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BACKGROUND AND PURPOSE: Functional MR imaging (fMRI) is rapidly evolving and claims to com-
plement or even substitute intraoperative mapping (IOM) of language functions. However, little is
known about the reproducibility of imaging data in the language domain. The aim of our study was to
assess the reproducibility of activations for 2 widely used paradigms: naming and word generation.
Individual analysis was focused on the Broca area and the left insula.

MATERIALS AND METHODS: We examined 13 healthy right-handed subjects in 3 sessions with fMRI.
Two conditions were assessed: overt naming and overt naming plus noun generation. The same
stimuli were used in all of the sessions. A random-effects analysis was performed to analyze
whole-brain activation on a group level. For the regions of interest, the number of voxels classified as
active were counted for each subject, and individual reproducibility coefficients were calculated over
sessions.

RESULTS: For the naming condition, the random-effects analysis did not reveal significant activations
in the specified regions; small individual activations were not reproducible. For the combined task, all
of the subjects showed activations in the Broca area that were more extensive and reproducible than
in the naming task. Activations in the insula were only poorly reproducible.

CONCLUSION: Naming is an approved task in IOM but does not identify the Broca area with fMRI in
a reproducible way. Priming may have affected our results, but the use of a combined task, in which
naming is paired with noun generation, improves the reproducibility of activations and is also suitable
for IOM.

The identification of language areas in patients undergoing
brain surgery is a major clinical challenge. One very crucial

language area is that of Broca in the left inferior frontal gyrus;
it represents a “language epicenter” within the language net-
work1 and is involved in a variety of different linguistic
tasks.2-7 In our view, the gold standard for the identification of
essential language areas in neurosurgical patients is intraoper-
ative mapping (IOM) by direct cortical stimulation as used by
various groups,8-10 but other techniques, such as functional
imaging, are rapidly evolving. Before imaging data can be ap-
plied within the framework of neurosurgical planning (eg, for
determining the extent of a resection), data on the reproduc-
ibility of the language paradigms should be available. How-
ever, only a few reports exist on the reproducibility or test-
retest reliability of functional imaging results with respect to
language processes. Brannen et al11 used a phonologic gener-
ation task in patients and found a mean reproducibility ratio
of 37% for activations in Brodmann areas 9, 44, 45, and 46.
Rutten et al12 used naming, verb generation, and antonym
generation tasks and reported data for summed up (frontal
and posterior) language regions; for the single tasks, the per-

centage of overlapping voxels ranged from 10% to 30% de-
pending on task and statistical threshold. Reproducibility in-
creased to approximately 40% of overlapping voxels when
tasks were combined. Fernández et al13 focused on lateraliza-
tion effects using a semantic decision task; regarding voxel-by-
voxel analysis, they report a reproducibility of approximately
45% for whole-brain activations. Otzenberger et al14 com-
pared verb generation, lexical decision, and word listening
tasks and found, on the basis of a conjunction analysis, the
most consistent activations for the first 2 tasks, especially in
the frontal lobe. A very recent study15 used a single trial design
and phonologic generation and reports that approximately
45% of the voxels in the Broca area were activated in more
than half of the trials.

Assessing the reproducibility of activations found with lan-
guage paradigms in a repeated-measures design poses a special
problem with regard to selection of stimuli. In IOM, the most
often used task during cortical stimulation is picture naming,
whereas in functional imaging a variety of language tasks have
been applied, with a very prominent type of task being word
generation. In the context of IOM, the patient has to be famil-
iar with the material presented to him in the operating room.
The patient is confronted with the same material before and
during the operation, and this material may even be custom-
ized in cases where there are (slight) aphasic disturbances pre-
operatively. If new material were presented during the intra-
operative stimulation process, effects of unfamiliarity with the
material and effects of stimulation could not be distinguished.
With respect to functional imaging, however, priming or rep-
etition effects are well known from neurolinguistic imaging
experiments16-19; these priming effects may influence repro-
ducibility of results when the same stimulus material is used
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repeatedly. To avoid this, one could use new stimulus material
(matched with regard to frequency, complexity, familiarity,
etc) in each measurement; however, this strategy is not useful
in the clinical context of IOM, which is used in a routine way
by us and other groups. Even if a paradigm using new material
in each repeated session would provide better reproducibility
of activations, such data could not be used for validating func-
tional MR imaging (fMRI) data by IOM or in the clinical con-
text of planning neurosurgical interventions, because preop-
erative familiarity with the stimulus material is a basic
requirement for the reasons stated above.

