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Lexical access is commonly studied using bare picture naming, which is visually guided,
but in real-life conversation, lexical access is more commonly contextually guided. In this
fMRI study, we examined the underlying functional neuroanatomy of contextually and
visually guided lexical access, and its consistency across sessions. We employed a context-
driven picture naming task with fifteen healthy speakers reading incomplete sentences
(word-by-word) and subsequently naming the picture depicting the final word. Sentences
provided either a constrained or unconstrained lead—in setting for the picture to be named,
thereby approximating lexical access in natural language use. The picture name could be
planned either through sentence context (constrained) or picture appearance (uncon-
strained). This procedure was repeated in an equivalent second session two to four weeks
later with the same sample to test for test-retest consistency. Picture naming times
showed a strong context effect, confirming that constrained sentences speed up produc-
tion of the final word depicted as an image. fMRI results showed that the areas common to
contextually and visually guided lexical access were left fusiform and left inferior frontal
gyrus (both consistently active across-sessions), and middle temporal gyrus. However,
non-overlapping patterns were also found, notably in the left temporal and parietal
cortices, suggesting a different neural circuit for contextually versus visually guided lexical
access.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

One crucial thing we do while speaking is retrieving infor-
mation from memory. The access to the mental lexicon,
where we store information about words, is commonly stud-
ied using picture naming (Levelt et al., 1991). However, simple
object naming is not a big part of our daily language use in
conversation. Yet it remains difficult to study lexical access in
spontaneous speech, and especially its underlying neural
mechanisms. This issue is at the core of the present study.

So far, spoken word production has been studied exten-
sively using bare picture naming paradigms, in combination
with electrophysiological as well as hemodynamic imaging
methods. A commonly employed method is functional mag-
netic resonance imaging (fMRI), which measures neuronal
activity based on the blood oxygen level dependent (BOLD)
signal. Most of such picture naming studies using fMRI have
found activity in bilateral language networks including the
occipitotemporal and parietal cortex, as well as the left infe-
rior frontal and dorsal premotor areas (Liljestrom et al., 2008;
Price et al., 2005). Picture naming represents word production
based on a concept and therefore always starts with
perceiving and recognizing the depicted object. Next, the
speaker selects a concept for the object and accesses the
associated lexical representation and then phonological in-
formation of the target word (Levelt et al., 1999). The retrieval
of the conceptual, lexical, and phonological information from
the mental lexicon is what we consider ‘word retrieval’ for the
purpose of the present study. However, bare picture naming
does not closely resemble how we access word information in
conversation, where sentence context induces word retrieval.
It has been argued that understanding a sentence context via
reading can be considered similar to saying the sentence by
oneself (Griffin & Bock, 1998). This further allows one to study
the access and retrieval of words from the lexicon based on
the context they appear in (Federmeier, 2007).

Trying to stay closer to natural language production in the
present fMRI study, we use a picture naming paradigm based
on sentence context: pictures appear in place of the last word
of a lead—in sentence. As fMRI is dependent on the BOLD
signal, which has a relatively low temporal resolution in the
range of several seconds (Veldsman et al., 2015), dynamic
changes associated with language processes could be chal-
lenging to capture. But with this paradigm, we can dissociate
the timing of the word retrieval process. The context of the
sentence is either uninformative and unconstrained, or
informative and thus constrained towards the last word of the
sentence (i.e., the target word/picture). In unconstrained
sentences, people can only retrieve the target word depicted
by the picture when this appears. Hence, in unconstrained
sentences, the identification and selection of the target word
is visually guided by the picture. In constrained sentences,
however, people can retrieve the target word based on the
information given in the sentence context (e.g., Griffin & Bock,
1998). Thus, processes of word retrieval can happen before
picture appearance (Husta et al., 2021; Piai et al., 2014, 2020).
This allows one to study word production in a way that ap-
proximates a more naturalistic setting, with the potential to
demonstrate the commonalities and differences between

conceptually driven word planning either based on sentence
context or on visual cues such as the picture. This was the
primary goal of the present study.

Admittedly, this picture-naming task is based on sentence
reading of the lead—in sentences (word by word). Previous
fMRI studies investigating the effects of contextual constraint
during sentence reading have found involvement of the left
angular and supramarginal gyri for sentences with high
contextual constraint compared to low constraint, and this
was interpreted as encoding of semantic sentence processing
(Schuster et al., 2021). Another study showed that semantic
unification during sentence reading modulates BOLD signal
changes in the left and right inferior frontal gyrus, as well as
left anterior cingulate cortex and superior and middle tem-
poral gyrus (Zhu et al., 2019). Note, however, that our study is
based on a picture naming task, which requires participants to
engage in word production processes, that is retrieving con-
ceptual, lexical, and phonological information in order to
produce a response.

The employed context-driven picture naming paradigm
has been extensively studied with electrophysiology.
Together with faster picture naming times following con-
strained contexts, these studies have shown alpha-beta
power decreases before picture appearance, linking the
power decreases to processes of conceptual and lexical
retrieval (Husta et al., 2021; Piai et al., 2014, 2015, 2020). In a
magnetoencephalography (MEG) study testing the across-
session consistency of these patterns, the behavioral facili-
tation from constrained contexts and the clusters of alpha-
beta power decreased in the left temporal and inferior parie-
tal lobule replicated over sessions within the same individuals
(Roos & Piai, 2020). Knowing how reliable and valid fMRI maps
cognitive processes for a specific paradigm is especially
crucial for clinical purposes, as it is still the most common
method used for preoperative mapping in neurosurgical
populations. This has previously been investigated for fMRI,
using a range of different language paradigms, with the
conclusion that the balance between reliability and validity is
best when using sentence completion tasks (Wilson et al,
2017). The fact that the spatial resolution of MEG is lower
than that of fMRI motivated the realization of a two-session
fMRI study. Thus, as a secondary goal, we tested the suit-
ability and across-session consistency of context-driven word
production with fMRI, targeting time-dynamic word retrieval
processes that happen at a timescale of milliseconds.

