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Spontaneous language has rarely been subjected to neuroimaging studies. This study therefore introduces a
newly developed method for the analysis of linguistic phenomena observed in continuous language production
during fMRI.
Most neuroimaging studies investigating language have so far focussed on singleword or— to a smaller extent—
sentence processing, mostly due tomethodological considerations. Natural language production, however, is far
more than the mere combination of words to larger units. Therefore, the present study aimed at relating brain
activation to linguistic phenomena like word-finding difficulties or syntactic completeness in a continuous
language fMRI paradigm. A picture description task with special constraints was used to provoke hesitation
phenomena and speech errors. The transcribed speech sample was segmented into events of one second and
each event was assigned to one category of a complex schema especially developed for this purpose. The main
results were: conceptual planning engages bilateral activation of the precuneus. Successful lexical retrieval is
accompanied – particularly in comparison to unsolvedword-finding difficulties – by the leftmiddle and superior
temporal gyrus. Syntactic completeness is reflected in activation of the left inferior frontal gyrus (IFG) (area 44).
In sum, the method has proven to be useful for investigating the neural correlates of lexical and syntactic
phenomena in an overt picture description task. This opens up new prospects for the analysis of spontaneous
language production during fMRI.

© 2012 Elsevier Inc. All rights reserved.
Introduction

Mapping brain activation during natural and continuous language
production still remains a challenge for neuroimaging studies. At the
same time, spontaneous language production is a task most people
handle fluently and effortlessly, making it much more natural than
other tasks used in language experiments. The present study thus
investigated both fluent language and trouble-indicating behaviour
like word-finding difficulties and syntactically incomplete utterances
using a novel fMRI paradigm, which has proven to be suitable for
the elicitation of hesitation phenomena in a behavioural pilot study
(Meffert et al., 2011).

In fluent conversation, 2–3 words are produced every second, and
speech errors are rare (Levelt et al., 1999). According to the model of
Levelt (2001), a correct single word utterance requires three steps.
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First, a target concept emerges. Second, the appropriate lexical entry
is selected from the mental lexicon. The third step is the form
encoding, including the retrieval of the morphemic and phonological
codes, the syllabification and access to the corresponding articulatory
gestures. Other language production models include syntactic process-
ing stages like the set-up of a syntactic frame, the insertion of content
and function words and morphological encoding (e.g. Garrett, 1975;
Hagoort, 2003).

During the last two decades, numerous fMRI studies have aimed at
disentangling the neural substrate of these language components.
There is general consensus that language is processed in a complex
predominantly left lateralised network, including inferior frontal,
temporal and inferior parietal areas (see Vigneau et al., 2006, 2011 for
recent meta analyses). Most of these studies focussed on single word
processing as in naming, lexical decision or verbal fluency tasks.Wilson
et al. (2009) investigated the effect of psycholinguistic variables like
concept familiarity and word frequency on brain activation in a naming
task and thus aimed atmapping the different stages of the Levelt model
onto brain regions. They associated the conceptual stage including
visual processing and object recognition with bilateral occipital and
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inferior temporal activations. Lexical processing, i.e. lemma retrieval,
was related to activation of the left posterior inferior and mid middle
temporal gyri (see also Indefrey and Levelt, 2004), while the posterior
part of the superior temporal gyrus (STG) was interpreted as important
for phonological code retrieval. Syntactic processing, which is not
relevant for single word naming and therefore not considered in the
study of Wilson et al. (2009), is supported by the left IFG (areas 44
and 45) (e.g. Indefrey et al., 2001, 2004; Haller et al., 2005).

Disentangling the different stages of word processing on the basis
of a psycholinguistic model would, however, be even more worthwhile
in amore natural context, i.e. in a continuous language. Yet, to date only
few attempts have been reported which used continuous language
production paradigms. There are two methodological reasons for this.
First, fMRI signals recorded during overt speech are traditionally
thought to be compromised by susceptibility artefacts induced by
extensive head motion during speaking (for a review cf. Gracco et al.,
2005). Attempts to use different neuroimaging techniques (e.g. positron
emission tomography, PET; cf. Indefrey et al., 2001, 2004) provided
more promising means but suffered from a low temporal resolution,
which is not suited for flexible event-related data analysis. Second,
as a consequence of these principal initial difficulties, little effort has
been made to develop cognitive paradigms which provide a rationale
fine-grained enough to address events of e.g. lexical retrieval difficulties
in overt speech production. Instead, studies testing single word
production in combination with improved neuroimaging protocols
(e.g. including a silent period with no gradients in the BOLD acquisition
phase; “sparse sampling”) were used (e.g. de Zubicaray et al., 2001,
2002; Gracco et al., 2005; Grande et al., 2011; Heim et al., 2002, 2006a,
2008).1 Narrative production, however, involves far more than mere
sequencing of single words. Consequently, additional linguistic pro-
cesses such as conceptual and syntactic planning of utterances have
to be taken into account. In addition to the studies by Indefrey et al.
(2001, 2004) and Haller et al. (2005), Den Ouden et al. (2008) have
investigated syntactic processing, in particular the production of verb
second in comparison to verb final clauses, a specific characteristic of
Dutch and German. They emphasise the role of the left middle and
superior frontal cortex for the production of verb second clauses, which
are assumed to be the more complex ones. Besides the frontal cortex,
superior temporal regions have also been reported for sentence
processing, though mostly sentence comprehension has been consid-
ered here (see Grodzinsky and Friederici, 2006 for a review). As one of
the few studies looking into the production of connected speech,
Troiani et al. (2008) compared single picture description with story
narration and found bilateral prefrontal and left temporal activations.
They interpret the activation of the bilateral inferior frontal cortex
in terms of top-down organisation required in story narration. Kircher
et al. (2000) related the articulation rate to brain activation during the
description of Rorschach ink blots. The articulation rate was found to
be positively correlated with the left temporal (area 22) and inferior
parietal activations (area 39/40). The authors stress the role of the left
temporal cortex in lexical access during continuous language in contrast
to the importance of the left inferior frontal cortex in a single word
retrieval. In another study, Kircher and colleagues compared in a
comparable design pauses within clauses to pauses at grammatical
1 Note that arterial spin labelling (ASL) has recently been discussed as a promising
alternative for neuroimaging studies of overt speech production (Kemeny et al., 2005;
Raoult et al., 2011a,b) because it is less artefact prone than BOLD imaging while
producing reliable results. Two major disadvantages of ASL, however, are its low
signal-to-noise ratio and the high technical demands it (still) poses. These two are
critical in particular for paradigms which are aimed at testing both healthy controls
and aphasic patients. This is because aphasic patients may often be scanned only
shortly (requiring high signal-to-noise ratio) on the machine with the equipment
available in the respective hospital. Since the present study investigates the neural
underpinnings of a novel cognitive paradigm intended to scan aphasic patients (cf.
Tillmanns et al., 2011), we used the standard BOLD approach instead of ASL. Please
refer to the Materials and methods section for further details.
junctions (Kircher et al., 2004). Pauses in contrast to language pro-
duction were generally correlated with activation in the left superior
temporal cortex. This was particularly the case for pauses within
clauses, which are likely to reflect lexical retrieval.