In this study, we thus tested the reproducibility of 2 lan-
guage paradigms, naming and a combination of naming and
noun generation, with fMRI in repeated measurements using
the same material in all of the sessions, being well aware of the
fact that priming or repetition phenomena may influence the
experimental outcome. Earlier studies have not documented
well the choice of the stimulus material with regard to famil-
iarity. Our tasks were designed with regard to IOM in which
naming has to be the core task; intraoperatively, we would
rather not rely on a pure generation task for reasons given
below. For voxel counts and reproducibility measures, we fo-
cused on activation patterns found in the Broca area and the
left insula; the insula was included because possible activation
reduction in the Broca area in repeated measures may be ac-
companied by increasing activation in the insula, possibly re-
flecting the “engagement of the insula in the automation of
verbal tasks.”16

Materials and Methods

Experiment 1
Subjects. We examined 13 healthy subjects (age, 18 – 40 years;

mean age, 24 years; 6 women and 7 men) in 3 sessions at intervals of

3–35 days (mean, 9 days). The subjects gave written informed consent

before the beginning of the study, which was performed in accordance

with the 1964 Declaration of Helsinki and approved by the local ethics

committee. All of the subjects were right-handed according to the

Edinburgh handedness inventory20 (ranging from �71 to �100;

mean, �91).

Data Acquisition. fMRI was performed on a 1.5T clinical system

(Vision; Siemens, Erlangen, Germany) equipped with a gradient

booster system and a head volume radio-frequency coil. To minimize

head movements, head pads and a forehead strap were used.

Imaging was performed as a block design experiment using a

blood oxygen level– dependent sensitive single-shot gradient echo-

planar imaging (EPI) sequence21-23 with the following parameters:

TR at 4 seconds, TE at 60 ms, matrix size of 64 � 64, 32 sections, FOV

at 240 mm (rectangular), voxel size at 3.75 mm3, intersection gap at

0.75 mm, and flip angle at 90°. Imaging sections were oriented along

and parallel to the bicommissural plane24 and centered to cover the

entire brain.

Stimuli and Paradigm. The visual stimuli consisted of pictures of

objects and were presented through MR-compatible glasses using the

Presentation 0.60 software (Neurobehavioral Systems, Albany, Calif)

that also provided a trigger to synchronize the scanner with the pre-

sentation computer. The pictures of objects were gray-scale–shaded

images from the “Snodgrass and Vanderwart Like Objects” corpus

(Bruno Rossion, Brown University, Providence, RI, and University of

Louvain, Louvain, Belgium, and Gilles Pourtois, Tilburg University,

Tilburg, the Netherlands; http://www.cog.brown.edu/�tarr/stimuli.

html) and were chosen from the semantic categories animals, fruits

and vegetables, tools, and household articles. The subjects once prac-

ticed the task outside the scanner like patients do before the IOM in

the operating room. For this first training session and the following 3

measurement sessions, the same visual stimuli were used. An exami-

nation cycle consisted of 2 runs with 24 active and 25 baseline phases

(each 20 seconds) for each run. During 12 of the active phases, sub-

jects had to name aloud the objects presented (naming). During the

other half of the active phases, subjects again named aloud the objects

presented and were required to generate additionally and overtly a

noun beginning with the same letter as the object name (naming plus

phonologic generation). For this generation task, subjects were in-

structed to avoid stereotyped responses if possible.

In both conditions, each object was presented for 4 seconds. Be-

tween the 2 alternating active blocks, one baseline block was pre-

sented, during which the subjects just had to look at random dot

images (rest condition). Every run consisted of 245 scans adding up to

a total length of 16 minutes per run.