Based on the findings of our previous studies using this
paradigm and stimulus materials (Husta et al., 2021; Klaus
et al., 2020; Piai et al., 2014, 2015, 2017; 2018; Roos & Piai,
2020), we expected shorter naming times for pictures in
constrained compared to unconstrained contexts. To
examine the activity profiles of contextually and visually
guided word retrieval, we included BOLD contrasts for three
different moments within a trial (i.e., first word, pre-picture,
and picture appearance). We expected no difference between
BOLD increases at the beginning of the sentence since sen-
tential constraint has not yet been established at this point.
Further, we were interested in the ‘cross-overlap’ of BOLD
increases at the (assumed) moment of word retrieval per
context type. This concerns the pre-picture interval of con-
strained sentences for contextually guided word retrieval
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(constrained > unconstrained) and the picture interval of
unconstrained sentences for visually guided word retrieval
(unconstrained > constrained). As these are the moments at
which we assume participants to retrieve conceptual, lexical,
and phonological information for the target word, both
contrasts should yield a profile of brain activity patterns
during word retrieval, which may occur at different time
points in the sentence for the two conditions. Power de-
creases of electrophysiological data in the alpha-beta fre-
quency range have been shown to correlate with BOLD signal
increases for picture naming (Conner et al., 2011; Liljestrom
et al, 2015). Based on these findings, we hypothesized
BOLD signal increases for constrained relative to uncon-
strained sentences prior to picture appearance (i.e., contex-
tually guided) in the left temporal cortex more broadly and
inferior parietal lobule, which are the areas in which the
electrophysiology studies revealed alpha-beta power de-
creases linked to contextually guided word retrieval.
Regarding visually guided word retrieval, we expected to find
BOLD increases in the inferior temporal gyrus, as an area
associated with picture naming and the access of lexical
concepts in word production (Indefrey & Levelt, 2004; Price,
2012; Roelofs, 2014).

2. Methods

The present study falls under the blanket approval for stan-
dard studies of the accredited ethical reviewing committee,
CMO Arnhem-Nijmegen, following the declaration of Helsinki.
We report how we determined our sample size, all data ex-
clusions, all inclusion/exclusion criteria, whether inclusion/
exclusion criteria were established prior to data analysis, all
manipulations, and all measures in the study. No part of the
study procedures or analyses was preregistered prior to the
research being conducted. Data was collected at the Donders
Institute for Cognitive Neuroimaging in Nijmegen in the
Netherlands. All raw data and code are available via the
Donders Repository (https://doi.org/10.34973/72sn-vb83).

2.1. Participants

Fifteen native speakers of Dutch (11 females) participated in
the study, ages ranging from 18 to 26 years (Mdn = 20). All were
MRI compatible, healthy, right-handed subjects with normal
or corrected-to-normal vision and hearing and received
monetary compensation for participation. We excluded the
dataset of one female participant due to no corrected-to-
normal vision leading to a large amount of invalid trials, and
missing fleld maps for session 1. Therefore, an additional
participant was recruited to enable an analysis of 15 complete
datasets. This number was based on sample sizes of previous
studies and the known effect size of the employed task with
electrophysiology (Husta et al., 2021; Piai et al., 2014; 2015;
Roos & Piai, 2020).

2.2. Materials

The experiment contained 224 nouns which were presented
as pictures (targets) on white background, or a full frame in

case of sceneries. Each target word had two corresponding
sentences, one constrained and one unconstrained sentence
that preceded the picture, yielding a total of 448 stimulus
sentences. Linguistic materials (all Dutch) were taken from
previous studies (based on Piai et al., 2014, 2015; identical
materials to Roos & Piai, 2020). Target pictures were taken
from the BOSS database (Brodeur et al., 2010) and via online
search. Target word length varied between 2 and 11 phonemes
(mean = 5) and sentence length from 4 to 13 words (mean = 7),
including the target word.

2.3. Design

The 224 target words were shuffled three times to form three
different lists. Each list was split in half, controlled for fre-
quency, word length, and initial letter between the two halves.
We also alternated the order between the two halves, result-
ing in six different main lists. We randomly assigned partici-
pants to one of the six main lists and presented the first half in
session 1, and the second half in session 2. Each session
included 112 target pictures, which always appeared twice per
session (once in each condition), yielding 224 trials in total
(112 per condition). The items were arranged in pseudo-
randomized order, unique per participant, using Mix (van
Casteren & Davis, 2006). We constrained items to a
maximum of five consecutive trials of the same condition, as
well as a minimum distance of 20 trials between the appear-
ance of the constrained and unconstrained sentences of the
same target picture. Test and retest sessions were scheduled
between 13 and 28 days apart (Mdn = 20). For an example of
both trials for one target word and the corresponding sen-
tences see Fig. 1. This figure also highlights the sentence parts
that were analyzed as well as the presentation durations and
jittered intervals during a trial. Trials always started with a
fixation cross of 500 ms, followed by the experimental sen-
tence presented word-by-word in the center of the screen.
Words were presented for 300 ms in black on a gray back-
ground with 200 ms blank intervals in between. The intervals
before and after picture presentation were randomly jittered,
to capture the BOLD response at different stages. The pre-
picture interval thus ranged from 1250 to 3000 ms duration,
and the fixation cross between trials from 3000 to 6500 ms.
Target pictures were presented for 1000 ms in place of the last
word of each sentence.

2.4. Procedure

We instructed participants about the task and scanning ses-
sion and clarified open questions before they signed the
informed consent form. Then, we screened them for MRI
compatibility and familiarized them with the pictures of the
experiment and the corresponding target words in a slide-
show. Picture familiarization is a common procedure in pic-
ture naming studies to control for naming variability and
increase accuracy, as well as to lower potential repetition ef-
fects at the second appearance of the pictures in the experi-
ment. Once in the scanner, the session started with four
practice trials and another opportunity to resolve remaining
uncertainties. Sentences and target pictures were projected to
a screen behind the scanner that can be seen with a mirror
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Fig. 1 — Overview and timeline of constrained (top) and unconstrained (bottom) trial events for target word cow. Analyzed
sentence parts circled in purple. Boxes represent the screen participants saw at each timepoint. Reproduced with
permission from the authors from https://doi.org/10.17605/0SF.I0/2FVGB.

mounted on the head coil. Stimuli were presented using Pre-
sentation software (Neurobehavioral Systems). Participants
had to silently read the words presented on screen and name
the pictures overtly with the previously familiarized (target)
word for it. They were asked to keep their fixation to the
center of the screen and move their jaw and head as little as
possible. One scanning session lasted approximately 45 min.