In sum, these studies emphasise differences between single word
production and narrative language and demonstrate the possibility
of investigating continuous language production in fMRI. However,
all studies report error-free language production. In a previous fMRI
study from our own group, we investigated neural correlates of word-
finding difficulties in fluent aphasic spontaneous language (Tillmanns
et al., 2011). Brain activation related to successfully solved word-
finding difficulties was not to be distinguishable from unimpaired
language production. In contrast, unsuccessful lexical search activated
bilateral inferior frontal and temporo-parietal areas, in particular the
left IFG, the left medial temporal gyrus, the right STG, as well as the
bilateral precentral gyri. The application of this paradigm to healthy
speakers, however, is not possible without modification, since speech
errors and word-finding difficulties are very rare in normal language
production (Roelofs, 1999).

In behavioural paradigm speeches, errors have long since been used
to gain insight into the complex process of conceptual, lexical, and
phonological retrievals. Thus, the present study aims at combining the
promising new possibilities of continuous speech in fMRI with evoking
speech errors in healthy control speakers using a newly developed
technique described below (Meffert et al., 2011). For this reason, the
comprehensive literature on speech errors will be reviewed shortly in
the following paragraph.

Speech errors, also called slips of the tongue, have been collected
and described since the end of the 19th century (Meringer andMayer,
1895; Freud, 1901). In the 1970s, the study of speech errors gained
increased attention and was used for developing many language
production models (e.g., Dell, 1986; Fromkin, 1971; Garrett, 1975;
Levelt, 1989; Stemberger, 1985). Since the mere description of speech
errors largely depends on the listener's perception, researchers started
to develop experimental techniques for the elicitation of speech errors,
mostly at the single word-level (e.g., Baars, 1980; Dell and Repka, 1992;
Motley and Baars, 1976). Levelt (1983), Martin et al. (1989) and Van
Wijk and Kempen (1987) provoked speech errors at text level using
picture description tasks. Other methods are fast response deadlines to
increase the number of errors in picture naming (Hearst et al., 2008;
Moses et al., 2004) or word-picture-interference (Abel et al., 2009a,b).

A different approach, the so called taboo-paradigm (Meffert
et al., 2011), has recently been developed by our own group, eliciting
word-finding difficulties and speech errors in healthy speakers while
producing longer units of coherent language. The participants described
pictures of complex scenarios, but were at the same time given specific
words they were not allowed to use. Since thesewords were central for
the description of the respective picture (e.g. the word “tram”, when a
scene at a station was to be described), we could indeed provoke
hesitation phenomena like pauses and interjections as well as self-
repairs (Meffert et al., 2011).

For the analysis of spontaneous language a likewise newly devel-
oped schema was used (Tillmanns et al., 2011), which considers
different aspects of unimpaired and impaired spontaneous languages
and allows for comparison of a variety of linguistic phenomena
assigned to different conditions. The schema has already been used in
a single case study with an aphasic participant (Tillmanns et al., 2011)
and will be described in more detail in the Materials and methods
section.

Aim

In sum, neuroimaging studies have shown correlates of many
aspects of singleword production and its breakdown. The present study
was now designed to disentangle different processes of continuous
spontaneous language production segregating a spontaneous language
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transcript into different categories of events (cf. Tillmanns et al., 2011).
The principal objective of the study is to detect activation patterns
specific for word-finding difficulties and syntactically incomplete utter-
ances in an overt picture description task. Although, there has been no
comparable study so far, the literature on single word processing
permits some expectations concerning possible activation patterns to
be expected. Unimpaired passages of the speech sample are expected
to be correlated with activations of the well-known predominantly
left-hemisphere language network (e.g. Vigneau et al., 2006, 2011).
Successful lexical retrieval at the end of a word-finding difficulty is
assumed to recruit largely the same areas as unimpaired language (cf.
Tillmanns et al., 2011), especially with respect to middle and superior
temporal as well as inferior frontal areas. The effect of syntactic
completeness is supposed to be supported by the left IFG (Indefrey
et al., 2004).
Materials and methods

Participants

22 adults with no history of neurological or psychiatric diseases
participated in the study. They were all native German speakers and
had normal or corrected-to-normal vision. The data of four partici-
pants could not be analysed, due to technical problems with either
speech recording or fMRI, so that the final sample consisted of 18
participants (mean age 46.7 years; range 29–68 years, 10 women).
Handedness was assessed by the Edinburgh Handedness Inventory
(Oldfield, 1971). All participants were right handed with a laterality
quotient of at least 60%, all but one of at least 80 and 12 out of the
18 participants of 100%. Informed consent was obtained from all
participants. The study was approved by the ethics committee of
the Medical Faculty of the RWTH Aachen University (reference no. EK
040/47).
Fig. 1. Example of a complex scene used for the picture desc
Materials

Nine black-and-white line drawings were used for spontaneous
language elicitation. Each picture shows a complex scene with many
persons, objects and actions (e.g. a car accident, see Fig. 1 for an
example and Meffert et al. (2011) for an overview of all pictures).
The pictures had been explicitly been drawn for the study and were
controlled for the number of main propositions. A discriminant
analysis showed no significant differences in linguistic parameters
(absolute number of items, of words, of open class words and of clause-
like units, proportion of open classwords on all words, andmean length
of utterances) between the nine stimulus pictures in a pilot study (cf.
Meffert et al., 2011, for details). Furthermore, none of the parameters
discriminated significantly between the pictures, and a repeated mea-
sures ANOVA yielded no significant differences between the pictures
for any of the parameters (Meffert et al., 2011).