Data Analysis. Functional data were analyzed using SPM99 soft-

ware (Wellcome Department of Cognitive Neurology, Institute of

Neurology, London, UK; http://www.fil.ion.ucl.ac.uk/spm) imple-

mented in Matlab 5.2 (Mathworks, Sherborne, Mass). The first base-

line at the beginning of each run was extended so that the first 5

volumes were always discarded from analysis to avoid T1-related re-

laxation effects. To reduce head movement artifacts, the remaining

EPI volumes of each series were realigned to the first functional vol-

ume by rigid body transformation and by using the sinc interpolation

method. Using the bilinear interpolation, the realigned data were nor-

malized into the Montreal Neurologic Institute (MNI) averaged

brain, which is based on 152 individual brains and spatially smoothed

with a gaussian kernel of 8 mm.25,26 Spatial smoothing was applied to

attenuate high-frequency noise, thus increasing the signal intensity-

to-noise ratio. Statistical analysis was performed using the principles

of the general linear model (GLM)27; into the GLM, a boxcar function

convolved with the hemodynamic response function was incorpo-

rated. The evaluation of the functional data was carried out with a

statistical threshold of P � .05 corrected for multiple comparisons,

and the GLM was applied to the concatenation of the 2 runs in each

experiment.

To get an overview of the whole brain activation common to all of

the subjects, a random-effects analysis was used over the group of 13

subjects (second-level GLM analysis using a 1-sample t test) as a first

step. For both the group study and the analysis of the individual data,

the Automated Anatomical Labeling tool28 was used for the classifi-

cation of the anatomic regions according to the coordinates of the

activated voxels. This assignment is based on the MNI single-subject

brain, which was spatially coregistered and normalized to the aver-

aged MNI brain as reference. Customized software tools were used to

identify and count significantly activated voxels for each single subject

in and over sessions. From these data, the reproducibility coefficient

for all 3 of the sessions as rijk � 3 � Vijk
overlap/(Vi�Vj�Vk) was calcu-

lated, with Vijk
overlap representing the number of voxels being classi-

fied as active in all 3 of the sessions and Vi, Vj, and Vk representing the

numbers of voxels being classified as active in individual sessions.29

This individual analysis of each subject was carried out for the

following 2 contrasts: naming minus rest (naming) and naming plus

generation minus rest (naming plus generation). In this report we will

focus on the data found for the opercular and triangular parts of the

left inferior frontal gyrus and the left insula.
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For the visualization of all of the reproducible voxels and all of the

voxels classified as active in the Broca area and the left insula we

created reproducibility maps for both contrasts using customized

software tools (Fig 3). To show reproducible voxels, the number of

times a voxel was significantly active was counted for each subject and

session and was then color coded. The possible maximum value for a

single voxel could be 39 if the voxel was significantly activated in every

subject (n � 13) and every session (n � 3). The voxels classified as

active in any session or subject are displayed in green; thus, also those

voxels are displayed, which were active only once in 1 single subject.

Experiment 2
Because possible activation differences in the Broca area between the

naming and the naming plus generation condition in experiment 1

could simply be interpreted as the difference of activation in produc-

ing 1 versus 2 words, we conducted a second, exploratory experiment

in which the naming plus generation condition was replaced by an

overt generation task to control for this possibility. In this new con-

dition, subjects again saw pictures of objects and had to produce 1

noun beginning with the same letter as the name of the object. The

technical equipment was the same as in experiment 1. Six healthy

subjects (age, 21–30 years; mean age, 25.3 years; 2 women and 4 men)

were examined; these subjects had not participated in experiment 1.

Data Acquisition. The EPI sequence consisted of the same param-

eters as experiment 1. As in experiment 1, an examination cycle con-

sisted of 2 runs with 24 active and 25 baseline phases (each 20 sec-

onds) for each run. During 12 of the active phases, the same naming

task as in experiment 1 was performed (overt naming). During the

other half of the active phases, subjects should generate a noun begin-

ning with the same letter as the object name (phonologic generation);

overt naming was not required. In both conditions, each object was

presented for 4 seconds. Between the 2 alternating active blocks, 1

baseline block, as described in experiment 1, was always presented.

Every run again consisted of 245 scans adding up to a total length of 16

minutes per run.

Data Analysis. Functional data were analyzed using SPM99 soft-

ware (see experiment 1) and performing a single-subject analysis. The

evaluation of the functional data was carried out with a statistical

threshold of P � .05 corrected for multiple comparisons, and the

GLM was applied to the concatenation of the 2 runs in each

experiment.