2.5. Response time analyses

We audio recorded participants' responses to monitor their
picture naming times and accuracy. Recordings lasted for
2500 ms, starting with the picture appearance. Responses
starting before or after the trial recordings were not consid-
ered for response time analyses. Further, we excluded hesi-
tations, stutters, and multiple responses from the response
time as well as the BOLD analyses. Cases in which participants
responded with plausible synonyms of the target word were
considered as correct responses for all analyses. Response
times were calculated manually using the speech editor Praat
(Boersma & Weenink, 2017), with the coder blinded for con-
dition, and statistically analyzed in R (R. Core Team, 2017). The
response times (in milliseconds) were evaluated using a linear
mixed-effects regression (fixed effects of condition, session,
and their interaction) with by-participant and by-item
random intercepts and slopes for condition. Additionally, as
a measure of effect size, we calculated Cohen's d for paired
samples for each session, using the average variance (J.
Cohen, 1988, p. 2).

2.6.  MRI acquisition

Participants had to wear metal-free clothing on their upper
body and change into scanner clothing if necessary. Then they
were taken into the scanner room and positioned on the
scanner bed with cushions underneath their knees and el-
bows. Their forehead was taped to the lower part of the head
coil with crepe tape to minimize their head movement (Krause
et al,, 2019), and an emergency button was placed on their
belly. All scans were acquired on a 3T Siemens PrismaFit
scanner with a 32-channel head coil using echo-planar im-
aging (EPI), employing a multiband sequence (multiband ac-
celeration factor 6, 2 mm isotropic voxels, 66 slices,
TR = 1000 ms, TE = 34 ms, FoV = 210 x 210 x 132 mm, flip
angle = 60°). The experiment started with a pulse countdown

from nine to zero followed by all 224 trials consecutively. Field
maps were acquired at the end of the run (TR = 620 ms, TE
1 = 4.7 ms, 64 slices, voxel size 24 x 24 x 2 mm,
FoV = 210 x 210 x 132 mm, flip angle = 60°) to calculate voxel
displacement maps (VDM) for each session. Structural T1-
weighted MPRAGE images (TR = 2300 ms, TE = 3.03 ms, 192
slices, FOV = 256 x 256 x 192 mm, 1 mm isotropic voxels) for
anatomical reference were acquired after session 1.

2.7.  fMRI preprocessing

fMRI preprocessing was performed session-individually using
MATLAB and SPM12 (SPM12 Software—Statistical Parametric
Mapping). The first nine volumes of each session were dis-
carded as dummy scans to allow the magnetization to reach a
steady state. All other images were realigned with reference to
the 10th volume and unwarped by applying the calculated
session-specific voxel displacement map (VDM). T1image was
segmented into different tissue types based on probability
maps such as gray matter, white matter, cerebrospinal fluid,
bone, and soft tissue and normalization parameter to the
template MNI space was estimated. This normalization
parameter was applied to the functional images, and a
smoothing was applied with a Gaussian kernel of twice the
voxel size (FWHM = 4 mm).

2.8.  fMRI BOLD analysis

The fMRI analysis was done on the whole-brain level by
means of a general linear model (GLM) per participant. The
model included eight task-specific regressors per session as
well as the six motion parameters, to account for further
movement artifacts of participants in the scanner. The three
condition-specific regressors were time-locked to the onsets
of 1) first word, 2) pre-picture interval, and 3) picture
appearance for the two conditions separately. Two extra re-
gressors were modeled: one for the onset of the first word and
another for the onset of the pre-picture interval, both for the
incorrect trials (M = 3, SD = 4 per session). Excluding errors,
each session consisted of an average of 110 trials per condi-
tion (SD = 2). The onsets were modeled as stick functions
(duration = 0) and convolved with the canonical hemody-
namic response function. A high-pass filter of 128 s was
implemented to remove slow signal drifts. The two sessions
were modeled as one GLM. Contrast images of interest were
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computed for each participant separately per session, as well
as averaged over both sessions. Furthermore, difference
contrasts between constrained and unconstrained contexts
were computed for pre-picture interval and picture appear-
ance, as well as their interaction averaged over sessions.
These should yield the expected ‘cross-overlap’, i.e., the
profile of brain activity during word retrieval per context, and
the interaction between them. To explore the consistency of
this cross-overlap across sessions, we compared the respec-
tive contrasts (i.e., the differences between contexts at both
assumed moments of word retrieval) of both sessions. All
participant-specific contrast images were tested using One-
sample T-tests on the group level. To investigate across-
session consistency pooled over the two conditions, we
used a full-factorial model in SPM12. For all comparisons, we
used a threshold of p = .001 uncorrected on the voxel-level,
and then used a cluster-size statistics thresholded at p = .05
Family-Wise Error (FWE) corrected (Hayasaka & Nichols,
2003). All tables list significant FWE-corrected clusters with
the corresponding brain areas. All reported anatomical labels
are based on the MNI space coordinates obtained with SPM12
from the Automated Anatomical Labeling (AAL) atlas
(Tzourio-Mazoyer et al., 2002), using the MATLAB function
cuixufindstructure.m (Cui, 2012).

3. Results
3.1 Response times

For both sessions, all participants were faster in naming the
picture if the sentence context was constrained, compared to
unconstrained, with an across-session response time effect of
202 ms (Mdn = 213, SD = 60). This is also displayed in Fig. 2,
which shows the mean response times of all participants per
condition and session, where each participant's data is con-
nected by a line across conditions and color-coded across
sessions. In session 1, the mean response time for uncon-
strained sentences was 896 ms (Mdn = 860, SD = 225) and for
constrained sentences 694 ms (Mdn = 600, SD = 269). In session
2, this was 926 ms (Mdn = 898, SD = 230) for unconstrained
sentences and 723 ms (Mdn = 666, SD = 269) for constrained
sentences. This yielded a mean effect of response time dif-
ferences between constrained and unconstrained sentences
of 201 ms in session 1 (Mdn = 220, SD = 59) and 203 ms in
session 2 (Mdn = 186, SD = 64) (Fig. 2). The results of the linear
mixed-effects regression analysis revealed a significant effect
of condition, which confirms that participants were faster in
naming the picture when the sentence context was con-
strained (Estimate = —.20, SE = .02, t = —13.26, P < .001). The
regression also yielded a significant effect of session
(Estimate = .03, SE = .01, t = 4.21, P < .001), with participants
being slower overall in session 2. The context effect across
sessions yielded a Pearson's correlation coefficient of r = .47.
Session specific linear mixed-effects regression also yielded a
strong effect of condition for session 1 (Estimate = —.20,
SE = .02, t = —12.79, P < .001, Cohen's d = .81) and session 2
(Estimate = —.20, SE = .02, t = —11.84, P < .001, Cohen's d = .81).
The overall mean error frequency was 1.5% (SD = 1.8), also per
session individually, ranging from 0 to 7% per participant in

total. Per condition this was 1.8% following constrained con-
texts and 1.2% after unconstrained contexts.