In a pilot study the most frequently used words were identified for
each picture. Words like see, think and believe were not considered,
since they serve introductory purposes and are not used with regard
to content (see Meffert et al., 2011 for a detailed description of the
procedure). The five most frequently used content words were then
determined as words to be avoided and displayed on the picture
stimuli (cf. Fig. 1). This method had shown to be applicable for eliciting
descriptions of about 3-minute length and provoking erroneous spon-
taneous language (Meffert et al., 2011).

Procedure

The pictures were presented to the participants via goggles
(VisuaStimTM, Resonance Technology Inc., CA, USA). Stimulus presen-
tation was controlled by a computer placed in the control room using
Presentation 11.0 software (Neurobehavioral Systems, Albany, CA,
USA). Each picture was shown for 3 min, followed by a blank screen for
55 s and a fixation cross for 5 s directing the participants' attention to
ription task with words not allowed for the description.
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the next picture.2 The participants were asked to describe the pictures
while avoiding the corresponding words given above the picture and
also words that had the same word stem or were compound nouns
comprising the respective word. There was no instruction on what to
do instead. Before scanning, one practice item not used in the later
task was presented, and feedback was given as to the violation of
the word avoidance rule and the way of description. The participants
were encouraged to go into the details of the pictures and to make
assumptions about what was happening on the pictures. With this
instruction, we aimed at preventing simplified deictic descriptions like
There is a man in a car. There is a lady taking photos. There is a dog playing
with a ball and at eliciting more elaborate utterances.

Language production was recorded using a unidirectional micro-
phone made for this purpose and Adobe Audition 1.5 running on a
laptop computer.

fMRI data acquisition

fMRI data were recorded at 3 T (Philips Achieva 3.0 T X-series)
with a Philips SENSE Head Coil (8 elements) from 42 sagittal slices
using a fast-field-echo gradient EPI sequence with echo time=
30 ms, flip angle=90°, repetition time (TR)=4 s, field of view=
240 mm, in-plane resolution=3.75 mm×3.75 mm, slice thickness=
3.75 mm, and no interslice gap. Structural T1-weighted MP-RAGE
images (resolution 1 mm×1 mm×1mm, FOV=256 mm, TR=1 s.,
TE=4.6 ms, flip angle=8°) were also recorded.

Transcription and analysis of spontaneous speech

Since in certain speech samples the subjects' voices were hardly
audible above the sound emitted by the scanner, an automated post-
hoc Noise Cancellation Tool (Cusack, et al., 2005) has been applied
in order to subtract the scanner noise away from the recordings.
Subsequently, the speech files were transcribed by using ASPA
(Aachener Sprachanalyse, Huber et al., 2005). The transcripts were
then further analysed with regard to spontaneous language phenomena
like word-finding difficulties using an evaluation schema especially
developed for this purpose (cf. Tillmanns et al., 2011). The whole
transcript comprising the description of all nine pictures was segmented
into events of 1 s each, based on the fact that the average single word
production process takes approximately 600 ms (Indefrey and Levelt,
2004; for a successful application of this method cf. Tillmanns et al.,
2011). Each event was assigned to one condition of the schema. This
schema comprises different spontaneous language symptoms on several
linguistic levels and allows for comparison of different contrasts (cf.
Table 1):

• First, impaired and unimpaired languages are distinguished (IMP,
UNIMP).

• Impaired language appears either with or without obvious monitor-
ing processes like pauses, interjections, self corrections or comments
(e.g. how is that thing called) (+M,−M).

• Impaired language contains symptoms, which are either solved
successfully or which remain unsuccessful (+S, −S). With regard
to word-finding difficulties, successful means that the target item
can be retrieved at the end of a search period or that a speech error
is successfully corrected.

• Occurrence of symptoms is characterised as either inside a clause-
like unit (CLU) or in between CLUs (INTRA, INTER). A CLU is defined
2 This procedure was adopted from the study by Tillmanns et al. (2011) who
investigated an aphasic patient. For this patient, a 1-minute resting period between the
pictures was a prerequisite for successful continuation of the next picture and for
successful completion of the entire stimulus set. Using a 1-minute resting block thus
maximises comparability between the present study and the Tillmanns et al. (2011)
study.
as a syntactically and/or prosodically marked part of speech refer-
ring to a proposition, containing one verb at most (Grande et al.,
2008).

• In addition, symptoms can be assigned to different categories con-
sidering different linguistic levels (sublexical,3 lexical, morpholog-
ical, syntactic) and symptoms (fragments, incomplete utterances,
formulaic language), of which only two are relevant for the present
study. The category “lexical” comprises word-finding difficulties
and semantic substitutions, while all those CLUs are marked as
“incomplete”, which do not fulfil the criterion for complete CLUs,
namely that a verb and all its obligatory arguments are given
(Grande et al., 2008). Criteria for word-finding difficulties were
either pauses of 2 s minimum, at least two interjections (e.g., eh) or
a short pause (1–2 s) and one interjection.

• All passages of the transcript which were unintelligible, ambiguous
or contained mixed symptoms were assigned to the category
“others”.

• The resting baseline contained the periods between the pictures,
during which the participants saw a white screen.

This schema allows for classification of the whole speech sample.
It is possible to compare different conditions (e.g. successfully solved
word-finding difficulties in contrast to unimpaired language) or to
summarise all conditions belonging to one linguistic level (e.g. all
lexical symptoms) or to one particular category (e.g. all successfully
solved symptoms) and to subsequently compare them to one another
or to unimpaired language.

The onsets of the events were defined via the offsets, i.e. first the
end of a symptom was identified and then the onset was marked 1 s
earlier. This shall be explained in more detail using the example of
a word-finding difficulty resulting in correct lexical retrieval. If a
word-finding difficulty can be identified after a period of unimpaired
language and subsequently the correct target can be produced (e.g.,
“the woman is standing on a… eh moving staircase”), the end of the
last word of the unimpaired segment (“a”) constitutes the offset for
the condition “unimpaired language” and the beginning of the correct
word (“moving staircase”) the offset for the condition “successfully
solved word-finding difficulty”. The events in between are assigned to
the category “unsuccessful word-finding difficulty”, since the correct
word has not yet been retrieved.

