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Appraisal level
ional stimuli, low- and high-level appraisal processes have been found to engage
different neural structures. Beyond emotional facial expression, emotional prosody is an important auditory
cue for social interaction. Neuroimaging studies have proposed a network for emotional prosody processing
that involves a right temporal input region and explicit evaluation in bilateral prefrontal areas. However, the
comparison of different appraisal levels has so far relied upon using linguistic instructions during low-level
processing, which might confound effects of processing level and linguistic task. In order to circumvent this
problem, we examined processing of emotional prosody in meaningless speech during gender labelling
(implicit, low-level appraisal) and emotion labelling (explicit, high-level appraisal). While bilateral amygdala,
left superior temporal sulcus and right parietal areas showed stronger blood oxygen level-dependent (BOLD)
responses during implicit processing, areas with stronger BOLD responses during explicit processing included
the left inferior frontal gyrus, bilateral parietal, anterior cingulate and supplemental motor cortex. Emotional
versus neutral prosody evoked BOLD responses in right superior temporal gyrus, bilateral anterior cingulate,
left inferior frontal gyrus, insula and bilateral putamen. Basal ganglia and right anterior cingulate responses to
emotional versus neutral prosodywere particularly pronounced during explicit processing. These results are in
line with an amygdala-prefrontal-cingulate network controlling different appraisal levels, and suggest a
specific role of the left inferior frontal gyrus in explicit evaluation of emotional prosody. In addition to brain
areas commonly related to prosody processing, our results suggest specific functions of anterior cingulate and
basal ganglia in detecting emotional prosody, particularly when explicit identification is necessary.

© 2008 Elsevier Inc. All rights reserved.
Introduction

In social interaction, another person's feelings are usually
evaluated in an incidental manner. Sometimes, for example
when quickly scanning a crowd of people, this might even be
accomplished without conscious awareness of the individual
stimuli that are being appraised. The results of this appraisal
often come to one's mind only when they bear special
relevance (Sander et al., 2003). On the other hand, attention
can be directed in a way that allows explicit appraisal of
another's feelings right away. Appraisal theories have there-
euroimaging, 12 Queen Square,
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fore distinguished different levels of appraisal processing:
low-level appraisal, which is thought to be automatic and pre-
attentive, schematic level and high-level appraisal, which is
controlled and requires more cognitive resources (Leventhal
and Scherer, 1987).

A number of neuroimaging studies have investigated neural
networks involved in visual processing of facial affective cues. It
was consistently shown that the relevant neural structures
depend strongly on task instruction, and thus on the required
level of appraisal processing. While facial emotion cues activate
the amygdala, even when they are not consciously perceived
(Killgore and Yurgelun-Todd, 2004; Whalen et al., 1998, 2004),
this activity is less pronounced the more explicit the experi-
mental instructions become. It should benotedhere that explicit
and implicit are terms in the context of a particular experimental
design and can refer to different task instructions across
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different studies. Thus, on different levels of cognitive demand,
it was shown that amygdala activity is stronger for perceptual
matching (implicit) than facial expression labelling (explicit)
(Hariri et al., 2000), for gender labelling (implicit) than for facial
expression labelling (explicit) (Critchley et al., 2000), and using
non-facial stimuli, stronger for perceptual matching (implicit)
than for labelling of picture type (naturalistic vs. artificial, ex-
plicit) (Hariri et al., 2003). On the other hand, anterior cingulate
and prefrontal responses in these studieswere stronger inmore
explicit compared to the implicit tasks, which has led to the
formulation of a prefrontal-amygdala network where the
prefrontal cortex exerts a top-down regulatory function over
the amygdala (Hariri et al., 2003).

Beyond facial affect in the visual domain, affective prosody in
the auditory domain is an important cue for inferring what
another person feels (Grandjean et al., 2006). While different
appraisal levels have been directly compared for processing
facial affect, our knowledge regarding affective prosody is more
limited. Neuroimaging studies of affective prosody investigated
appraisal levels independently by examining (a) labelling of
emotion-irrelevant cues, e.g. gender, in emotional versus
neutral prosody (Grandjean et al., 2005; Sander et al., 2005),
and (b) explicit labelling of emotional versus neutral prosody
(Kotz et al., 2003), or explicit labelling of emotional prosody
versus explicit labelling of emotional semantic content (Ethofer
et al., 2006a,b). While different results between these types of
studiesmight in part be related to different task instruction and
appraisal level, they also used different stimulus sets, ranging
from filtered speech without semantic content (Kotz et al.,
2003), nonsense syllables (Grandjean et al., 2005; Sander et al.,
2005), to verbal stimuli with semantic content (Ethofer et al.,
2006a,b; Kotz et al., 2003).

By varying task instruction, a number of studies also
implied different appraisal levels (Wambacq et al., 2004) and
(c) directly compared explicit labelling of emotional prosody
with semantic or phonetic labelling of the same stimulus
(Buchanan et al., 2000; George et al., 1996; Wildgruber et al.,
2004, 2005). While those studies found converging evidence
for brain areas involved in explicit processing of emotional
prosody versus linguistic tasks, this task design might be
problematic insofar as speech-related networks are likely to be
activated differently by linguistic and emotional prosody ins-
tructions. Areaswith a stronger blood oxygen level-dependent
(BOLD) signal during linguistic evaluation might therefore
reflect implicit prosodyprocessing aswell as explicit semantic/
phonetic processing (and, on the other hand, stronger signal
during explicit prosody processingmight just aswell be caused
by implicit linguistic processing). Hence, this study design
might limit the ability to distinguish the effect of emotion
appraisal level and semantic/phonetic instruction. While this
critique might also apply to other possible task designs (in the
above cited studies on visual perception, a main effect of im-
plicit emotional cue processing cannot be disentangled from,
e.g. effects of gender decision), converging evidence from
studies using different task instructions might eventually re-
veal commonnetworks related to appraisal level rather than to
specific task instructions.