Customized software tools were used to count the number of sig-

nificantly activated voxels in the opercular and triangular part of the

left inferior frontal gyrus for each subject individually. Voxel count-

ing was carried out for the following 2 contrasts: naming minus rest

and phonologic generation minus rest.

Results

Experiment 1
Random-Effects Analysis. The results of the random-ef-

fects analysis are summarized in Table 1 and displayed in Fig 1.
For the contrast naming, significant activations in the precen-
tral and postcentral gyri were found bilaterally, reflecting the

Fig 1. Glass-brain maps of the random-effects analysis. For labeling of the activated areas see Table 1. Axial and coronal view: left: left hemisphere; right: right hemisphere; sagittal view:
whole-brain activation is visible.

A, Naming � rest.

B, Naming plus generation � rest.
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motor components of the overt speech responses. For the con-
trast naming plus generation, there was consistent activation
over all 3 of the sessions in both the opercular and triangular
parts of the left inferior frontal gyrus, the left insula, the left
middle cingulum, and the precentral and postcentral gyri bi-
laterally. Other brain areas were activated only inconsistently
over sessions.

Single-Subject Analysis. Analysis of individual subjects in
terms of voxel counts will be focused on the left opercular and
triangular parts of the inferior frontal gyrus and the left insula.
In these regions, activations were small in the naming condi-
tion (Table 2) and not present in every subject, indicating that
this condition does not activate the regions in a robust way.
Because consistent activations over all of the sessions were
found in only 4 subjects in the opercular part, in no subject in
the triangular part of the Broca area, and in only 2 subjects in
the insula, reproducibility on a mean group level was low (Ta-
ble 3). The number of active voxels decreased significantly in
the left opercular part from session 2 to 3 (P � .05) and in the
insula from session 1 to 3 and from session 2 to 3 (P � .05).
This means that the little activation found in some subjects
grew even smaller over time.

For the contrast naming plus generation, data analysis
showed very different results. In this task, all of the subjects
showed activations in the left opercular and triangular part,
and most subjects also showed activations in the insula (Fig 2).
In all of the areas, the numbers of activated voxels were much
larger than in the naming condition. In the opercular part, the
number of voxels decreased significantly from session 1 to 2
and from session 2 to 3 (P � .05). In the triangular part, the

number of voxels decreased significantly from session 2 to 3
(P � .05). In the insula, the number of voxels did not change
significantly over sessions. Nevertheless, left-sided activation
in the opercular and triangular part of the Broca area was fairly
consistent over sessions, which is reflected in the number of
common voxels and rather high reproducibility coefficients
(Table 3). Activations in the insula, on the other hand, showed
only poor reproducibility on a mean group level.

Figure 3 shows reproducibility maps for both contrasts. It
may be clearly seen that reproducibility was highest in the
naming plus generation condition.

Experiment 2
In experiment 2, in which only 1 word was produced overtly in
both the naming and the phonologic generation condition,
there was the same marked difference in the extent of activa-
tions between the 2 conditions, which was also present in ex-
periment 1. However, for the naming condition, only a few
activations were found (left opercular part: median, 35 voxels
and range, 0 – 82 voxels; left triangular part: median, 0 voxels
and range, 0 – 4 voxels) and generation resulted in extensive
patterns of activation (left opercular part: median, 540 voxels
and range, 38 –760 voxels; left triangular part: median, 637
voxels and range, 38 –1563 voxels). These differences were sig-
nificant (P � .05). The results of this analysis indicate that the
differences in activation between the contrast naming minus
rest and the contrast naming plus generation found in exper-
iment 1 are independent of the amount of motor output, that
is, of overtly producing 1 versus 2 words.