3.2. Whole-brain BOLD fMRI

3.2.1. Session average: trial events over rest

We first looked at the session-average of BOLD increases at the
three trial events (i.e., first word, pre-picture interval, picture
appearance) per condition over rest. These results are shown
per trial event in the two upper rows of Fig. 3 (1st row: con-
strained context, 2nd row: unconstrained context). As ex-
pected, no significant differences were found between the two
conditions at the beginning of the sentence (‘First Word’, left
column in Fig. 3). Here, we see BOLD increases over rest mostly
in the visual network. For a list of significant clusters of BOLD
increases at the first word see Supplementary Table 1.1.

At the pre-picture interval and picture appearance (middle
and right columns in Fig. 3), we obtained distinct results per
context condition over rest. At the pre-picture interval, areas
showing BOLD increases over rest that were common to both
contexts were, amongst others, bilateral middle temporal
gyrus and the orbital part of the inferior frontal gyrus, as well
as the left middle temporal pole. In constrained contexts,
additional clusters of BOLD increases over rest appeared in the
left superior parietal lobule, the triangular part of the left
inferior frontal gyrus, the left precentral gyrus, amongst
others (cf., Supplementary Table 1.2.1). At the pre-picture in-
terval in unconstrained contexts, we also found clusters of
BOLD increases over rest in the left inferior and middle oc-
cipital gyri and the left angular gyrus (cf., Supplementary
Table 1.2.2). For a complete list of clusters for the pre-picture
interval see Supplementary Table 1.2.

After picture appearance, common areas of BOLD in-
creases over rest for both conditions were the bilateral post-
central gyrus and the right fusiform gyrus, but we again saw
different areas exhibiting BOLD increases per context. For
constrained contexts, the results yielded additional clusters in
the opercular part of the left inferior frontal gyrus, left caudate
and left occipital areas, amongst others (cf., Supplementary
Table 1.3.1). After picture appearance in unconstrained con-
texts, additional clusters appeared in the left middle cingulate
gyrus and parts of the left cerebellum (cf., Supplementary
Table 1.3.2). For a list of all significant clusters after picture
appearance see Supplementary Table 1.3.

3.2.2. Session average: differences between contexts

We expected word retrieval to happen during the pre-picture
interval in constrained contexts, and after picture appear-
ance in unconstrained contexts. To investigate this expected
‘cross-overlap’ of activity profiles for word retrieval per context
type, we looked at the interaction between context condition
and trial event (i.e., pre-picture vs picture appearance). The
results of this interaction are shown in Table 1 and Fig. 4 (top
right). Following the significant interaction, we looked at the
BOLD increases for constrained over unconstrained contexts
at the pre-picture interval (i.e., contextually guided word
retrieval), and for unconstrained over constrained contexts at
picture appearance (i.e., visually guided word retrieval). These
results are shown in the top row, left and middle columns of
Fig. 4 and reported in Tables 2.1 and 2.2 respectively.
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Fig. 2 — Mean picture naming times for each participant (color) per condition and session. Lines connect the mean response
times per context for each participant. Reproduced with permission from the authors from https://doi.org/10.17605/0SF.10/
2FVGB.

Pre-Picture

session average
constrained

unconstrained

session
comparison

Fig. 3 — Top and middle row: T-contrasts of BOLD increases per trial event, averaged across sessions. Left column = first
word, middle column = pre-picture interval, right column = picture appearance. Bottom row: session consistency of effects
pooled over conditions by means of a full-factorial model. Blue = Session 1, green = Session 2, teal = common to both
sessions. All clusters are significant on cluster level, FWE-corrected P < .05. For max T-values, see Supplementary Table 1.
Reproduced with permission from the authors from https://doi.org/10.17605/0SF.I0/2FVGB.

Common areas that exhibited BOLD increases during the posterior portion of the left middle temporal gyrus, the left
assumed moment of word retrieval in both contexts (purple, fusiform gyrus, and the triangular part of the left inferior
‘overlap’ in lower right column of Fig. 4) were the mid to frontal gyrus. Additional BOLD increases at the pre-picture
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Table 1 — Session Average. Interaction between Context and Trial Event: Pre-Picture interval constrained > unconstrained &

Picture onset unconstrained > constrained.

Cluster Peak Voxel (MNI Coordinates) Anatomical Location (AAL)
p (FWEc) Size T value X y z
.000 220 11.2* 30 26 -2 Right Insula
.000 1608 9.01 —50 16 0 Left Inferior Frontal Gyrus (triangularis)
.000 612 8.45 —50 —60 —-14 Left Inferior Occipital Gyrus
6.89 -32 —40 —24 Left Fusiform Gyrus
.000 937 8.25 0 0 68 Left Supplementary Motor Area
.000 481 7.51 —50 —56 12 Left Middle Temporal Gyrus (posterior)
6.72 —66 -30 6 Left Middle Temporal Gyrus (mid)
6.32 —54 -24 0 Left Middle Temporal Gyrus (mid)
.000 124 7.14 36 —40 —16 Right Fusiform Gyrus
.004 69 6.67 38 12 26 Right Inferior Frontal Gyrus (opercularis)
5.02 42 26 22 Right Inferior Frontal Gyrus (triangularis)
017 54 6.63 16 —28 —10 Right Lingual Gyrus
5.18 20 -22 -16 Right Parahippocampal Gyrus
.000 130 6.52 —6 -8 8 Left Thalamus
5.16 4 -14 8 Right Thalamus
.000 186 6.18 44 —-12 32 Right Postcentral Gyrus
4.64 54 -4 36 Right Precentral Gyrus
.000 103 5.96 —58 0 24 Left Precentral Gyrus
4.56 —56 -10 32 Left Postcentral Gyrus
.039 46 5.79 54 —32 -2 Right Middle Temporal Gyrus
.01 59 5.77 —10 —34 —4 Left Lingual Gyrus
4.42 -20 -28 -8 Left Hippocampus
.000 96 5.67 —34 —86 24 Left Middle Occipital Gyrus
.000 154 5.62 —30 —66 52 Left Superior Parietal Gyrus
5.58 -30 —54 52 Left Inferior Parietal Gyrus
.000 97 5.52 16 —84 —36 Right Cerebellum
.000 105 5.51 —38 2 48 Left Precentral Gyrus
.048 44 4.94 14 —64 —28 Right Cerebellum
.001 86 4.87 48 —66 —14 Right Inferior Occipital Gyrus
4.62 42 —58 -12 Right Inferior Temporal Gyrus

