37 0.0001
L. Precentral gyrus (6) 8 -35 -7 42 0.0001
L. Inferior temporal gyrus (37) 8 —42 —56 -7 0.0001
R. Middle occipital gyrus (19) 8 35 =77 4 0.0001
L. Inferior occipital gyrus (18) 8 —38 =77 -2 0.0001
R. Inferior occipital gyrus (18) 7 35 =77 -2 0.0001
L. Inferior frontal gyrus (45) 7 —46 17 4 0.0001
L. Middle occipital gyrus (19) 6 -35 =77 4 0.0001
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TABLE Ill. Cortical regions of significant correlation during confrontation naming

Talairach coordinates (mm)

Voxels

Cerebral region (Brodmann Area) (n) X y z
Age

Anterior cingulate gyrus (32) 168 4 28 34

Right middle frontal gyrus (8) 104 28 24 43
Task performance

Left middle occipital gyrus (19) 96 -35 =72 -6

Insula 108 —34 -20 -1

beyond the inferior frontal gyrus (area 45) [Paulesu et
al., 1997; Rueckert et al., 1994; Smith et al., 1996]. In the
study undertaken by Smith et al. [1996] both verbal
fluency and confrontation naming were compared
and it was reported that the two patterns of activation
did not differ in terms of involvement of the prefrontal
cortex and did not extend into area 46. Such self-paced
designs are likely to place fewer demands on execu-
tive resources in comparison to paced methodologies
in which the participant has to respond on the presen-
tation of a cue, as used in the current investigation.
Covert verbal fluency studies using a paced technique
have demonstrated activation of areas 46 and 9 [Bram-
mer et al., 1997; Curtis et al., 1998]. In the study
reported by Phelps et al. [1997], however, a paced
overt verbal fluency procedure was conducted but
activation of area 46 and 9 was not found. In their task
a more rapid speed of word generation was employed
(one word every 3 sec) relative to the current study
(one word every 6 sec). Frith and Grasby [1995] sug-
gest that these regions of the prefrontal cortex may
only be involved when the subject has to reflect upon
what response they are going to make. The slower
pace of word generation employed here may have
allowed the participants greater time to undertake
more extensive searches for appropriate words and
initiate more effective retrieval strategies. It is clear
from the task performance that the participants were
able to perform the task successfully with relatively
few passes (on average 42.6 different words generated
from a possible total of 45). This slow paced design
may have allowed participants more time to reflect
upon possible responses and engage in executive pro-
cesses required for successful performance. The
present results are consistent with those reported re-
cently by Blank et al. [2002] who compared activation
patterns of prepositional and nonprepositional speech
(neither of which activated the more dorsolateral re-
gions of the prefrontal cortex) with verbal fluency data
that reliably activated the left inferior and middle

frontal gyrus. They concluded that executive and
working memory processes account for most of the
activation observed in verbal fluency and language
processes are restricted to the caudal and left inferior
frontal gyrus. They suggest this limits the usefulness
of verbal fluency in the study of recovery from apha-
sia. This implies, however, that verbal fluency acti-
vates regions of the prefrontal cortex not involved in
everyday speech, which highlights its utility in inves-
tigating executive dysfunction in the absence of apha-
sia, as it is currently employed within clinical neuro-
psychology.

The verbal fluency paradigm also activated regions
of the inferior frontal gyrus known to be involved
with word retrieval, phonological processing and lan-
guage production, namely Broca’s area (area 44 and
associated region of area 45). This is consistent with
previous functional MRI studies [Paulesu et al., 1997;
Phelps et al., 1997; Smith et al., 1996]. Although the
task was designed to ensure that the speech output
components of the experimental and baseline condi-
tions were matched, the baseline conditions involved
the repetition of the same word and hence there may
have been greater variation in overt articulatory mech-
anisms during the experimental conditions, producing
relatively increased activation of the inferior frontal
gyrus. The experimental and baseline conditions in
the current study may also have differed in the
amount of subvocal speech undertaken by the partic-
ipants, particularly in the verbal fluency task. Letter-
based fluency paradigms encourage the processing
and manipulation of phonological information that is
rehearsed through subvocalisation in verbal working
memory [Baddeley, 1996]. Functional imaging studies
have also associated the subvocal rehearsal system of
working memory and the covert retrieval of words
with activation in Broca’s area [e.g., Hinke et al., 1993;
Paulesu et al., 1997].

The current findings from the verbal fluency task
also demonstrated bilateral BOLD changes in the pre-
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frontal cortex, which is consistent with our previous
findings using overt verbal fluency in PET [Abrahams
et al.,, 1996]. Such bilateral activation has also been
demonstrated using other tasks requiring the intrinsic
generation of responses that are not fully determined
by the immediate task and hence place heavy demand
on executive resources. These include the internal gen-
eration of joystick movements [Deiber et al., 1991] and
freely chosen finger movements [Frith et al., 1991a;
Hyder et al., 1997]. The pattern of activation in verbal
fluency also included the anterior cingulate gyrus (ar-
eas 32 and 24) that is consistent with both fMRI
[Phelps et al., 1997] and PET activation studies [Friston
et al., 1991; Frith et al., 1991a,b]. Frith and Grasby
[1995] suggest that this region may be activated when
a person reflects upon what they are attending to and
it has been suggested that increased activation is re-
lated to the attentional demands of the task [Raichle et
al., 1994].