Table 1: Functional MR imaging activations in the group study

Variable

Orbital
Part

Left/Right

Triangular
Part

Left/Right

Opercular
Part

Left/Right
Insula

Left/Right

Middle
Frontal
Gyrus

Left/Right

Superior
Frontal
Gyrus

Left/Right

Precentral
Gyrus

Left/Right

Postcentral
Gyrus

Left/Right

Rolandic
Operculum

Left/Right
SMA

Left/Right
Naming minus

rest
Session 1 X/X X/X X/X
Session 2 X/X X/X X/X
Session 3 /X /X

Naming plus
generation
minus rest

Session 1 X/ X/ X/ X/ X/ X/X X/X X/
Session 2 X/ X/ X/ X/ X/ X/X X/X X/X X/
Session 3 X/ X/ X/ X/ X/X X/X /X

Variable Middle
Cingulum
Left/Right

Hippocampus
Left/Right

Fusiform
Gyrus

Left/Right

Inferior
Temporal
Left/Right

Superior
Temporal

Pole
Left/Right

Inferior
Parietal
Lobule

Left/Right

Superior
Parietal
Lobule

Left/Right

Inferior
Occipital

Gyrus
Left/Right

Middle
Occipital

Gyrus
Left/Right

Naming minus
rest

Session 1 X/X /X
Session 2 /X
Session 3 /X /X

Naming plus
generation
minus rest

Session 1 X/X X/ X/ X/ X/ /X
Session 2 X/ X/ X/
Session 3 X/ /X

Note:—X indicates at least 1 significant activation (P � .05, corrected); X/, left side of the brain; /X, right side of the brain.

AJNR Am J Neuroradiol 28:1346 –53 � Aug 2007 � www.ajnr.org 1349



Discussion
In our study, we assessed the reproducibility (test-retest reli-
ability) of activations in the Broca area and the left insula for
an object naming and a combined naming/noun generation
fMRI paradigm. Both tasks are often used in fMRI for the
localization of language functions, and naming is the standard
task in IOM. The aim of our study was to explore the repro-
ducibility of activations in the Broca area and the insula within
a clinical framework, in which fMRI data complement IOM or
are to be validated with IOM. The choice of the stimuli sets is
critical in this situation: the patient has to be familiar with the
stimuli used in the operating room to avoid uncertainties with
respect to stimulation results and, not less important, to re-
duce psychologic distress for the patient. We thus used the
same stimulus sets during all 3 of the measurements, accepting
the potential occurrence of priming effects.

Random-effects analysis for the naming condition did not
reveal activation of the Broca area or of the insula, but indi-
vidual data show that some subjects showed activations in
these regions, particularly in the opercular part of the left in-
ferior frontal gyrus. However, these activations were small and
could not be reproduced in a consistent way, resulting in very
low test-retest reliability. This low reproducibility may be ex-
pected in paradigms that do not yield robust activations. Dif-
ferent levels of analysis (group versus individual) and low test-

retest reliability may explain earlier contradictory results
regarding the involvement of the Broca area in the naming
process. For example, Indefrey and Levelt30 described in a
meta-analysis that only 5 of 9 studies reported activations in
the posterior part of the frontal inferior gyrus during naming
tasks. In addition, the degree of the subjects’ familiarity with
the stimuli is an important factor for the amount of activation
found during imaging: if, as in our study, subjects had been
trained to perform the task before the imaging sessions, re-
duced activity in the inferior frontal gyrus would be expected
from the beginning because of priming effects. This reduction
of activity with repeated exposure to the same stimuli has been
described in several naming studies.16,18 In addition, van
Turennout et al16 have described that the reduction of activity
in the inferior frontal lobe was accompanied by an increase of
activation in the left insula, which they interpret as “a form of
procedural learning involving a reorganization in brain cir-
cuitry that leads to more efficient name retrieval in response to
a specific object.” This effect, however, seems not to be stable
over time, as the poor reproducibility of activations in the
insula in our experiment indicates; further studies are needed
to explore the processes after priming in repeated measure-
ments. Taken together, we do not think that naming para-
digms activate the Broca area in a reproducible way, especially
not in a clinical setting when the patient has to be familiar with
the stimuli.

A very different picture emerged for the naming plus gen-
eration condition. All of the subjects showed activations in the
opercular and triangular parts of the left inferior frontal gyrus
over all of the sessions, and in nearly all of the subjects, the left
insula was activated, too. In addition, these activations were
much more extended than in the contrast naming. One first
obvious explanation for the stronger and more consistent ac-
tivation in the contrast naming plus generation would be the
different motor output in the 2 conditions: whereas in the
naming condition only 1 word had to be produced, the pro-
duction of 2 words was required in the naming plus generation
task. To test this explanation, we carried out the second exper-
iment, in which subjects had to produce only 1 word in both
conditions. Again, we found little activation in the Broca area
during naming and strong activation during noun generation.
It is, thus, unlikely that the difference in activation patterns in
the first experiment was because of the various lengths of the
required motor output.