Note. Peak voxels with an undefined anatomical label are not reported. Asterisk indicates the max T-value. FWEc = Family-Wise Error corrected.

interval specific to contextually guided word retrieval (pink,
‘context’ in lower right column of Fig. 4) occurred in the left
inferior temporal and occipital gyrus, as well as the left
inferior parietal lobule (cf., Table 2.1). Significant clusters for
the picture appearance specific to visually guided word
retrieval (cyan, ‘visual’ in lower right column of Fig. 4) addi-
tionally occurred in the anterior to posterior left middle
temporal gyrus, as well as in the right fusiform gyrus (cf.,
Table 2.2). For completeness we also tested unconstrained
versus constrained at the pre-picture interval, and con-
strained versus unconstrained at picture onset (i.e., the
reverse contrasts of the cross-overlap contrasts). For the
contrast constrained > unconstrained at picture onset, no
significant clusters survived FWE-correction. The results for
pre-picture unconstrained > constrained are shown in Table
2.3 and Supplementary Figure 1. Significant clusters of BOLD
increases were found in right and left middle frontal gyrus
and left anterior cingulate cortex, amongst other areas. Note
that there is little to no activation in the left hemisphere
perisylvian areas for this contrast. Given that this contrast is
of less relevance, it will not be discussed further.

3.2.3. Session consistency: differences between contexts
To investigate the across-session consistency of contextually
and visually guided word retrieval, we compared the respec-
tive activity profiles of both sessions, meaning the difference
in BOLD increases between contexts at both moments of word
retrieval. These results are shown in the bottom row of Fig. 4,
color coding the session-specific as well as common areas.
Here we discuss areas that consistently exhibited BOLD in-
creases across the two sessions for both moments of word
retrieval. For all other areas, we refer to Supplementary Table
2. In general, the session-specific results show a tendency of
more additional clusters in session 2 than in session 1.
During word retrieval at the pre-picture interval (‘contex-
tually guided’, left column of Fig. 4), consistent clusters of
BOLD increases were in the left and right insula, left pre-
central gyrus, left inferior occipital and temporal lobes, left
fusiform gyrus, the opercular part of the left inferior frontal
gyrus, and left inferior parietal lobule. Areas that consistently
exhibited BOLD increases during word retrieval at the picture
appearance (‘visually guided’, middle column of Fig. 4), were
the right insula, left middle temporal gyrus, the triangular part
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Table 2 — Session average. Cross-overlap of pre-picture interval and picture onset and reverse contrasts.

Cluster Peak Voxel (MNI Coordinates) Anatomical Location (AAL)
p (FWEc) Size T value X y %
1. Cross-Overlap: constrained > unconstrained at Pre-Picture interval
.000 1188 9.59* —30 24 2 Left Insula
9.42 -50 30 24 Left Inferior Frontal Gyrus (triangularis)
7.93 -52 16 0 Left Inferior Frontal Gyrus (triangularis)
.000 129 9.56 32 24 —4 Right Insula
.000 436 8.85 —54 -2 28 Left Precentral Gyrus
6.95 —48 -10 38 Left Postcentral Gyrus
.000 804 8.42 6 4 70 Right Supplementary Motor Area
8.25 —14 2 72 Left Superior Frontal Gyrus
6.98 -4 6 60 Left Supplementary Motor Area
.000 364 8.21 —50 —60 —-14 Left Inferior Occipital Gyrus
7.19 —44 -50 -14 Left Inferior Temporal Gyrus (posterior)
.000 339 7.34 44 —-12 32 Right Postcentral Gyrus
6.36 50 -6 34 Right Precentral Gyrus
.000 93 7.09 —32 —40 —24 Left Fusiform Gyrus
.000 453 6.84 —32 —54 52 Left Inferior Parietal Lobule
6.05 —32 -70 50 Left Inferior Parietal Lobule
.000 171 6.44 —20 6 2 Left Putamen
5.68 —24 —4 -6 Left Pallidum
.000 99 6.11 —4 —24 10 Left Thalamus
5.26 4 -14 8 Right Thalamus
.000 96 5.35 10 —78 —-36 Right Cerebellum
.016 51 4.75 —64 —42 8 Left Middle Temporal Gyrus (posterior)
4.60 —64 -30 6 Left Middle Temporal Gyrus (mid)
4.21 —58 —40 2 Left Middle Temporal Gyrus (posterior)
2. Cross-Overlap: unconstrained > constrained at Picture onset
.000 258 9.31* 30 24 -2 Right Insula
.000 945 8.12 —66 -30 6 Left Middle Temporal Gyrus (mid)
7.93 —52 —54 14 Left Middle Temporal Gyrus (posterior)
7.33 -50 -10 —-16 Left Middle Temporal Gyrus (mid)
.000 1294 7.91 —52 32 16 Left Inferior Frontal Gyrus (triangularis)
7.20 —42 20 24 Left Inferior Frontal Gyrus (triangularis)
6.73 —42 12 30 Left Precentral Gyrus
.000 676 7.60 —50 —60 —14 Left Inferior Occipital Gyrus
7.12 —42 —52 -14 Left Fusiform Gyrus
6.63 —34 —40 -26 Left Fusiform Gyrus
.000 802 6.98 —10 4 70 Left Supplementary Motor Area
6.72 -4 20 32 Left Middle Cingulum
6.24 -4 18 48 Left Supplementary Motor Area
.000 658 6.97 38 —-32 —-20 Right Fusiform Gyrus
6.20 48 —64 -6 Right Inferior Temporal Gyrus
.004 74 6.44 16 —84 —36 Right Cerebellum
.002 82 6.23 2 —62 —38 Right Cerebellum
5.95 0 —54 —40 Left Cerebellum
.000 157 6.23 16 —28 —10 Right Lingual Gyrus
6.20 20 -22 -16 Right Parahippocampal Gyrus
.040 49 6.19 54 —32 -2 Right Middle Temporal Gyrus
.000 195 6.15 -8 —56 12 Left Precuneus
5.25 -16 —62 2 Left Lingual Gyrus
4.92 -18 -70 14 Left Calcarine Sulcus
.001 95 6.08 —10 —34 —6 Left Lingual Gyrus
5.27 -8 —-50 -2 Left Cerebellum
.008 66 6.01 —50 —68 22 Left Middle Temporal Gyrus (posterior)
3.96 —42 —66 16 Left Middle Temporal Gyrus (posterior)
.001 95 5.94 —6 —6 6 Left Thalamus
4.84 -8 —24 10 Left Thalamus
.000 199 5.72 —38 —88 -2 Left Middle Occipital Gyrus
5.60 —40 —-86 16 Left Middle Occipital Gyrus
.021 56 5.58 16 —72 —26 Right Cerebellum
.001 89 5.35 0 —70 24 Left Cuneus
.006 70 5.27 60 0 —-12 Right Superior Temporal Gyrus
5.13 52 -8 -20 Right Middle Temporal Gyrus