While the duration of all events of the experimental conditions
was 1 s, all resting phases (white screen) were divided into two
blocks of “rest” with a duration of 25 s each, serving as a low-level
baseline.

Inter-rater reliability

To determine inter-rater-reliability, the description of the first
picture of each participant was transcribed by two researchers.
Differences were documented and a consensus was found. After-
wards, both researchers analysed the adjusted transcript according to
the schema. Again, different ratings were recorded and subsequently
solved. Inter-rater-reliability was calculated using Krippendorff's alpha
(Krippendorff, 2004; Hayes and Krippendorff, 2007). Inter-rater-
reliability for transcription was high (α≥0.800, Krippendorff, 2004:
241) for number of words, interjections, open class words, clause-like
units (CLUs, see below for a definition) and pauses between 2 and 5 s
and acceptable (α≥0.667, Krippendorff, 2004: 241) for short pauses
and syntactic completeness (see Table 2 for detailed inter-rater-
reliability results).

Inter-rater reliabilitymeasured byKrippendorff's alpha (Krippendorff,
2004; Hayes and Krippendorff, 2007) was high (α≥0.800, Krippendorff,
2004: 241) for the categories successfully solved word-finding difficulties,
3 Sublexical errors include phonetic as well as phonological errors, since a clear-cut
classification is not possible in spontaneous language.



Table 1
Schema for classification of events.

Level of
description

1 2 3 4 5

IMP/UNIMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP IMP UNIMP Other
Monitoring +M +M +M +M +M +M +M +M +M +M −M −M −M −M −M −M
Success +S +S +S +S −S −S −S −S −S −S −S −S −S −S −S
Position INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTRA INTER
LING. CAT. SUBL LEX MOR SYN SUBL LEX MOR INCPL SYN FRAG SUBL LEX MOR INCPL SYN FORM

IMP = impaired, UNIMP = unimpaired, LING. CAT. = linguistic category, M = monitoring, S = success, INTRA = inside clause-like units, INTER = in between clause-like units,
SUBL = sublexical, LEX = lexical, MOR = morphological, SYN = syntactic, INCPL = incomplete, FRAGM = fragment, FORM = formulaic utterance.
Categories reported in the Results section are framed: 1) successfully solved word-finding disorders; 2) unsuccessful word-finding disorders; 3) incomplete CLUs; 4) hesitation
phenomena in between CLUs; 5) unimpaired language.

706 M. Grande et al. / NeuroImage 61 (2012) 702–714
incomplete utterances, hesitation phenomena in between CLUs, and
unimpaired language and marginally below the recommended α≥0.667
(Krippendorff, 2004: 241) for the category unsolved word-finding
difficulties (α=0.664). Inter-rater-reliability for offsets was 98.94%
agreement between the two raters. The detailed inter-rater-reliability
data are displayed in Table 2.

fMRI data analysis

Data analysis was performed using SPM5 (Wellcome Department
of Cognitive Neurology, UK) running on MATLAB 7.2 (The Mathworks
Inc., Natick, USA) in combination with the SPM Anatomy Toolbox
(Eickhoff et al., 2005) for the localisation of effects. Pre-processing
involved the standard procedures of realignment to the mean image
of the EPI time series using the Realing andUnwarp procedure provided
in SPM5 in order to compensate for non-linear signal distortions
potentially induced by head motion, normalisation to the EPI template,
spatial smoothing using a Gaussian kernel of 8 mm FWHM, and a high
pass filter of 1/128 Hz. The average head movement during scanning
was very small, below the size of 1 voxel. Translation parameters
(mean±standard error of mean) along the three axes x,y,z were:
x: 0.31 mm±0.15 mm; y: 0.20 mm±0.14 mm; and z: 0.69 mm±
0.60 mm. Rotation along these axes was: pitch: 0.007°±0.006°; roll:
−0.012°±0.003°; yaw: −0.002°±0.003° (for comparable data from
a single word production study testing different head fixation methods
cf. Heim et al., 2006a). Additional correction ofmovement artefacts was
therefore not necessary and nomovement parameters were included in
the model.

At the first (single subject) level, only conditions with at least 15
eventswere considered for statistical analysis. Thesewere the following:

• Unimpaired language
• Successfully solved word-finding difficulties
Table 2
Inter-rater-reliability for transcription and classification of events.

Variable Krippendorff's alpha

Transcription
Number of words 0.9991
Number of open class words 0.9396
Number of clause-like units 0.9755
Number of interjections 0.9769
short pauses 0.7830
mean pauses 0.8268
Syntactic Completeness 0.7556

Classification of events
Successfully solved word-finding difficulties 0.9051
Unsolved word-finding difficulties 0.6637
Incomplete utterances 0.9199
Hesitation phenomena in between CLUs 0.9870
Unimpaired Language 0.9610

CLU = clause-like unit.
• Unsuccessful word-finding difficulties
• Hesitation phenomena in between CLUs
• Incomplete CLUs.

The delta-function (duration=0, i.e. stick function) of the stimulus
onsets for each condition was convolved with the canonical haemody-
namic response function and its temporal derivative to account for
minor latency differences (Friston et al., 1998). Each condition was
contrasted against the resting baseline, for which the silent periods
between the stimulus pictures were used (mini-blocks, duration 25 s;
for the advantage of using short blocks in the range of 20 s cf. Maus
et al., 2010).

The resulting contrast images were entered at the second (group)
level into a random-effects repeated-measures analysis. Specific effects
were tested as linear T-contrasts:

1. Normal language network: unimpaired language vs. baseline
2. Conceptual planning: hesitation phenomena in between CLUs vs.

unimpaired language (and vice versa)
3. Lexical search: unsuccessful word-finding difficulties vs. unimpaired

language (and vice versa)
4. Successful lexical retrieval: successfully solved word-finding difficul-

ties vs. unimpaired language (and vice versa)
5. Effect of success in lexical search: successful vs. unsuccessful lexical

search (and vice versa)
6. Conceptual planning vs. lexical search: hesitation phenomena in

between CLUs vs. unsuccessful word-finding difficulties vs. (and vice
versa)

7. Syntactic completeness: unimpaired language (i.e., complete CLUs)
vs. incomplete CLUs (and vice versa).

Results

Behavioural data: occurrence of symptoms

More than 19,000 events of unimpaired and approximately 7500
events of impaired language could be included into the analysis (i.e.
on averagemore than 1000 events of impaired and 400 of unimpaired
language per participant). The largest category among the impaired
language was hesitation phenomena in between CLUs, followed by
Table 3
Behavioural data: number of events.