We cannot be sure about the contribution of the naming
part in the naming plus generation task to the total activation
pattern of this task; it is possible that a generation task alone
would have yielded similar results. Other studies using pho-
nologic generation11,15 have already shown that this paradigm
activates frontal areas in a reproducible way. However, the use
of a generation task alone is not acceptable for IOM; it can be
performed as a separate task in addition to naming,31 but this
is time consuming. We think that our approach to the di-
lemma (naming gives inconsistent activations but is indis-
pensable in IOM and generation gives consistent activations
but is insufficient in IOM) of combining both tasks is a satis-
factory and practical solution for clinical purposes.

The 2 tasks used in our experiment differ in other aspects,
such as task switching, working memory involvement, and
response selection demands; it was not the goal of our study to

Table 2: Median and range of the numbers of all significantly
activated voxels

Brain Region Session 1 Session 2 Session 3
Naming minus rest

Left opercular part 6 (0–154) 5 (0–133) 0 (0–69)
Left triangular part 0 (0–335) 0 (0–53) 0 (Allt0)
Left insula 0 (0–177) 0 (0–155) 0 (0–44)

Naming plus
generation
minus rest

Left opercular part 549 (57–778) 508 (102–796) 282 (50–692)
Left triangular part 1006 (131–1749) 1150 (213–1772) 698 (3–1602)
Left insula 258 (0–751) 206 (0–866) 147 (0–773)

Table 3: Median and range of the numbers of common voxels
between all sessions and the reproducibility coefficients between
all sessions

Contrast and Regions Median (Range)
Number of common voxels

Naming minus rest
Left opercular part 0 (0–42)
Left triangular part 0 (all 0)
Left insula 0 (0–13)

Naming plus generation minus rest
Left opercular part 244 (21–523)
Left triangular part 543 (3–918)
Left insula 15 (0–376)

Reproducibility coefficients
Naming minus rest

Left opercular part 0.00 (0.00–0.60)
Left triangular part 0.00 (All 0 or missing value)
Left insula 0.00 (0.00 or missing to 0.13)

Naming plus generation minus rest
Left opercular part 0.49 (0.15–0.82)
Left triangular part 0.48 (0.00–0.67)
Left insula 0.07 (0.00–0.56)
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separately identify the neural correlates of these mechanisms.
Selectional demand of the respective task, however, may be the
most important aspect with regard to the involvement of the
Broca area. Although they used a semantic generation task,
our findings are similar to those of Etard et al,32 who found no
activation of the Broca area when subjects performed a nam-

ing task. However, the Broca area was activated when subjects
had to generate verbs corresponding with visual presented ob-
jects. They comment on their results as follows32: “Absence of
the Broca area activation during naming could be related to
the fact that this region is engaged in the selection of semantic
knowledge among competing alternatives. During naming

Fig 2. Number of subjects with activation in the opercular part, triangular part, and the insula of the left hemisphere. LIFG indicates left inferior frontal gyrus.

A, Naming � rest.

B, Naming plus generation � rest.

Fig 3. Reproducibility maps for the contrasts (A) naming � rest and (B ) generation plus naming � rest. Voxels classified as active in any session or subject (green) and common voxels
(color coded with respect to frequency of occurrence according to the color scale). Only activation in the regions of interest (Broca area and left insula) is displayed.

AJNR Am J Neuroradiol 28:1346 –53 � Aug 2007 � www.ajnr.org 1351



task the subjects had a single possible label once they identified
the object, whereas they had to select one verb among several
possibilities during the generation task.” The aspect of selec-
tional demand has also been stressed by Kan and Thompson-
Schill33 within a naming paradigm. They report more activa-
tion in the left frontal inferior gyrus when subjects had to
name pictures with low name agreement (high selectional de-
mand) in contrast with the naming of objects with high name
agreement (low selectional demand).