Other studies on affective prosody investigated higher
cognitive functions in prosody perception and included (d)
congruent versus incongruent semantic and prosodic infor-
mation (Mitchell et al., 2003), dichotic presentation and
manipulation of endogenous attention (Grandjean et al.,
2005; Sander et al., 2005), and audiovisual detection of
emotional cues (Dolan et al., 2001; Ethofer et al., 2006c;
Johnstone et al., 2006; Pourtois et al., 2005). Given the designs
used, these studies can hardly contribute in assessing the
effect of different appraisal levels (for a review, see Schirmer
and Kotz, 2006).

Therefore, in the present study we investigated neural
correlates of explicit and implicit processing of emotional cues
in meaningless speech, using a non-linguistic implicit task. In
addition, we aimed at assessing task×emotion interactions by
including neutral stimuli into the design. Furthermore, we
were interested in comparing appraisal level effects across two
different emotional categories, that is, anger and fear.

Although previous studies on processing of affective
prosody revealed partially inconsistent results, activity in
the inferior frontal gyrus and temporal regions emerged as a
common denominator. A hierarchical model has been pro-
posed to explain these findings, where emotionally significant
acoustic parameters are processed in the superior temporal
gyrus (STG) and sulcus (STS), and evaluative judgements take
part in the right inferior frontal and orbitofrontal gyri, while
semantic processing is carried out in the left inferior frontal
gyrus (Schirmer and Kotz, 2006). A recent dynamic causal
modelling study has found evidence for a model where right
temporal areas serve as input region for affective prosody,
while further processing is accomplished in the bilateral
inferior frontal gyrus (Ethofer et al., 2006a).

Thus, we aimed at testing a part of this model by directly
comparing explicit and implicit processing of emotional pro-
sody. We hypothesized that basic auditory features of the
stimuliwould be processed under both task instructions,while
evaluative judgements in the explicit condition would be
reflected by a BOLD response in the inferior frontal gyrus. In
addition, taking into account evidence from visual emotional
processing (Critchley et al., 2000; Hariri et al., 2000, 2003), we
hypothesized that the amygdala would show a stronger BOLD
response in the implicit, and prefrontal and cingulate areas a
stronger response in the explicit condition.

Methods

Design

The study followed a two-way ANOVA design with a factor
appraisal level/task instruction (implicit, explicit) and a factor
emotion (neutral, anger, fear).

Participants

Sixteen right-handed, healthy volunteers (eight females and
eight males; mean age±standard deviation, 26.0±3.9 years)
participated in the study. All participants confirmed that they
hadnoknownauditory impairments. Handednesswas assessed
using the Edinburgh Handedness Inventory (Oldfield, 1971;
mean laterality quotient±standard deviation, 88.9±10.1). Writ-
ten informed consent was obtained from all participants. The
study had been approved by the ethics committee of the canton
of Bern.

Stimulus material and tasks

Stimuliwere constructed as described previously (Grandjean
et al., 2005; Sander et al., 2005). In brief, from the set of Banse
and Scherer (1996), eight speakers (four female, fourmale)were
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selected, and from each speaker and each emotion, three ex-
cerptsof750ms1were cut that contained thepseudo-words “fee
gott laish”, “gosterr”, and “nyou venzy”. This procedure resulted in
24 stimuli for every emotion category anger, fear, and neutral,
summing up to 72 stimuli for thewhole experiment. All stimuli
were normalized with respect to mean sound pressure level.

In order to ensure comparable recognition of anger and fear
prosody, a pilot behavioural experiment was conducted on an
independent sample of 20 participants who performed an
emotion discrimination task on these stimuli. All individual
stimuli were recognized above chance level. Correct identifi-
cation for individual stimuli ranged from 45% to 100%. Mean
performance (±standard deviation) was 74% (±13%) for anger,
74% (±12%) for fear and 86% (±8%) for neutral prosody. In a
repeated measures ANOVA on emotion categories, there was a
significant main effect of emotion (F2, 38=8.3; pb .001). Both
emotional categories were not as well recognized as neutral
prosody (anger: F1, 19=7.5; pb .05; fear: F1, 19=11.0; pb .01), but
there was no difference in recognition between fear and anger
(F1, 19b1; n.s.). Misattribution patterns differed, with anger and
fear misattributed as neutral at a rate of 17%, or 13%, respec-
tively (|t19|=2.3; pb .05), and confused at a rate of 9% (anger
labelled as fear), or 13% (fear labelled as anger) (|t19|=2.6,
pb .05). Neutral stimuli were misattributed as angry or fearful
at a rate of 6%, or 8%, respectively (|t19|b1; n.s.). To account for
the bias towards responding neutral, an ANOVA was per-
formed on unbiased hit rates (Wagner, 1993) and confirmed
the results of the ANOVA on raw hit rates.