Unimpaired
language

Successfully
solved
word-finding
disorders

Unsuccessful
word-finding
disorders

Hesitation
phenomena
in between
CLUs

Incomplete
CLUs

Sum 19,608.0 1573.0 1192.0 3945.0 777.0
Mean 1089.3 87.4 66.2 219.2 43.2
SD 178.3 67.0 40.0 132.6 32.7
Min 650.0 15.0 12.0 25.0 6.0
Max 1433.0 258.0 179.0 503.0 112.0

CLU= clause-like unit; SD = standard deviation; Min =minimum; Max=maximum.



Table 4
Normal language network, reported at P=.05FWE, extent threshold k≥40 voxels. The coordinates (x,y,z) refer to anatomical MNI space. Abbreviations: L left; R right; Tmax

maximum T value in the anatomical structure.
Reference to cytoarchitectonic probability maps: 1Amunts et al. (1999); 2Geyer (2003); 3Geyer et al. (1996); 4Morosan et al. (2001); 5Caspers et al. (2006); 6Eickhoff et al. (2006a,b);
7Scheperjans et al. (2008); 8Grefkes et al. (2001); 9Amunts et al. (2000); 10Amunts et al. (2005); 11Geyer et al. (1999, 2000); and 12Choi et al. (2006).

MNI coordinates

Local maximum in macroanatomical
structure

Cluster size (voxels) x y z Tmax Percent overlap of cluster with
cytoarchitectonical areas

BAcyto

Unimpaired language>baseline
R middle occipital gyrus 2205 34 −72 18 9.37
L postcentral gyrus 1653 −54 −8 26 7.76 16.7 Area 441

R precentral gyrus 1297 44 −10 36 9.59 13.2 Area 62

10.9 Area 4p3

L middle occipital gyrus 616 −26 −86 10 8.00
L fusiform gyrus 116 −28 −48 −18 6.30
R superior temporal gyrus 54 50 −30 6 5.67 11.8 TE 1.14

L SMA 49 0 8 54 6.27 64.8 Area 62

30.4 Area 62

Baseline>unimpaired language
L mid orbital gyrus 1226 −4 36 −12 9.52
L middle cingulate cortex 483 0 −32 38 7.77
Left angular gyrus 164 −48 −62 36 7.46 73.5 Left IPC (PGa)5

21.3 Left IPC (PGp)5

L caudate nucleus 144 −16 22 −4 6.53
R middle frontal gyrus 40 38 40 6 6.01
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successfully solved word-finding difficulties. All means and additional
statistical values can be found in Table 3.

Functional imaging data

All results will be reported at a significance threshold of Pb0.001
at a cluster extent threshold of k≥40 voxels.4

Normal language network

The comparison of all events classified as unimpaired language
with the resting baseline showed a large bilateral network of
activation (Table 4, Fig. 2A). Four large clusters were found, one
posterior and one anterior in each hemisphere. The posterior clusters
ranged from occipital (areas 17 and 18, V3, V4 and V5) to posterior
temporo-parietal regions (superior parietal lobule (SPL), area 7), the
anterior comprises frontal areas (including the pre- and postcentral
gyri (areas 3, 4, and 6) and the IFG (bilateral area 44 and left area 45)
of both hemispheres) and extended to the anterior part of the STG.
Additional activation could be found in mesial areas around the
supplementary motor area (SMA) and in the cerebellum.

The reverse contrast showed two large mesial activation clusters
around the orbital and cingulate cortex. In addition, activation was
observed in the left inferior parietal cortex (supramarginal gyrus,
angular gyrus, areas 39 and 40), the left postcentral gyrus (areas 2
and 3), the left basal ganglia (nucleus caudatus), the left frontal
cortex (superior frontal gyrus (SFG), precentral gyrus, areas 4 and 6),
as well as in the right inferior parietal cortex (angular gyrus, area 40)
and the right MFG.

Conceptual planning

Contrasting all events related to symptoms in between CLUs with
unimpaired language reveals predominantly bilateral posterior superior
parietal activation including the angular gyrus and the precuneus,
extending into the right precuneus (Table 5, Fig. 2C). The reverse
4 In order to appreciate the robustness of the results, note that clusters of 200 or
more voxels yield results at Pb0.05 (cluster-level FWE corrected), while voxels with a t
value of 4.99 and higher yield results at Pb0.05 (voxel-level FWE corrected).
contrast shows a large left hemisphere perisylvian cluster including
postcentral, inferior parietal and superior temporal areas. A similar, but
significantly smaller cluster appears in the right hemisphere. Additional
activation can be observed in the cingulate cortex, the right angular
gyrus and the left IFG (area 44).

Lexical search

The comparison of all events assigned to the category of unsuccess-
ful word-finding difficulties with unimpaired language showed no
significant activation. The reverse contrast yielded two large clusters
(Table 6), one in the left hemisphere ranging from the precentral (areas
4 and 6) and postcentral gyri (areas 1 and 3) through the STG to the
temporo-parieto-occipital junction, and one in the right hemisphere
including the precuneus, the occipital cortex (areas 17 and 18) as well as
the precentral (areas 4 and 6) and postcentral gyri (area 2). Activation
was also found in the bilateral frontal cortex (IFG (left area 44, right
area 45), right MFG, left SFG (area 6)) the left parietal cortex (area 7),
the middle cingulate cortex and the basal ganglia (left putamen, right
thalamus).

Successful lexical retrieval

The comparison of successfully solvedword-finding difficultieswith
unimpaired language revealed only little activation, which centred on
the left hippocampus (Table 7). The reverse contrast shows primarily
bilateral occipito-temporal activation (left precuneus, fusiform gyrus
and middle temporal gyrus (MTG), bilateral middle occipital gyrus and
calcarine gyrus, areas 17 and 18).

Success of lexical search

The effect of successful lexical retrieval, i.e. the contrast between
successfully solved and unsuccessful search episodes is related to a
large activation cluster in the left hemisphere around the superior
and middle temporal and adjacent inferior parietal cortex as well as
smaller clusters in the left SFG (area 6), the left SMA, the left MTG,
the left fusiform gyrus, the left inferior parietal lobule (IPL), the left
parieto-temporo-occipital junction, the right superior and middle
temporal and angular gyrus and the right SMA (Table 8, Fig. 2D). The
reverse contrast did not show significant activation.