(continued on next page)


https://doi.org/10.1016/j.cortex.2022.10.014
https://doi.org/10.1016/j.cortex.2022.10.014

262

CORTEX 159 (2023) 254—267

Table 2 — (continued)

Cluster Peak Voxel (MNI Coordinates) Anatomical Location (AAL)
p (FWECc) Size T value X y z
.001 96 5.10 28 -70 30 Right Middle Occipital Gyrus

3. Reverse Cross-Overlap: unconstrained > constrained at Pre-Picture interval

.000 432 8.55% 32 26 42 Right Middle Frontal Gyrus
5.83 20 38 36 Right Superior Frontal Gyrus

.028 46 8.22 —26 34 46 Left Middle Frontal Gyrus
4.15 —18 34 42 Left Superior Frontal Gyrus

.000 578 8.17 —10 46 4 Left Anterior Cingulum
6.5 4 16 -6 Right Olfactory Bulb

015 52 7.15 16 —68 0 Right Lingual Gyrus

.000 155 6.83 2 —52 24 Right Precuneus

.039 43 5.84 —24 —48 —42 Left Cerebellum

.000 125 5.71 62 —-26 38 Right Supramarginal Gyrus

4. Reverse Cross-Overlap: constrained > unconstrained at Picture onset

No significant clusters

Note. Peak voxels with an undefined anatomical label are not reported. Asterisk indicates the max T-value corresponding to the max T-value in

Figs. 3 and 4. FWEc = Family-Wise Error corrected.
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Fig. 4 — Top row: T-contrasts of BOLD increases for constrained over unconstrained contexts at the pre-picture interval (left
column), and unconstrained over constrained contexts at the picture appearance (middle column), averaged across
sessions. Bottom row: session consistency of differences between contexts (i.e., of contrasts presented in top row). Dark
blue = Session 1, green = Session 2, teal = common to both sessions. Right column, top: interaction between context type
and trial event (i.e., pre-picture interval vs picture appearance). Right column, bottom: cross-overlap of contextually and
visually guided word retrieval. Pink = contextually guided, cyan = visually guided, purple = common to both ways of word
retrieval. All clusters are significant on cluster level, FWE-corrected P < .05. For max T-values, see Tables 1 and 2 Reproduced

with permission from the authors from https://doi.org/10.17605/0SF.I0/2FVGB.

of the left inferior frontal gyrus, as well as left and right fusi-
form gyrus. For completeness, we also show the across ses-
sion consistency for each of the three trial events pooled over
conditions (bottom row of Fig. 3).

4, Discussion

In the present study, we investigated the differences and
commonalities in brain areas underlying contextually and
visually guided word retrieval. Additionally, we examined the

consistency of this mapping within the same participants
across two sessions. In terms of behavioral results, we repli-
cated previous findings of faster picture naming in con-
strained compared to unconstrained contexts, indicating that
people are able to start planning a word based on contextual
information in a sentence (e.g., Husta et al., 2021; Piai et al.,
2014; Roos & Piai, 2020), shown in Fig. 2. Our imaging results
show that contextually and visually guided word retrieval
have distinct and overlapping underlying profiles of brain
activity, as can be seen in Figs. 3 and 4. The mapping consis-
tency of BOLD increases across sessions was high when
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pooled over conditions (lower row of Fig. 3), but more diver-
gent when looking at the differences between contexts across
sessions (lower row of Fig. 4). We first discuss the similarities
and differences of the involved brain areas for both types of
word retrieval, based on session-averaged results. Then we
focus on the session consistency and discuss how far session 1
and 2 yielded overlapping or diverging results in terms of the
involved brain areas.

4.1. Brain areas common to both types of word retrieval

One outcome of interest of our study regards the expected
‘cross-overlap’ of activity patterns during word retrieval. For
each context type, we assumed that people would retrieve the
word at different points in the sentence: After having seen the
picture in the unconstrained sentences (i.e., visually guided,
middle panel of Fig. 4), and in the constrained sentences
during the pre-picture interval, before the picture appeared
(i-e., contextually guided, left panel of Fig. 4). We further ex-
pected processes of word retrieval to be reflected in BOLD
signal increases. We found two different activity profiles for
word retrieval depending on the lead—in process, with partial
overlap between them (lower right panel of Fig. 4). This
overlap is likely to indicate the core process of word retrieval,
such as accessing the lexical concept, selecting the correct
lemma, and the corresponding phonological form. These
steps should not differ depending on whether word retrieval is
initiated by sentence context (contextually) or picture
appearance (visually; for similar reasoning, see Indefrey &
Levelt, 2004). Areas that were common between both ways
of word retrieval (‘overlap’, purple clusters in the lower right
panel of Fig. 4) were the left fusiform gyrus, including the vi-
sual word form area (L. Cohen et al., 2000), the left middle
temporal gyrus, and the pars triangularis of left inferior
frontal gyrus. The distribution of clusters within the left
middle temporal gyrus suggest that the overlap is mostly
present in the mid portion (where anterior y > -7, mid
—7 >y > —38, and posterior y < —38, defined in Talairach
space, following Indefrey & Levelt, 2004), while the most
posterior and anterior extent are found for visually guided
word retrieval (see section 4.2.2 below), but not for contextu-
ally guided word retrieval. The involvement of the left fusi-
form, middle temporal, and inferior frontal gyrus at both
moments of word retrieval suggests that they are independent
of the input modality of the lead—in information (context vs.
picture). These areas are thus likely associated with core
processes of conceptually driven word production.