In the two functional magnetic resonance imaging (fMRI)
tasks, the 72 stimuli were presented in pseudo-random order,
including 24 interspersed null events without auditory
stimulation. A maximum of three similar events were pre-
sented in a row. For both experiments, the same stimuli were
used with differing order. During twelve discarded fMRI
volumes at the start of each run (36 s), three extra stimuli
were presented in order to habituate participants to the task,
followed by 18 s of silence. The experiment was programmed
in e-prime (Version 1.1.4.4, Psychology Software Tools, Pitts-
burgh, PA, USA) and run on a personal computer. Responses
were collectedwith a customized two-keydevice for index and
middle finger of the right hand using fiber optics.

In the first task (implicit appraisal), subjects were asked to
discriminate the speaker's gender and give a key response
with speed instruction (male, right index finger, female, right
middle finger). In the second task (explicit appraisal), subjects
were asked to discriminate the emotion of the speaker (anger,
right index finger, fear, right middle finger, neutral, double
click with right index finger). Instructions were given before
each task via headphones and were additionally visible during
the task using a mirror/screen system. In both tasks, ins-
truction was given to answer as quickly as possible. The order
of the two tasks was kept constant, since we assumed that
directly after explicit emotion discrimination, implicit proces-
1 A reviewer of this manuscript doubted that it was possible to create speech stimuli
of exactly equal length. This is of importance since stimulus duration might influence
BOLD responses in the right superior temporal gyrus (Wiethoff et al., 2008). The
procedure described here might indeed include silent gaps between syllables or words
and therefore cause variability in the effective duration of the stimuli. By analysing
intensity contours with three arbitrary intensity thresholds (10, 20, and 30 dB below
mean intensity across all sounds), we found a duration of (mean±standard deviation)
703±4.5 ms, 734±2.9 ms, and 744±2.4 ms. Note that the variability in duration is
about 100 times smaller than that reported in Wiethoff et al. (2008). There were no
significant differences in duration between the three emotion categories.
sing without explicit reference to the emotion category would
not be possible.

Imaging

Images were acquired on a 3 T MR-scanner (Trio, Siemens,
Erlangen, Germany). Anatomical T1-weighted volumes were
obtained with a three-dimensional magnetization-prepared
rapid acquisition gradient echo sequence (MPRAGE) at a
voxel size of 1 mm3 (repetition time TR, 1950 ms; echo-time
TE, 2.15 ms). For fMRI, we used BOLD signal-sensitive T2⁎-
weighted gradient-recalled echo-planar imaging (EPI; TE,
30 ms; TR, 3000 ms; silent interval between consecutive func-
tional volume acquisition, 1000 ms; slice acquisition time,
66 ms). A series of 210 functional whole-brain volumes consist-
ing of 30 contiguous slices 4 mm thick positioned in the
intercommissural plane (field of view, 230×230 mm2; matrix,
64×64 pixels) were acquired. The first twelve volumes were
discarded to obtain steady-state longitudinalmagnetizationand
scanner-induced auditory excitation. Between each functional
volume acquisition lasting 2000ms, a silent gap of 1000mswas
inserted (Fig.1). In every second gap, either a stimulus (prosodic
stimulus, 750 ms, see also previous footnote 1) was presented,
or this intervalwas defined as null-event (silence).Within these
1000 ms gaps, stimulus onset delay varied randomly between
50 ms and 200 ms (Fig. 1). We presented 72 stimuli of three
categories (anger, fear, and neutral), and interspersed 24 null
events in an event-related design via headphones (Commander
XG, Resonance Technology, Northridge, CA, USA). To reduce
scanner noise, additional earplugs were used, while stimulus
volume was accordingly adapted so that stimuli were well
perceived.

Data analysis

Data analysis was performed using statistical parametric
mapping (SPM 5; Wellcome Trust Centre for Neuroimaging,
London, UK; www.fil.ion.ucl.ac.uk/spm) on Matlab (Version
7.1., MathWorks, Natick, MA, USA). For intra-run realignment,
the MR-scanner manufacturer's online motion correction
was used. Functional images were realigned between runs,
corrected for slice timing, normalized to the Montreal
Neurological Institute (MNI) T1-weighted brain template
(resampled voxel size: 2×2×2 mm3), and spatially smoothed
(8 mm isotropic full width at half maximum Gaussian kernel)
using standard procedures in SPM 5. Each event type was
modelled as a separate regressor convolved with a canonical
Fig. 1. Experimental design. Grey: Echoplanar image acquisition lasting 2000 ms. In-
tervals: In every second interval (1000 ms), either a stimulus (750 ms) with varying
onset (50–200 ms) is presented, or a null-event is interspersed.