Fig. 2. Brain activation during the spontaneous language task at Pb .05FWE (A) /Pb .001uncorr (B–D) and extent threshold k≥40 voxels. Bar charts show corresponding beta estimates
for the respective brain region.
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Conceptual planning vs. lexical search

The comparison of symptoms in between CLUs (mainly pauses
and interjections) with unsuccessful word-finding difficulties, i.e.
roughly the same symptoms inside CLUs, shows a large activation
cluster around the right posterior parietal and temporal cortices
extending into the left posterior superior parietal lobulus (Table 9,
Fig. 2C). Smaller clusters can be observed in the left middle occipital
and adjacent posterior temporal cortex and in the right IFG, including
areas 44 and 45.

image of Fig.�2


Table 5
Brain activation during conceptual planning, reported at P=.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

Unimpaired language>hesitation phenomena in between CLUs
L middle temporal gyrus 8029 −44 −42 10 8.37
R rolandic operculum 2686 52 4 8 5.39 10.5 OP 16

R middle cingulate cortex 221 4 −14 48 4.70 43.7 Area 6 (R)2

27.9 Area 6 (L)2

11.6 Area 4a (R)3

R anterior cingulate cortex 181 4 50 22 4.12
R precentral gyrus 81 48 −8 50 3.99 90.9 Area 62

L inferior frontal gyrus 67 −40 12 16 4.23
R supplementary motor area 48 4 20 46 3.83
R angular gyrus 40 54 −54 24 3.94 97.2 IPC (PGa)5

Hesitation phenomena in between CLUs>unimpaired language
L precuneus 843 −10 −76 42 5.25 26.4 SPL (7A)7

16.0 SPL (7P)7

R precuneus 413 18 −60 30 5.18
L posterior cingulate cortex 125 −8 −42 10 4.26
L angular gyrus 48 −34 −64 42 3.71

Table 6
Brain activation during lexical search, reported at P=.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

Unimpaired language>unsuccessful word-finding disorders
R precuneus 9717 10 −50 22 7.08

Cluster extends into L precuneus
L superior temporal gyrus 5387 −56 −14 2 6.92
R middle frontal gyrus 457 32 18 56 4.77
R superior temporal gyrus 370 62 −10 0 5.02 14.7 TE 1.04

L putamen 351 −22 14 −6 6.20
R inferior frontal gyrus 134 38 34 12 4.49
L superior frontal gyrus 132 −18 18 56 4.65
L superior parietal lobule 122 −18 −76 44 3.72 11.7 SPL (7P)7

R superior frontal gyrus 113 26 2 62 4.73
L inferior frontal gyrus 100 −40 18 32 4.05 14.3 Area 441

R putamen 83 26 14 −2 5.25
R middle cingulate cortex 79 10 −4 34 4.26
L inferior parietal lobule 75 −50 −36 50 3.84 48.7 IPC (PF)5

43.2 Area 28

R thalamus 62 14 −20 0 3.93
R precentral gyrus 46 50 6 48 4.20

Unsuccessful word-finding disorders>unimpaired language
n.s.

Table 7
Brain activation during successful lexical retrieval, reported at P=.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

Unimpaired language>successfully solved word-finding disorders
R middle occipital gyrus 309 42 −72 18 4.91 21.2 IPC (PGp)5

L middle occipital gyrus 149 −32 −82 10 4.62 28.9 Area 179

R calcarine gyrus 128 18 −60 6 3.89 62.5 Area 179

L precuneus 114 −6 −46 44 4.10
L calcarine gyrus 54 −10 −72 22 4.15 11.8 Area 189

L middle temporal gyrus 48 −56 −64 6 3.59
R middle temporal gyrus 41 44 −48 10 4.03

Successfully solved word-finding disorders>unimpaired language
Cluster extends into R hippocampus 116 16 −44 14 4.34
L hippocampus 66 −18 −42 10 5.03 22.0 Hipp (CA)10

709M. Grande et al. / NeuroImage 61 (2012) 702–714



Table 8
Effect of success in lexical search and retrieval, reported at P=.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

Successfully solved word-finding disorders>unsuccessful word-finding disorders
L middle temporal gyrus 1731 −56 −16 0 6.72 13.2 OP 46

R precuneus 1665 12 −50 20 6.07
R superior frontal gyrus 804 24 2 60 4.60 75.2 Area 62

L supplementary motor area 407 −16 −8 50 4.62 56.9 Area 62

R supramarginal gyrus 326 46 −32 26 4.36 18.5 IPC (PFcm)5

16.6 Area 3a11

11.5 Area 3b11

L postcentral gyrus 254 −54 −14 46 4.64 43.8 Area 111

18.1 Area 3b11

18.0 Area 62

L putamen 113 −22 14 −6 4.40
R middle occipital gyrus 110 32 −68 30 4.18
L superior frontal gyrus 106 −16 16 54 5.17
R superior temporal gyrus 106 48 −12 −4 4.47 15.3 TE 1.04

R angular gyrus 92 32 −50 38 4.64 26.6 hIP16

21.5 hIP312

L fusiform gyrus 86 −38 −24 −20 4.28 17.7 Hipp (CA)10

R inferior frontal gyrus 57 38 12 28 4.51
L inferior parietal lobule 51 −50 −38 50 3.68 48.5 IPC (PF)2

30.6 Area 28

17.2 hIP29

L middle temporal gyrus 32 −54 −42 0 3.82
R caudate nucleus 25 18 −8 18 3.51
Unsuccessful word-finding disorders>successfully solved word-finding disorders
n.s.
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Syntactic completeness

The production of incomplete in contrast to unimpaired and hence
complete utterances was related to activation in the left insula, the
right superior and medial temporal gyrus and the mesial part of the
occipital cortex (areas 17 and 18). The production of unimpaired
vs. incomplete utterances, i.e. the effect of syntactic completeness,
yielded activation in the left inferior frontal cortex (precentral gyrus,
IFG, area 44) (Table 10, Fig. 2B).