The visual word form area is located between the left
fusiform and inferior temporal gyrus and has been suggested
to be critical for reading, but also for other tasks including
visual stimuli such as picture naming (Jobard et al., 2003).
Since both contexts included reading as well as the processing
of pictorial stimuli, the involvement of the fusiform gyrus at
both moments of word retrieval is not surprising. The left
fusiform and middle temporal gyri have been associated with
conceptual processing, as well as storage and retrieval of se-
mantic knowledge and language use as part of the human
semantic network (Binder et al., 2009). In one study, the same
areas were identified to disrupt semantic processing when
cortically stimulated, independent of modality for visual as

well as auditory naming (Forseth et al., 2018). Activity in the
left inferior frontal gyrus has repeatedly been found for tasks
involving the retrieval of semantic knowledge (Murtha et al.,
1999), as well as semantic processing in object naming and
word generation (Binder et al., 2009; Price, 2012; Price et al,,
2005). Further, the mid and posterior portion of the left mid-
dle temporal gyrus have previously been associated with
conceptually driven lexical selection following visual recog-
nition of objects, and phonological code retrieval respectively
(Indefrey & Levelt, 2004). This is in line with our present re-
sults, as these are all crucial steps for planning a spoken word,
in contextually as well as visually guided scenarios.

4.2. Different brain areas for each type of word retrieval

Next to the overlap of brain areas involved in word retrieval
depending on the lead—in information, we also found non-
overlapping areas (‘context’ in pink and ‘visual’ in cyan,
Fig. 4). The main difference between the two ways of word
retrieval probably reflects the manner in which the concept
is accessed: either through sentence context or picture
appearance.

4.2.1. Contextually guided word retrieval

Our results (top row in left panel, Fig. 4) suggest that areas
involved in accessing the concept based on sentence context
are the left inferior temporal and occipital gyrus, as well as the
left inferior parietal lobule. The inferior temporal as well as
the occipital gyrus have been repeatedly identified as specific
to picture naming in comparison to word generation, sug-
gesting they are not common word production areas, but
rather involved in lead-in processes for word retrieval that
require specific semantic knowledge (Indefrey & Levelt, 2004).
Further, the inferior temporal gyrus has been linked to
accessing lexical concepts in word production (Price, 2012;
Roelofs, 2014). Finally, the inferior parietal lobule has been
shown to be involved in the prediction and integration of se-
mantic knowledge (Binder et al., 2009; Price, 2012). The
involvement of the left temporal and inferior parietal lobule in
contextually guided word retrieval further corresponds to the
results of our previous MEG study, where we found the
strongest and most reliable power decreases between con-
strained and unconstrained sentence contexts in these areas
across sessions (Roos & Piai, 2020). Although MEG and fMRI
capture different aspects of neuronal activity and the BOLD
signal underlies a six to 12 s hemodynamic response curve
(Kujala et al., 2014; Liljestrom et al., 2009; Vartiainen et al.,
2011), it is reassuring to see partial convergence between
both methods for the same paradigm, demonstrating the
possibility to dissociate processing areas in close temporal
proximity using fMRI.

4.2.2. Visually guided word retrieval

We found that accessing the concept based on picture
appearance involves more anterior and posterior regions of
the left middle temporal gyrus, as well as the right fusiform
gyrus (top row in middle panel, Fig. 4). These areas thus seem
to be relevant for semantic processes related to visual object
recognition. In fact, the anterior temporal lobe has been
demonstrated to play a significant role in naming pictures of
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faces and houses (Grabowski et al., 2001) and in a study using
voxel-based lesion-symptom mapping in aphasia (Schwartz
et al., 2009). Further, a review of studies on the anatomy of
visual object processing also illustrates the involvement of the
anteromedial temporal cortex for processing animate as well
as inanimate objects (Bright et al., 2005). As the unconstrained
sentence contexts in our study are non-informative with re-
gard to the upcoming picture, they are basically irrelevant for
retrieval of the target word depicted by the picture. This
makes word retrieval in unconstrained contexts somewhat
comparable to bare picture naming tasks.

4.2.3. Organization of the semantic system
The divergence between areas involved in contextually and
visually guided word retrieval (Fig. 4) also relates to previously
proposed specializations within the semantic system in the
brain, such as thematic and taxonomic systems. This regards
the relationships between words that are either taxonomi-
cally related (apple-pear) or thematically related (dog-leash,
similar to constrained contexts in our study). Studies inves-
tigating brain organization for taxonomic and thematic re-
lations have found activations in the left anterior temporal
lobe, and posterior temporal as well as inferior parietal areas
respectively (Mirman et al., 2017; Schwartz et al., 2011). Our
findings of the involvement of the left inferior parietal lobule
for the constrained condition are in line with this literature.
Another aspect of the semantic system related to our study
regards referential and inferential semantic competence
(Marconi et al., 2013). Referential naming refers to visual
naming of objects, while inferential naming refers to naming to
definition. Likewise, theories propose distinct underlying neu-
ral processes, while both also rely on the common semantic
network of areas that are crucial for accessing semantic
knowledge (Binder et al., 2009). Referential naming has been
associated with activity in the right fusiform gyrus, which has
been linked to visual processing (Marconi et al., 2013). Another
study has found activity for referential naming compared to
baseline in left middle temporal gyrus and right fusiform gyrus
(Farias et al., 2005). This further converges with our results for
visually guided word retrieval (middle panel, Fig. 4). The same
study has located significant activity for inferential naming
compared to baseline to the left inferior temporal and inferior
parietal lobule, which overlaps with our results for contextually
guided word retrieval (left panel Fig. 4). Thus, visually guided
word retrieval is similar to referential naming, and contextually
guided word retrieval comparable to inferential naming
(although the latter is less similar, as the sentence context in
our paradigm plays a slightly different role than in naming to
definition, which could again induce differences in the under-
lying processes of word retrieval).

4.3.  Consistency of involved brain areas across sessions

Apart from the brain areas underlying the two different types
of word retrieval, which were derived from an average over
sessions, we also examined the consistency of this mapping
from session 1 to session 2. We approached this by comparing
the BOLD increases pooled over both conditions per sentence
part (bottom row of Fig. 3). This led to a high consistency
across sessions such that clusters of BOLD increases of

sessions 1 and 2 mostly overlapped. However, pooling over
conditions is not informative in the scope of the employed
paradigm. A more informative across-session consistency
regards the activity patterns specific to contextually and
visually guided word retrieval. We first focus on the contrasts
for both types of word retrieval averaged across sessions (top
row of Fig. 4) and to what extent they are based on consistent
session-specific contrasts (bottom row of Fig. 4), before we
discuss the direct comparison of the specific contrasts of
sessions 1 and 2.