http://www.fil.ion.ucl.ac.uk/spm
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hemodynamic response function. In order to account for
differences in task difficulty, individual reaction times for each
event –which are amoremeaningful descriptor of difficulty on
a trial-by-trial basis than the actual responses –weremodelled
as one additional regressor for all event types. In order to
account for variance caused by basic stimulus characteristics,
the mean fundamental frequency F0 of each stimulus was
calculatedusing Praat (Version 4.5,www.praat.org), controlled
for octave jumps by visual inspection, and also introduced into
the model as one regressor for all event types. These para-
metric modulators were orthogonalised using a serial Gram–
Schmidt algorithm as implemented in SPM 5. In effect, the F0
regressorwas orthogonalisedwith respect to the reaction time
regressor, while themeanwas removed from the reaction time
regressor which was otherwise left unchanged. Both para-
metric regressors were then convolved with a canonical
hemodynamic response function. Due to the correlation of
task instruction and task difficulty, the reaction time regressor
might obscure task effects. All analysis were therefore
repeated without reaction time regressor, confirming all
BOLD response clusters with regard to localization and signifi-
cance levels, and approximating cluster size. Statistical para-
metric maps were generated from linear contrasts of interest
(main effect task instruction, main effect emotionNneutral,
main effect angerN fear, interaction task instruction×emotion)
in each participant. A second level randomeffect analysis (RFX)
was then performed using one sample t-tests on contrast
images obtained in each participant for each comparison of
interest (df=15). We report signal clusters with a voxel-level
threshold of pb0.001 (uncorrected), whole-brain corrected for
family-wise error (FWE) at cluster level (pb .05), using the
random field theory approach implemented in SPM 5. Since
the amygdala is of special interest in the context of implicit task
instruction, we defined a region of interest in the amygdala as
described by cytoarchitectonic probability maps (Eickhoff
et al., 2007). For clusters extending into this region, small-
volume correction for FWE was applied at voxel level (pb .05)
using a sphere of 30 mm diameter around cluster peak
coordinates. In order to evaluate common responses to anger
and fear prosody in a more conservative approach, a conjunc-
tion analysis (angerNneutral) and (fearNneutral) was con-
ducted, using a second level two sample t-test and testing
against conjunction null (Nichols et al., 2005; see also Friston
et al., 2005). Unique responses to these emotion categories
were assessed by contrasting anger with fear prosody. For the
interaction of task instruction×emotion, regions of interest
were defined as brain areas where activity was found in either
Fig. 2. Behavioural data: response accuracy and reaction times for gender identification (im
(black bars), anger (open bars), and fear stimuli (grey bars). Results are shown as mean±st
⁎pb .05, ⁎⁎pb .01, ⁎⁎⁎pb .001.
main effect. BOLD responses in those regions of interest were
small volume corrected for FWE at voxel level (pb .05) using a
sphere of 30 mm diameter around cluster peak coordinates.

Voxel time courses in responding clusters were averaged
for each subject using MarsBaR (Marseille boîte à région
d'intérêt; www.marsbar.sourceforge.net). Using Matlab,
event-related averaging was performed for each subject and
each cluster, and percent signal change was calculated using
two pre-stimulus volumes per condition as baseline. Results
were then averaged across subjects. We report peak signal
change difference between the conditions of interest, and
latency of that peak, expressed as interval between stimulus
onset and onset of the MR volume during which the peak
occurred. Behavioural responses were summarized using R
(www.r-project.org) and analysed using the general linear
model approach in SPSS (Version 12.0.2, SPSS Inc., Chicago IL,
USA). In addition to raw accuracy measures, an unbiased
accuracy estimate was calculated for the explicit task, which
multiplies the rate of correct responses for a given stimulus
category and the rate with which a given response was used
correctly (Wagner, 1993).

Results

Behavioural analysis

During the fMRI tasks, accuracy (i.e. correct responses, or
hit rate) and reaction times (RT) were collected from each
participant. Results are shown in Fig. 2. It should be noted here
that due to slightly differing motor difficulty of the required
reactions, reaction times have to be interpreted with caution.
There was a significant main effect of appraisal level/task
instruction in both measures (accuracy: F1, 15=121.6; pb .001;
RT: F1, 15=86.2; pb .001) as well as a significant main effect of
emotion (accuracy: F2, 30=34.9; pb .001; RT: F2, 30=6.3;
pb .001). Additionally, the interaction between both factors
was significant (accuracy: F2, 30=11.3; pb .001; RT: F2, 30=3.5;
pb .05). A post hoc contrast confirmed that accuracy differ-
ences between the tasks were more pronounced for fear and
anger than for neutral stimuli, while this contrast did not
reach significance for reaction times (accuracy: F1, 15=15.1;
pb .01; RT: F1, 15=2.1; n.s.). A priori contrasts were calculated
to identify differences between individual emotion categories
and are shown in Fig. 2. The difference in performance be-
tween anger and fear in the explicit task is almost entirely
explained by misattributions of fear as anger (16.4%), while
anger was less frequently taken for fear (3.4%; |t15|=6.4;
plicit task instruction) and emotion identification (explicit task instruction) of neutral
andard error. Unbiased hit rates are additionally stated in the text. Post hoc contrasts:

http://www.praat.org
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pb .001). Anger and fear were misattributed as neutral at a
similar frequency (34.4% and 33.9%, respectively, |t15|b1). In
order to account for such response biases, an unbiased hit rate
(Wagner, 1993) was calculated for the explicit task and
revealed corrected accuracy of .49, .44, and .40, respectively,
for neutral, anger, and fear prosody. In a one-way ANOVA,
there was a tendentially significant effect of emotion category
(F2, 30=3.2; p= .06) with fear accuracy differing significantly
from neutral accuracy (F2, 30=7.8; pb .05).

Main effect of appraisal level/task instruction

Brain regions that showed stronger BOLD responses to one
of the two tasks are summarized in Table 1 and Fig. 3. During
implicit as compared to explicit processing, we observed
stronger BOLD responses in the left superior temporal gyrus
(STG) and sulcus (STS). Also, a cluster in the right superior and
inferior parietal lobule, extending into the postcentral gyrus
showed enhanced BOLD response. Two small clusters extend-
ing into the amygdala in both hemispheres survived small-
volume correction.