Activation of regions in confrontation naming

In the confrontation naming task increased activa-
tion was observed in left inferior temporal gyrus
(Brodmann areas 19 and 37), and bilaterally in the
middle and inferior occipital gyri (areas 19 and 18).
The temporo-occipital regions activated by this task
have similarly been found in other functional imaging
naming paradigms [Murtha et al., 1999; Smith et al.,
1996; Zelkowicz et al., 1998] and have been suggested
to be involved with semantic processing of the visual
information. These regions form part of the occipito-
temporal ventral pathway involved in object recogni-
tion [Ungerleider and Mishkin, 1982]. Semantic pro-
cessing of visual stimuli was not necessary in the
baseline condition as the stimuli consisted of mean-
ingless drawings.

Similar to the verbal fluency task the confrontation
naming paradigm also activated regions of the inferior
frontal gyrus namely Broca’s area (area 44 and asso-
ciated region of area 45). This is consistent with pre-
vious functional MRI studies of confrontation naming
[Smith et al., 1996; Spitzer et al., 1998; Votaw et al,,
1999]. It has been suggested that the inferior frontal
gyrus is functionally heterogeneous, the more poste-
rior region (including area 44) is thought to be associ-
ated with phonological and articulatory processes,
whereas the more anterior region (including areas
45/47) with semantic processing [Gabrieli et al., 1998;
Paulesu et al., 1997; Poldrack et al., 1999; Thompson-
Schill et al., 1997; Wagner et al., 2001]. Paulesu et al.
[1997] noted that area 45 was selectively activated

during semantic fluency but not during a letter based
fluency procedure. Poldrack et al. [1999] demon-
strated that the anterior/ventral portion (BA 47/45)
was more active during semantic as compared to the
phonological processing of words, whereas a more
posterior/dorsal region (BA 44/45) was active in re-
lation to both semantic and phonological processing.
Previous studies have supported the hypothesis of left
prefrontal cortex involvement in semantic processing
and retrieval [Kapur et al., 1994; Nyberg et al., 1996;
Petersen and Fiez, 1993], but there is now some debate
as to which aspect of semantic processing is involved.
Thompson-Schill et al. [1997, 1998, 1999] suggested
that it was not simply the retrieval of semantic infor-
mation that was related to the left inferior frontal
gyrus, but it was more specifically the selection of
information among competing alternatives from se-
mantic memory. Activation was associated with the
selection demands of the tasks in which certain se-
mantic features had to be selected and others ignored.
However, the activated region was in the posterior
inferior frontal gyrus (BA 44/45), an area that was
thought to be more related to phonological processing.
In contrast, Wagner et al. [2001] argued that the left
inferior frontal cortex guides controlled semantic re-
trieval irrespective of whether retrieval requires selec-
tion against competing representations. Controlled re-
trieval is required when the association between the
stimulus and response is weak and cannot be pro-
cessed automatically. This hypothesis is supported by
the demonstration of experiments in which activation
of this region increases with semantic retrieval de-
mands and the level of control required when the
selection demands are held constant. Wagner et al.
[2001] also noted that it was the anterior aspect (47 /45)
that was particularly associated with the controlled
retrieval of semantic knowledge, which is more con-
sistent with earlier observations. The concept of con-
trolled retrieval has strong similarities with Norman
and Shallice’s supervisory attentional system associ-
ated with prefrontal lobe functions [1986]. Similarly it
has also been suggested that the left inferior prefrontal
cortex may serve as a semantic working memory sys-
tem or semantic executive system, which accesses,
maintains and manipulates semantic representations
that are stored elsewhere [Gabrieli et al.,, 1998;
Poldrack et al., 1999]. In relation to the present study,
the activation of a semantic executive system may be
particularly pertinent to verbal fluency in which al-
though phonological processing is predominantly en-
couraged by the letter-based design, semantic strate-
gies for word generation can also be employed. Words
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may be retrieved on the basis of semantic relation-
ships, which encourages the search of semantic mem-
ory. In confrontation naming, although word retrieval
of high frequency names may involve more automatic
processes, the naming of more difficult items (as
found in the Boston Naming Test, employed in the
current design) may involve a more extensive search
of semantic memory and hence the involvement of a
semantic executive system.

CONCLUSIONS

The overt verbal fluency and confrontation naming
paradigms developed in this study successfully pro-
duced activation in cerebral regions corresponding to
word retrieval processes and avoided the potential
artefact resulting from overt speech during image ac-
quisition. The slow paced design of these tasks is
particularly appropriate for application to an older
and potentially impaired population. These proce-
dures are potentially applicable to the investigation of
patients with acquired brain injury, such as resulting
from cerebrovascular accident, or neurodegenerative
disease such as amyotrophic lateral sclerosis or the
initial stages of dementia of the frontal lobe type.
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