Discussion

In the present study continuous spontaneous language of healthy
speakers was elicited by a picture description task during fMRI, and
transcribed and analysed focussing on different categories of speech
errors. The main results were 1) that conceptual planning is associated
with bilateral precuneal activation, 2) that unsuccessful lexical search
can be distinguished from successful lexical retrieval by a reduced level
Table 9
Brain activation during conceptual planning in comparison to lexical search, reported at P=

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y

Hesitation phenomena in between CLUs>unsuccessful word-finding disorders
R precuneus 10,325 12 −50
R supplementary motor area 368 14 −12
L middle occipital gyrus 277 −36 −82
R inferior frontal gyrus 266 38 14
R superior frontal gyrus 85 18 18
L middle occipital gyrus 65 −40 −72
L superior parietal lobule 46 −28 −54

Unsuccessful word-finding disorders>hesitation phenomena in between CLUs
n.s.
temporal activation, and 3) that syntactically incomplete utterances can
be linked to a lack of significant involvement of left area 44 These issues
shall now be addressed in detail.
Normal language network

As expected, activation of a network usually involved in picture
naming could be shown during unimpaired continuous language
production in a complex picture description task. Since most other
imaging studies use single word tasks or at most units of 2–3
sentences, this is a remarkable confirmation of the language network
including left STG and areas 44 and 45 of the left IFG (cf. Vigneau
et al., 2006, 2011). Notably, the network observed here also involved
activations in the occipital lobe. However, these were not located in
the primary visual cortex, but rather in visual association cortices.
These findings only confirm earlier data on the involvement of these
areas in semantic processing (e.g. Binder et al., 2009) which occurs at
.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

20 7.95
68 4.78 63.9 Area 62

8 4.65 12.8 IPC (PGp)5

28 6.36
44 3.86
24 3.78 79.2 IPC (PGp)5

56 4.02 69.3 SPL (7A)7

22.6 SPL (7PC)7



Table 10
Effect of syntactic completeness, reported at P=.001uncorr, extent threshold k≥40 voxels. For further details see legend of Table 4.

MNI coordinates

Local maximum in
macroanatomical structure

Cluster size
(voxels)

x y z Tmax Percent overlap of cluster
with cytoarchitectonical areas

BAcyto

Unimpaired language>incomplete utterances
L precentral gyrus 43 −54 4 16 3.93 58.4 Area 441

Incomplete utterances>unimpaired language
R calcarine gyrus 1566 4 −62 18 5.09 29.0 Area 179

13.0 Area 189

L cuneus 233 −14 −56 20 4.07
R superior frontal gyrus 156 20 12 50 4.35 12.8 Area 62

R middle temporal gyrus 135 50 −56 10 4.10
R hippocampus 119 22 −40 −2 4.34 27.6 Hipp (SUB)10

16.8 Hipp (CA)10

R precentral gyrus 112 20 −20 56 4.37 57.6 Area 62

L Hippocampus 109 −24 −24 −4 4.17 13.1 Hipp (FD)10

L cerebellum 91 −26 −48 −20 4.34
R thalamus 51 20 −18 8 4.34
L insula lobe 51 −38 14 −8 4.18
Brain stem 49 0 −10 −10 4.27
L middle cingulate cortex 43 −2 −44 50 3.83 36.0 SPL (5 M)7
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a stage between first visual analysis and subsequent phonological
encoding.
Conceptual planning

The activation of the precuneus specifically during hesitation phe-
nomena in between CLUs can most likely be attributed to conceptual
planning. Participants have completed a CLU, and presumably they look
around the picture for the next situation to describe and simultaneously
plan the next utterance (Meyer et al., 2004). This is supported by a
number of studies concerning behavioural correlates of the precuneus
(see Cavanna and Trimble (2006) for a recent review). The precuneus is
usually linked tomotor imagery (e.g., Ogiso et al., 2000) ormore general
mental imagery (e.g., Knauff et al., 2003). Vogeley et al. (2001) and
Vogeley and Fink (2003) attribute activation of the bilateral precuneus
to perspective-taking during story processing, in particular to taking the
first-person-perspective. Whitney et al. (2009a,b) attribute an impor-
tant role to the right precuneus and posterior cingulate in connection
with updating of the mental representation of a story.

In addition, the precuneus has been shown to be part of the so-
called default-network or conscious resting state (e.g., Binder et al.,
1999), a network active e.g. during the rest conditions between
experimental tasks. The significance of these activations has been
controversially discussed. Binder et al. (1999) have argued that in
particular the activation of the precuneus during rest may be due to
internal conceptual processing in the absence of external information.
Gusnard and Raichle (2001) interpret activation related to the
default-network in terms of a continuous intake of information and
reflection on one-self and the external world.

Since in the present study all events in the category “in between
CLUs” are either interjections or pauses, it might be the case that the
activation pattern observed here points to very short phases of
something similar to the conscious resting state. However, it seems
plausible to assume that the activation of the precuneus reflects at
least partly active conceptual planning connected with imagery.
Looking at this issue from the reverse point of view, a particularly low
activation level during hesitation phenomena in between CLUs in
comparison to unimpaired language can be noticed in the left MTG.
As argued above, this area most likely reflects control processes
conducing to lexical–semantic retrieval. This supports the assumption
that these hesitation phenomena reflect conceptual planning in
contrast to actually retrieving and producing words and sentences
in the unimpaired language condition.
Lexical search and retrieval

On the other hand, during periods of unsuccessful lexical search,
i.e. hesitation phenomena within CLUs indicating word-finding
difficulties, no significant effects were found in bilateral superior/
middle temporal and right inferior parietal regions which were,
however, implicated in totally unimpaired language or successfully
solved word-finding difficulties. The left MTG has been related
especially to the storage of semantic information (cf. Binder et al.,
2009; Vigneau et al., 2006 for meta-analyses). Contrary to this view,
Whitney et al. (2011) assume that the left MTG is part of a network
responsible for semantic control. They used rTMS to evoke difficulties
in a semantic judgement task and found an effect for both left IFG and
MTG on more demanding judgements (weak semantic association),
but none on more automatic decisions (strong semantic association).
They interpret these results as a contradiction to the widespread
view that semantic knowledge is only stored in the temporal cortex
and that executive functions necessary for semantic processing are
restricted to left inferior frontal regions. They suggest that semantic
control is subserved by a much larger network, including inferior
frontal and middle temporal regions, but presumably also other
regions, e.g., in the inferior parietal lobe. The activation peak specific
for the difference between successful and unsuccessful lexical re-
trievals in the present study (Talairach−56,−16, 0) is in a noticeable
vicinity to the location for TMS in the study fromWhitney et al. (2011)
(Talairach −56, −5, 3). The task of the present study was of
high complexity, so that control demands are likely to be very high.
Activation of a cluster around the left MTG during successful in
contrast to unsuccessful lexical search may therefore reflect the
executive control necessary to successfully select a semantic concept
and retrieve the corresponding lexical entry. This is in line with
Kircher et al. (2000, 2004), who stress the role of the left superior
temporal cortex for lexical retrieval specifically in connected speech in
contrast to single word production. Using continuous language fMRI
paradigms they found activation of the left STG to be positively
correlated with articulation rate (Kircher et al., 2000) andwith pauses
especially within utterances (Kircher et al., 2004).