During explicit as compared to implicit processing, sev-
eral clusters showed stronger BOLD signal in the left
dorsolateral prefrontal cortex (inferior and middle frontal
gyrus [IFG and MFG]), bilateral medial frontal cortex
(anterior cingulate [ACC], and supplemental premotor
cortex), and bilateral superior parietal lobule and right pre-
cuneus. The location of the right parietal areas was poster-
iomedial of the right hemisphere cluster observed in the
opposite contrast, while IFG responses to explicit versus
Table 1
Main effects of appraisal level/task instruction and of emotional versus neutral prosody on

Brain regions Brodmann area of
local maxima

Hemisphere Voxel
number

Vox
scor

Implicit N explicit
Inferior and superior parietal lobule,
postcentral gyrus

40 and 7 Right 334 4.64

Superior temporal gyrus and sulcus 22 and 21 Left 176 3.94
Amygdala (small-volume corrected) Right 8 3.79

Left 12 4.39

Explicit N implicit
Superior parietal lobule
and precuneus

7 and 19 Bilateral 1593 4.83

Precuneus 7 and 31 Right 129 3.71
Inferior and middle frontal gyrus 45 and 46 Left 201 4.07
Superior and middle frontal gyrus,
anterior cingulate

6 Bilateral 183 3.93

Emotion N neutral
Inferior frontal gyrus,
insula, putamen

47 Left 160 4.66

Anterior cingulate 32 Bilateral 1486 4.57
Superior temporal gyrus
and putamen

38 Right 129 3.81

(Anger N neutral) and (fear N neutral)
Anterior cingulate 24 and 6 Bilateral 1182 4.45
Middle frontal gyrus 46 and 9 Left 216 3.93

Anger N fear
Caudate and putamen Bilateral 228 4.54

Emotion N neutral, explicit N implicit (small volume corrected in regions of interest)
Putamen Right 79 4.03
Anterior cingulate and
middle frontal gyrus

6 Right 28 3.88

All reported clusters survived cluster-level correction at pb .05 unless stated otherwise.
implicit prosody were more superior than responses to
emotional versus neutral prosody.

Emotion-specific effects of appraisal level/task instruction

The experimental design using both neutral and emotional
prosodic stimuli allowed us to assess task effects specific to
emotional as compared to neutral prosody (that is, emo-
tion×task interactions). Such effects were observed for the
explicit as compared to the implicit condition. A cluster in the
right basal ganglia and another cluster in the right ACC and
middle frontal gyrus survived small-volume correction.

Main effect of emotional compared to neutral prosody

Overall effects of emotional as compared to neutral
prosody were analysed across tasks and revealed a stronger
BOLD signal in the right STG extending into the putamen, in a
cluster in the left inferior frontal gyrus and insula, extending
into the putamen, and in an extended cluster in the bilateral
ACC. In a second step, both unique and common responses to
anger and to fear prosody were analysed in a more conser-
vative approach. In order to identify unique responses, both
stimulus categories were compared. BOLD responses to anger
were more pronounced than to fear in the bilateral basal
ganglia, comprising parts of the putamen and caudate head
and body. Common responses, that is, brain areas that respond
consistently and significantly to both single categories,
were identified using a conjunction analysis, testing against
conjunction null (Nichols et al., 2005, see also Friston et al.,
blood oxygenation level-dependent (BOLD) responses

el Z
e

Montreal Neurological Institute brain template
coordinates of local maxima

BOLD
peak (%)

BOLD peak
latency (s)

50, −40, 56; 36, −52, 62; 42, −32, 52 0.05 3.875

−64, −16, 4; −64, −32, 0 0.05 3.875
30, 2, −14 0.05 3.875
−32, −10, −20 0.02 6.875

−30, −66, 44; −4, −70, 46; −32, −72, 38 0.05 3.875

16, −64, 20; 20, −68, 28; 24,−60, 26 0.03 3.875
−46, 22, 18; −46, 38, 16; −44, 30, 18 0.09 6.875
0, 4, 56; −10, −4, 58 0.07 3.875

−26, 18, −8; −24, 10, −8; −16, 8, −4 0.03 3.875

8, 14, 42; 6, 28, 34; −4, 14, 44 0.08 3.875
30, 16, −10; 52, 16, −8; 24, 12, −6 0.04 3.875

6, 10, 36; −2, 12, 44; −4, 12, 36 0.08 3.875
−42, 20, 30; −46, 12, 36 0.09 3.875

14, 20, 4; 6, 16, 6; 30, 34, −2 0.07 3.875

28, 16, 8; 36, 8, 8 0.02 3.875
14, 0, 56 0.02 6.875



Fig. 3. Blood oxygen level-dependent signal responses to implicitNexplicit task instruction (yellow), explicitN implicit task instruction (red), emotionalNneutral prosody (green), and
conjoint responses to both angerNneutral and fearNneutral prosody (dark green, overlaid on other clusters). Top row left: bilateral amygdala and left superior temporal sulcus (STS);
top row middle: left STS; top row right: parietal areas. Bottom row left: left inferior frontal gyrus (IFG), right superior temporal gyrus (STG), bilateral basal ganglia and anterior
cingulate (ACC); bottom row middle: left IFG, right STS and bilateral basal ganglia; bottom row right: bilateral ACC.
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2005). An extended cluster in the ACC was found that
responded consistently to both stimulus classes, as well as a
smaller cluster in the middle frontal gyrus.