The necessity to choose between competing response alter-
natives is a core characteristic of generation tasks, and selec-
tion processes may be one of the basic functions in which the
Broca area is essentially involved. These processes of selection
can, of course, also be influenced by priming effects. Raichle et
al34 first demonstrated the dramatic effects of practice in a verb
generation task, which resulted in a decrease of activation in
the left prefrontal and cingular cortex: “In effect, the practice
condition could not be distinguished from the simple repeat
noun condition.” Practicing a task reduces competition
among response alternatives, but selectional demand can be
kept high also with repeated items as demonstrated by
Thompson-Schill et al.35 Activity in the left inferior frontal
gyrus was reduced only in repetition trials with reduced com-
petition; with increased competition during repetition, activ-
ity in that area increased. In our experiment, it seems probable
that the instruction to not repeat responses kept selectional
demands high during repeated measurements and minimized
priming or practice effects. Still, the decrease in the extent of
activations over sessions in the inferior frontal gyrus may rep-
resent effects of learning, but reproducibility was considerably
higher than in the naming condition and similar to that re-
ported in comparable studies.11,12 Brannen et al11 found a pro-
portion of repeatedly activated voxels of 37% for a phonologic
generation task in patients, the volume of interest including
Brodmann areas 9, 46, 44, and 45. Rutten et al12 found a sim-
ilar percentage of common voxels for a verb generation and a
naming task (24% and 21%), but their volume of interest in-
cluded posterior language areas, which may explain the lower
values in comparison with our results. More important, how-
ever, is the outcome of combining the data of the different
language tasks (a third antonym generation task was includ-
ed): in this case, the percentage of overlapping voxels rose to
40%, which is why these authors strongly propagate the use of
combined task analysis (CTA). “The CTA targets brain areas
that relate to task performance . . . , but are not specifically
associated with an individual task, thus aiming more selec-
tively at indispensable, critical language areas than individual
task analysis.”12 We think that the melting of 2 tasks into one
as in the naming plus generation condition and the use of
noun generation has even further advantages: first, it is more
economic and thus can also be used in the operating room
where testing time is very restricted; and, second, responses
can be judged as right or wrong unambiguously. In our expe-
rience in the operating room,36 a generation task alone is not
sufficient for IOM, because it is often difficult to judge the
correctness of the response (eg, how should the patient’s re-
sponse “eat” to the stimulus “singing bird” be classified: wrong
answer, idiosyncrasy, culturally defined correct answer, or
physiologically defined correct answer because the patient is
hungry? Moreover, it is difficult even for healthy persons to

generate an appropriate response for each stimulus in a whole
series without hesitations and in the temporal frame of a few
seconds). Of course, with the use of combined tasks, no differ-
entiation between linguistic subprocesses is possible, but the
main goal in a clinical setting is to obtain stable patterns of
activation with imaging or to reliably map eloquent sites in
specific brain areas to minimize the risk of postoperative def-
icits. To obtain this goal, more research is needed on the topic
of reproducibility of functional imaging data, especially in the
cognitive domain, before the application of these data in neu-
rosurgery. In comparison with earlier work, our data confirm
that naming is not a suitable paradigm for activating the Broca
area consistently and may explain earlier contradictory results.
It seems to us a very crucial point to address the factor of
familiarity with the stimulus material in future work. With
respect to generation tasks, we could replicate the findings that
a generative task component enhances reproducibility of acti-
vations in the Broca area. Our approach, in contrast to earlier
reports, was custom tailored to the needs of IOM. At present,
imaging data at best should be viewed as a complementary
source of information other than the electrophysiologic map-
ping techniques. “Fair” or “good” reproducibility of data is
not enough in neurosurgical decision-making. The use of
combined tasks, developed for specific target brain areas, may
help to improve the applicability of functional imaging in the
clinical context.

Conclusion
In this study, we tested the reproducibility of fMRI data for 2
widely used language paradigms, naming and word genera-
tion. We focused our analysis on activations found in one of
the classical language centers, the Broca area. Only the gener-
ation task, used in combination with naming, yielded activa-
tion data that were reproducible to a certain degree. Naming,
while being a reliable and valid task in IOM of language areas
by cortical stimulation, should not be used for preoperative
identification of the Broca area with fMRI. Activations in this
area are more reproducibly achieved in task settings with gen-
erative components.
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