4.3.1. Contextually guided word retrieval

For contextually guided word retrieval (left panel, Fig. 4), all
but four clusters (the four lowest peak T-values) that were
observed in the pre-picture constrained > unconstrained
contrast averaged across sessions (Table 2.1) appear in both
session-specific contrast (Supplementary Table 2.1 and 2.2)
and are thus consistent across sessions. This holds for all left
hemisphere areas that we discussed to be specific for con-
textually guided word retrieval, such as the inferior temporal
and occipital gyri and the inferior parietal lobule. However,
the results for session 1 do not yield any activity in the left
middle temporal gyrus, which we discussed above to be
common to both types of word retrieval. Most likely, these
clusters did not meet the threshold in session 1, suggesting
that the effect size for the left middle temporal gyrus is
smaller than for the other regions. Another divergence be-
tween the session-specific and session-averaged contrast
regards the left inferior frontal gyrus, again suggesting that
the effect size in this area is smaller than for other areas.

4.3.2. Visually guided word retrieval

For visually guided word retrieval (middle panel, Fig. 4), the
convergence of the session-average and session-specific
contrasts was smaller (Table 2.2, and Supplementary Table
2.3 and 2.4 respectively). Here only six clusters with the
highest peak values and one additional cluster (out of 20 in
total) are common across sessions. This means that, for
visually guided word retrieval, less than half of the areas
exhibiting BOLD increases are session consistent. Yet, areas
that are consistent include the mid and posterior portion of
the left middle temporal gyrus, the left inferior frontal gyrus,
and bilateral fusiform gyrus. As argued above, the left middle
temporal and right fusiform gyrus seem to be at the core of
visually guided word retrieval, while the left fusiform and
inferior frontal gyrus are common to both types of word
retrieval.

4.3.3.  Comparison

We see a tendency of more clusters of BOLD increases and a
more wide-spread distribution of those for session 2
compared to session 1 (bottom row, Fig. 4). Overall, our results
for contextually guided word retrieval seem to be more reli-
able (replicable across sessions) than those for visually guided
word retrieval, as there are more areas consistent across
sessions for the former than for the latter. Almost all areas
that are session consistent for visually guided word retrieval
are, in fact, common to both types of word retrieval. This
provides converging evidence on the functional neuro-
anatomy of lexical access.
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4.4. Strengths and limitations

The experimental paradigm we employed has a number of
strengths. We provide a setting for picture naming in which
each picture appears in the context of a plausible sentence.
The moment and way of word retrieval differs between
experimental conditions, which is reflected in varying sen-
tence contexts. In other words, this paradigm yields a well-
controlled setting for word retrieval based on sentence
context or picture appearance within the same modality,
while it prevents capturing any activity due to differences
between conditions that are not of interest. Another strength
of our study is that we tested the same group of people in two
sessions to see test-retest reliability.

In terms of validity for language mapping in combination
with fMRI, this paradigm seems promising. In a previous fMRI
study, sentence completion yielded the highest validity and
across-session consistency, while picture naming without a
proper control condition did not result in valid left-lateralized
activity maps (Wilson et al.,, 2017). The same study also
investigated different analysis parameters and concluded that
a priori selected regions of interest improve results for fMRI
but are yet a risky approach for research and especially for
clinical contexts. In that sense, the paradigm we employed
offers a good control condition, yielding left lateralized ac-
tivity patterns for picture naming, simply by conducting
whole brain analyses with standard parameters.

These strengths, however, also come with limitations. The
event-related design likely reduces experimental power for
this paradigm in combination with fMRI. An adaptation of the
current or similar paradigms to tackle this limitation and in-
crease power would be a blocked design (Wilson et al., 2017).
As the BOLD response also reflects long-lasting processes, it is
quite sensitive to variations from trial to trial (Liljestrom et al.,
2009). Especially with a sensitive contrast between conditions
that only differs in the context of the sentence preceding the
picture, an event-related design might be too subtle to capture
differences between conditions within one session. Further,
we have argued that word retrieval in unconstrained senten-
ces is similar to bare picture naming. Yet, by embedding
visually guided word retrieval in the context of a plausible
albeit unconstrained sentence, we steer away from settings of
bare picture naming, which makes our results less compara-
ble to previous findings in the literature of such studies in the
field.

Regarding our sample size, we admit that a sample of 15
participants generally differs from sample sizes used for other
fMRI studies, and thereby constitutes a limitation of the cur-
rent study. However, we included two sessions per participant
and mostly looked at data averaged over both sessions. In
addition, we also show the test-retest consistency for con-
textually and visually guided naming, which should ulti-
mately reinforce the confidence in our findings. Further, the
small sample size might have prevented detecting effects of
smaller magnitude, which we consider to be of smaller rele-
vance. In this study we limited our target words to only nouns.
For future research of lexical access, however, it would be
interesting to add to the current findings and also include
picture naming of action verbs. Another methodological

limitation regards thresholding in fMRI. We only conducted
whole-brain analyses which were not restricted to a priori
selected regions of interest. Thus, our results yielded activity
in a vast amount of brain regions but taking a closer look at the
session consistency for the respective contrasts shows us that
the average contrasts are not always consistent with the
session-specific ones (although many areas that are session
consistent for visually guided retrieval are also engaged in
conceptually driven word retrieval). More targeted analyses
using pre-defined regions of interest would likely result in
higher across-session consistency.

5. Conclusion

We investigated the functional neuroanatomy of visually and
contextually guided lexical access and the consistency of this
mapping across sessions. While contextually guided retrieval
of words specifically involves the left inferior temporal and
occipital gyrus, as well as the left inferior parietal lobule,
visually guided retrieval recruits the anterior to posterior left
middle temporal gyrus, as well as the right fusiform gyrus.
Regardless of its lead-in processes, lexical access consistently
involved the mid to posterior portion of the left middle tem-
poral gyrus, the left fusiform gyrus, and the triangular part of
the left inferior frontal gyrus. These findings inform our the-
ories about the neurobiology of lexical access in word pro-
duction. Combining the BOLD increases of both conditions
yielded consistent mappings for session 1 and 2. However, the
across-session consistency of BOLD signal differences be-
tween conditions was lower. This suggests that more power is
needed to detect reliable and meaningful condition-specific
activity patterns that are consistent between multiple fMRI
sessions.
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