Discussion

The objective of this study was to investigate and compare
implicit and explicit processing of emotional prosody, and to
assess common and emotion-specific substrates of appraisal
level. In accordance with our hypotheses, we found stronger
BOLD responses in the amygdala during implicit and in
prefrontal and cingulate areas during explicit processing.
Particularly, the inferior frontal gyrus showed stronger
responses during explicit processing. This is in line with
previous models on explicit evaluation of emotional prosody,
while lateralization of that function has been regarded
differently (Ethofer et al., 2006a; Schirmer and Kotz, 2006).

Implicit versus explicit processing of prosody

During implicit as compared to explicit processing of pro-
sody, BOLD responses (hence: neuronal activity) were more
pronounced in left STS and adjacent areas, and in the right
parietal lobe. In addition, small clusters in both amygdalae
were activated more during implicit processing.

The left STS has been implied in emotional prosody
processing in a paradigm involving an implicit task (Grandjean
et al., 2005; Sander et al., 2005) as well with explicit task
instructions (Ethofer et al., 2006b). Its role in implicit as opposed
to explicit processing has however been reported ambiguously.
In two studies investigating phonetic (implicit) vs. emotional
(explicit) judgements on emotional prosody, the left STS has not
been foundactive underphonetic instructions (Wildgruber et al.,
2004, 2005). Another study however reported increased left STG
activity in a verbal as opposed to an emotional task, when only
happy stimuli of the emotional task were analysed, but not
whenhappy and sad stimuliwere accounted for (Buchanan et al.,
2000). No contrasts vs. rest are reported in this study. While
these results could be interpreted as reduced STG activity during
explicit evaluation of happy stimuli rather than as increased
activity during implicit processing, our results are in favour of a
particular function of the left STS during implicit processing of
emotional prosody. This left STS activity is not paralleled in
studies on implicit processing of visual stimuli (Critchley et al.,
2000;Hariri et al., 2000, 2003),which suggests that this function
might be specific to auditory emotional stimuli.

Amygdala activity resembles findings from three previous
studies investigating appraisal level in the processing of visual
emotional stimuli that consistently reported activity in the
amygdala region during the more implicit as compared to the
more explicit task (Critchley et al., 2000; Hariri et al., 2000,
2003).

Parietal activity in response to implicit prosody processing
is consistent with previous reports on parietal activity during
phonetic versus emotional processing (Ethofer et al., 2006a;
Wildgruber et al., 2005). Task-related activity in this areamight
be constrained to auditory stimuli, as it has not been reported
in implicit processing of visual emotional cues (Critchley et al.,
2000; Hariri et al., 2000, 2003).

Explicit versus implicit processing of prosody

During labelling of emotion (explicit appraisal) as com-
pared to labelling of gender (implicit appraisal), we observed
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activity in bilateral parietal cortex, including superior parietal
lobule and precuneus, in the left dorsolateral prefrontal
cortex (DLPFC), including inferior frontal gyrus (IFG), and in a
cluster extending into the ACC and the supplemental motor
area.

Several studies comparing emotion labelling versus
phonetic/semantic labelling of emotional prosody have
reported right rather than left IFG activity (Buchanan et al.,
2000; George et al., 1996; Wildgruber et al., 2005), and it
has been proposed that the right inferior frontal and
orbitofrontal cortex is responsible for evaluative judgements
of emotional prosody, while the left inferior frontal gyrus
serves semantic processing (Schirmer and Kotz, 2006).
There is however evidence from a dynamic causal modelling
study that both IFGs process prosody in parallel (Ethofer
et al., 2006a), and it has been shown that circumscribed
left orbitofrontal lesions might impair recognition of emo-
tional prosody (Hornak et al., 2003). Our results might sug-
gest that the left IFG is particularly involved in explicit as
opposed to implicit evaluative judgement of affective
prosody. However, other possible explanations cannot be
ruled out. Attention to the speaker's emotional communica-
tion (as required by the explicit task instructions in this
study) might enhance efforts to retrieve lexical information
for the non-words presented here as compared to atten-
tion towards the speakers identity (as required by implicit
task instructions). Since the left IFG has been implied in
semantic analysis (Schirmer and Kotz, 2006), this might
also explain enhanced left IFG responses during explicit
processing.

ACC activity has been reported in a study investigating
brain responses to explicit processing of visual emotional
stimuli (Hariri et al., 2003), although two earlier studies have
not reported this activation (Critchley et al., 2000; Hariri et al.,
2000). In a study investigating the effect of cognitive load on
processing of anxiety, it was found that ACC activity is
attenuated by the cognitive load of an unrelated task, thus
suggesting that it might reflect higher cognitive appraisal
processes that can be diminished by cognitive load (Kalisch
et al., 2006). Hence, ACC activity in the explicit condition
might be due to task instructions requiring high-level
appraisal. On the other hand, the ACC might also serve a
specific role in affective prosody processing, particularly in
explicit evaluative judgements of affective prosody, since it
has been shown that ACC lesions impair recognition of affec-
tive prosody (Hornak et al., 2003). The lack of ACC activation in
previous studies comparing emotional labelling and phonetic
evaluation of emotional prosody can be explained by task
instructions involving speech-related instructions in the
implicit condition: during phonetic instructions compared to
baseline, the ACC was strongly activated (Wildgruber et al.,
2004, 2005).