In addition to semantic access the left STG is supposed to be
responsible for phonological processing. Graves et al. (2008) report
decreasing activation of the left posterior superior temporal gyrus
(pSTG) for repeated production of pseudowords, which is interpreted
as an increasingly efficient access to phonological word forms. This
offers an interesting explanation for the finding that no significant
involvement of the left pSTG can be observed when lexical search is
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unsuccessful and hence inefficient. It might be the case that hesitation
phenomena on the surface point to inefficient lexical and/or pho-
nological access and that the retrieval of the word form sought after is
correlated with activation of the left middle and superior temporal
gyrus.

In the present study, lexical selection is determined by the picture to
be described (and thus, language production not entirely spontaneous),
but in contrast to a single word naming task, the participant has
several options of building a sentence and hence of lexical selection. The
picture description task used in this experiment requires avoidance of
given words, but beyond that admits a multitude of different ways to
respond, e.g. by using an alternativeword or a circumscription, and thus
enhances free association. At the same time the rule and thewords to be
avoided are kept in mind so that successful lexical retrieval in this
paradigm requires additional mnemonic load.

Syntactic completeness

The impact of syntactic completeness on the activation of the left
inferior gyrus (area 44) confirms its role in syntactic processing
shown in a large range of studies in single word or (single) sentence
processing (e.g., Indefrey et al., 2004), but so far never in a long
sample of connected speech. Fig. 2B shows that area 44 in the left IFG
is activated during the production of incomplete utterances as well,
but to a significantly lower degree than during complete utterances.
Area 44 has been associated with receptive and expressive syntactic
processing in many studies, in particular with processing syntactically
more difficult sentence types like complex or non-canonical sentences
(e.g., Ben-Shachar et al., 2003; Friederici et al., 2006), even when verbal
memory demands are controlled for (Ben-Shachar et al., 2004). The
effect of syntactic completeness has so far not been subject to a
neuroimaging study, but since complexity and completeness are both
syntactic constructs and thus likely to be related, the effect of syntactic
completeness in area 44 is in line with the previous findings cited
above. Activation of the left area 44 has in this study also been found
when contrasting unimpaired language with conceptual planning.
Following the model of Levelt (2001), conceptual planning and
syntactic encoding are independent processes in language production.
Since unimpaired language contains the actual production of complete
sentences in contrast to conceptually planning them, activation of area
44 is likely to also reflect syntactic operations here.

Methodological issues

In sum, the present study has shown different aspects of lexical
and sentence processing using a newly developed method for
provoking and analysing search phenomena. Meffert et al. (2011)
have already shown the method of a picture description task with
particular words not allowed to use to induce trouble-indicating
behaviour in an offline task. This could be replicated in the present
fMRI study, showing that the production of hesitation phenomena
and incomplete utterances can be enhanced by this method to have a
corpus large enough for event-related analysis. Two methodological
limitations have to be noted. First, language production elicited by a
picture description task is not completely spontaneous, but evokes
mainly a restricted set of vocabulary. Second, themethod of prohibiting
the use of specific words is an even less natural task and thus involves
additional cognitive processes. Therefore, the errors and hesitation
phenomena are not completely comparable to those in natural con-
versation. In the study of Meffert et al. (2011), however, only a minor
part of the errors and hesitations could be directly linked to the
avoidance of one of the given words. Instead, a significantly larger
amount of trouble-indicating behaviour occurred independent of the
words to be avoided.

The event-related analysis of the fMRI data offered the possibility
to investigate neurofunctional mechanisms of spontaneous language
in a specific and reliable way. The results thus permit new insight
into brain functions during natural language production and the
development of further hypotheses.

Further application of the presented method could show neural
correlates of other phenomena or symptoms occurring during lan-
guage production. The particular paradigm was necessary to increase
the number of word-finding difficulties in healthy speakers. By this
means, the results of the present study can be contrasted to those of
other populations, e.g. aphasic patients. The next step could therefore
be the application of the analysis and fMRI method to aphasia. It will
be of particular interest here to investigate patients with lesions in
brain regions relevant for lexical and syntactical processing in this
study. As a further improvement, a TR of no integer number (e.g. 3.7 s
instead of 4 s or 3 s) might be applied in order to achieve data
acquisition asynchronous to the onsets of the events, thus effecting an
indirect jitter which may improve modelling of the hemodynamic
response function (e.g. Heim et al., 2006b).

Conclusion

The analysis of spontaneous language elicited during fMRI with
respect to lexical and syntactic error categories has shown two main
results: First, the method of error categorisation and correlation with
brain activation works. Second, activation patterns of specific lan-
guage processes, which had so far only been reported for single word
or single sentence processing, could be shown in a continuous lan-
guage fMRI paradigm and therefore for the first time in a natural
context. This regards inter alia the involvement of the bilateral
precuneus in conceptual planning, the association of left temporal
activation with successful lexical retrieval and the effect of syntactic
completeness in the left IFG.

Further studies using the same method, will be able to show
similarities and differences in brain activation between artificially
induced linguistic phenomena and genuine pathological symptoms,
e.g. in aphasic patients. A comparison of different languages, especially
in multilingual participants, could furthermore permit valuable insight
into similarities and differences between first and second language
acquisitions as well as the mechanisms of language switching (cf. Price
et al., 1999). Spontaneous language, however, could be shown to be not
only an important issue of daily communication, but also a task worth
investigating with neuroimaging methods.
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