Parietal activity during explicit emotional as compared to
phonetic/semantic instructions has been reported in the study
of Buchanan et al. (2000), but not in the studies of Wildgruber
et al. (2004, 2005). The parietal cortex contains polymodal
areas (Bremmer et al., 2001) and might subserve higher
analyses of the auditory signal.

Task-related activity in the supplemental motor area might
be related to the greater motor difficulty of the explicit task,
with three instead of two reaction possibilities, one of which
also necessitated a slightly more complicated motor program,
that is, a double click.
Effects of emotional versus neutral prosody

During listening to emotional as compared to neutral
prosody, we found activity in the right STG, in the left IFG, the
bilateral ACC, as well as in the basal ganglia. Emotional versus
neutral prosody has been studied previously with both implicit
(Grandjean et al., 2005; Sander et al., 2005) and explicit (Kotz
et al., 2003) task instructions. The study by Grandjean et al.
(2005) is of special interest since it used angry stimuli from the
same set as ourmaterial. In aparadigmsimilar to the oneused in
the present study, activity was found in bilateral STS/STG, ACC,
postcentral gyrus, and left putamen. With the exception of the
left STG and postcentral gyrus, this pattern is closely resembled
by our findings, while in the present study, the inferior frontal
gyrus was additionally activated. Those differences are mainly
attributable to the additional use of fear and differing
significance thresholds, since when analysing only anger vs.
neutral prosody, we found additional left STG activity at a
cluster-level corrected threshold, and at an uncorrected voxel-
level threshold comparable to thatofGrandjean et al., additional
pericentral activity was observed. While our results are there-
fore in line with a previous study using a similar stimulus set,
the contrast emotional vs. neutral prosody cannot be expected
to show all areas involved in prosody processing. In the context
of emotional prosody stimuli, it might be assumed that also
neutral stimuli are evaluated by some brain areas serving
emotional prosody processing in general. Greater activity in
response to emotional than to neutral prosody might therefore
reflect mainly the detection aspect rather than the processing
aspect of prosody evaluation. Of special importance here is the
ACC that was conjointly and significantly activated both by
anger and fear prosody using the conservative conjunction
approach. The relevance of the ACC during emotional prosody
processing is not yetwell understood, althoughACC activity has
been reported in response to anger vs. neutral prosody (Grand-
jean et al., 2005), and lesions can impair recognition of
emotional prosody (Hornak et al., 2003) which suggests a
specific role of this region for detecting emotional prosody. A
similar ACC region was activated in the contrast of explicit
versus implicit task instructions. Thismight atfirst sight suggest
that ACC activation during emotional as compared to neutral
prosody was in fact due to recruitment of explicit appraisal
processes that might be more pronounced when a stimulus is
detected as emotional, and thereby potentially relevant. This
explanation is however unlikely, given that ACC responses to
emotional versus neutral prosody were dramatically more
pronounced than during explicit versus implicit processing,
againpointing towards a specificACC functionduringemotional
prosody detection.

It is interesting to note that also in the bilateral basal
ganglia, activity was observed during emotional prosody
versus neutral prosody. This response was more pronounced
for anger than for fear, and it was particularly pronounced
during explicit task instructions. Previous studies comparing
emotional and neutral prosody under implicit task instruc-
tions reported activity in the caudate head (Kotz et al., 2003)
and putamen (Grandjean et al., 2005). Also, there is
evidence that basal ganglia dysfunction, for example in
Parkinson disease, impairs emotional prosody recognition
(Pell and Leonard, 2003). Taken together, this points towards
a specific function of this brain structure in emotional
prosody detection, especially when explicit evaluation is
required.



926 D.R. Bach et al. / NeuroImage 42 (2008) 919–927
Emotion-specific effects of task instruction

One starting point for the present study was the assump-
tion that appraisal effects might differ for emotional and non-
emotional stimuli. Such differences would present as interac-
tion of task instruction×emotion. We observed such effects in
the right ACC and basal ganglia, again suggesting a specific
function of these areas in the explicit detection of emotional
prosody. While previous studies on appraisal levels with
comparable paradigms have reported main effects of task
instruction and no interaction (Critchley et al., 2000; Hariri
et al., 2000, 2003), they were not specifically designed to find
such interactions. It should be noted that also in our study, the
small number of stimuli per cell of the design does not provide
the statistical power that an experiment might achieve that
focuses on such interactions. Also, in the present study inter-
actions were specifically analysed in areas where a main effect
was present, thus providing greater power for detecting
ordinal (but not disordinal) interactions but also increasing
the rate of type I errors. The question of how emotion×task
interactions are represented in the brain therefore requires
further investigation.

Amygdala in emotional prosody processing

Amygdala activity under implicit as opposed to explicit
task instructions resembles results from previous studies
using visual stimuli (Critchley et al., 2000; Hariri et al., 2000,
2003). An amygdala-cortical network has been proposed
where higher-level appraisal processes are represented in
prefrontal and cingulate areas and might attenuate amygdala
activity related to lower-level processes (Hariri et al., 2000,
2003). It is striking, however, that while emotional faces
activate the amygdala more than neutral faces (Whalen et al.,
2001), no such effect could be found in our study for
emotional versus neutral prosody. Specifically, no effect of
fear prosody could be observed in the amygdala, even when
only fear vs. neutral prosody was contrasted at a threshold of
pb .001 uncorrected. Accounts of amygdala function in
emotional prosody processing are however ambiguous in
the previous literature. Lesion studies suggest that the human
amygdala is not as critical for the recognition of affective
prosody as it is for recognition of facial affect (Adolphs and
Tranel, 1999). This is contrasted by the effects of pure (non-
verbal) emotional vocalization (Fecteau et al., 2007; Morris
et al., 1999; Phillips et al., 1998; Sander and Scheich, 2001;
Seifritz et al., 2003) and simple auditory warning stimuli
(Bach et al., 2008), which in most paradigms have shown to
elicit strong amygdala responses. This suggests that stimuli
with linguistic content might be less susceptible to activate
the amygdala than non-linguistic stimuli. An explanation for
these findings relies on task difficulty. Although the above
cited studies did not require or report stimulus identification
performance, it can be speculated that pure emotional vocal-
ization is much easier to recognize than linguistic prosodic
cues. Also, visual stimuli used in the above cited studies were
very easily recognizable. Therefore, these stimuli are prob-
ably more salient and might therefore activate the amygdala
more readily, while the more difficult stimuli used in our
experiment might require a higher appraisal level per se.
Note however that interindividual differences in amygdala
activation during listening to emotional prosody have been
reported, and that these differences might be correlated with
individually differing relevance of prosodic stimuli (Schirmer
et al., 2008).

Stimulus or response?

All analyses in this article were performed with regard to
the presented rather than the identified stimulus category.
This is in line with previous studies on appraisal effects on
processing of emotional cues. However, when stimulus
difficulty is high, this approach might obscure brain responses
to the recognition of individual emotion categories, as it does
not distinguish between correct and incorrect responses. In
addition, error variance might be increased as trials during
which participants did not pay attention to stimuli are
included in the analysis. One strategy to circumvent these
problems would thus be to perform analyses only on correctly
identified stimuli. However, the meaning of such an analysis
would be rather different between implicit and explicit task
instructions. During the implicit task, correct response might
be regarded as an indicator of attention, particularly since the
task is comparably easy. On the other hand, under explicit
instructions and with a comparably difficult task, incorrect
responses do not necessarily imply lack of attention. Here,
response accuracy is rather an indicator for the perceived
emotional meaning. An analysis of correct responses under
explicit instructions might therefore reveal brain areas
involved in the recognition of an individual emotion category.
However, even an analysis limited to explicit task instructions
not without problems as stimuli are not necessarily recog-
nized in a dichotomous manner. Uncertainty in recognition
might introduce a probabilistic element into responses. There-
fore, from a correct response on a given trial it is not possible
to infer correct identification of the presented stimulus. For all
these reasons, we believe that the presented analysis strategy
is best suited to shed light on the effect of appraisal processes.
In order to further clarify the recognition of individual emo-
tion categories, analyses according to stimulus identification
might however be useful. To overcome the problem of non-
dichotomous recognition, one might ask participants to judge
the probabilities that a given stimulus belongs to any emotion
category.

Limitations

The fixed task order used in this study might suggest that
differences between the tasks are in part due to stimulus
habituation effects. This possibility cannot be ruled out for the
present study. Also, the task used did not control for effects of
attention towards stimuli. Another limitation is the difference
in difficulty between the tasks. Although main effects of
difficulty were controlled by using individual reaction times as
a covariate for all analyses, difficulty×task interactions would
not be ruled out by this approach. Matched difficulty between
tasks would be desirable. Previous studies on appraisal of
emotional cues have attempted to provide such paradigms,
with mixed results however. While some did not report
statistical comparisons of task difficulty (Critchley et al., 2000;
Ethofer et al., 2006a,b), others have provided comparable
tasks (Buchanan et al., 2000; Hariri et al., 2000; Wildgruber
et al., 2004), and two studies report significant differences in
difficulty across appraisal levels (Hariri et al., 2003; Wild-
gruber et al., 2005). Yet another limitation refers to appraisal
processes not captured by task instructions. In other words,
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although the implicit task was always presented first, it cannot
be ruled out that explicit reference to emotion category
already took place during the implicit task. This possibility
should, however, reduce differences between implicit and
explicit tasks and therefore render testing more conservative.

Conclusion

Our study aimed at comparing explicit and implicit proces-
sing of affective prosody by avoiding speech-related task
instructions for the implicit condition. Our results are in part
comparable to those obtained using speech-related task
instruction. However, they differ in some important respects.
Of note here is amygdala activity during implicit and ACC
activity during explicit processing, which has not been ob-
served before during prosody processing but resembles
findings from studies using visual cues. Also, inferior frontal
gyrus activity during explicit appraisal was observed in the left
rather than in the right hemisphere, which might suggest a
specific function of this area in explicit evaluative judgements
of emotional prosody. The contrast emotional vs. neutral
prosody revealed activity in brain areas that have been widely
related to emotional prosody processing, that is, the right STS
and left inferior frontal gyrus. In addition, we observed activity
in the ACC and caudate head. Our study also aimed at inves-
tigating emotion-specific task effects. Emotion effects thatwere
more pronounced under explicit task instructions could be
shown in the basal ganglia and the ACC. Both areas have been
shown to be critical for prosody recognition in lesion studies,
but have only rarely been reported in neuroimaging studies
comparing emotional and neutral prosodies.
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