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Abstract

Asperger syndrome (AS), belonging to the autism spectrum of disorders, is one of the pervasive developmental disorders. Individuals witt
AS usually have normal development of formal speech but pronounced problems in perceiving and producing speech prosody. The prese
study addressed the discrimination of speech prosody in AS by recording the mismatch negativity (MMN) and behavioural responses to nature
utterances with different emotional connotations. MMN responses were abnormal in the adults with AS in several ways. In these subjects
fewer significantly elicited MMNs, diminished MMN amplitudes, as well as prolonged latencies were found. In addition, the MMN generator
loci differed between the subjects with AS and control subjects. These findings were predominant over the right cerebral hemisphere. Thes
results show impaired neurobiological basis for speech-prosody processing at an early, pre-attentive auditory discrimination stage in AS.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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Asperger syndrome (AS) is one of the pervasive develop- There are so far only few studies on the neurophysiology
mental disorders characterized by abnormalities in social of auditory perception in AS. Jansson-Verkasalo efld]
interaction and communicatid,16,19-21] It belongs to compared pitch (1000Hz versus 1100 Hz) and consonant
the autism spectrum of disorders and shares several feature§taa/ versus /kaa/) discrimination between children with AS
with autism, but is regarded as a separate clinical entity and control subjects, as indexed by the mismatch negativity
[16]. Language development in AS is usually norrfi22] (MMN), which can be used for determining cortical sound-
and the acquired literal language skills are good. However, discrimination accuracfi4]. They found that for both types
there are problems in understanding hidden meanings of theof sound contrasts, the children with AS had prolonged
spoken message and in using language in a social contexMMN latencies over the right cerebral hemisphere.
[8,20]. Individuals with AS have pronounced problems The present study aimed at determining whether individ-
associated with the prosody of speech; the speech productionuals with AS and control subjects differ in discriminating
is characterized by abnormal rhythm, intonation, and pitch, prosodic features in naturally articulated words uttered
and they have difficulties in interpreting the emotional with different emotional contents. It was hypothesized that
content and prosody of the speech that they flEa17,18] individuals with AS are less accurate than control subjects
Moreover, auditory hypersensitivity is common in £&4]. in discriminating words uttered with different prosodies. To
this end, the MMN and behavioural data were recorded from
eight adult individuals with AS (four females, 22-43 years
* Corresponding author. Tel.: +358 9 191 23760; fax: +358 9 191 24509. 0ld, mean 33 years) and their age- and sex-matched control
E-mail addressteija.m.kujala@helsinki.fi (T. Kujala). subjects (four females, 23-42 years old, mean 32 years).
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The diagnosis of the AS was based on a detailed interview Table 1
conducted according to the principles outlined by GiIIberg The mean percentages (with standard deviations in brackets) of correctly

and Gillberd(7], Ehlers and Gillberg5], and Ehlers etalB],  ceormity. oracny . 11e o e utered neutrally commandingty
and on ICD-1Q22]. Only individuals fulfilling the criteria of , ' :
ICD-10[22] and DSM-IV[2] were included in the study. In ~ 2Pions Contro Asperger
addition, a comprehensive neuropsychological assessmenteutral i 75 (38) 63 (425)
was carried out, including Wechsler adult intelligence gomman g 91 (19) 91 (27)

. . cornful 66 (48) 59 (46)
scale revised (WAIS-R), Wechsler memory scale revised guq 63 (42) 25 (38)

(WMS-R), Wisconsin card sorting test (WCST), Benton face
recognition test and face recognition task of neuropsycho-
logical test battery for children (NEPSY). The subjects had electrode cap, with the reference attached to the nose. The
no other neuropsychiatric co-morbidities or any medication horizontal (bipolar) electro-oculogram was monitored with
for 6 months prior to the testing. The mean full-scale 1Q was two electrodes placed at the outer canthi of the eyes, and the
114 and the range 99-140 in the subjects with AS. vertical one with the Fpz electrode. EEG epochs with volt-
The discrimination of a Finnish word (female name age exceeding-100uV, as well as responses to the first four
“Saara”) uttered by afemale speaker neutrally (stimulus dura- stimuli were discarded from the analysis. ERPs were sepa-
tion 577 ms) and with different emotional connotations, com- rately averaged for each standard and deviant stimulus type,
manding (538 ms), sad (775 ms), and scornful (828 ms), wasand filtered (bandpass 1-20 Hz, slope 24 db/octave).
compared between subjects with AS and control subjects by  Difference waves (ERPs elicited by the standard stimulus
using the MMN and behavioural responses. The stimuli were subtracted from those elicited by the deviant stimuli) were
chosen from a set of stimuli previously produced for a study created for the statistical analysis. MMN amplitudes were
on the identification of utterances with 10 different emotional measured from the difference waves with a 50-ms window
connotationg11]. In that study, all these stimuli were more centered at the grand-mean peak latencies identified at Fz
often identified correctly than identified as representing one electrodet-tests were used to determine whether the MMNs
of the other optional emotions. The commanding utterance significantly differed from zero at the frontal electrodes (F3,
was the easiest to identify, being correctly identified in 75% of Fz, F4). The MMNs elicited by the deviant stimuli were com-
the trials, whereas the corresponding numbers for the neutralpared between the groups over the left (Fz, F3, CT3, CP3,
(called “naming” in[11]) and scornful utterances were 48% TP3) and right hemispheres (Fz, F4, CT4, CP4, TP4) and
and 52%, respectively, and for the sad one 36% of the trials. at fronto-central (F3, Fz, F4, Cz) scalp areas with ANOVA.
There were two behavioural tests, a stimulus-identification Greenhouse—Geisser corrections were applied when appro-
and a target-discrimination task, administered after the priate. Fisher's LSD post hoc test was performed to calculate
event-related potential (ERP) recording session.the the sources of the significant main effects and interactions.
stimulus-identification tasksubjects were randomly pre- In the word-identificationtask, both groups identified
sented with the stimuli used in the present stupy .25 the commanding stimulus best and the sad stimulus worst
for each stimulus type, eight repetitions). The subject’s task (Table 7. An ANOVA including all stimuli and both groups
was to mark on a sheet whether the stimulus presented wasevealed a significant Stimulus main effeE{(3,42) =6.46,
uttered neutrally, sadly, scornfully, or in a commanding p<0.002). The post hoc test revealed that this was caused by
manner, or whether it had some other emotional connotationa significantly higher identification rate for the commanding
or could not be identified. stimulus than for the other stimuli and for the neutral stimu-
Inthe target-discrimination task and in the ERP recording lus than for the sadly-uttered stimulys\alues in all these
session the neutrally-uttered word served as the standard tests <0.05).
stimulus =0.79), and the deviant stimuli were randomly In the behaviouratarget-discriminationsession, no sig-
presented at thep of 0.07 for each deviant type. The nificant effects were found for the hit- or false-alarm rates
stimuli were presented with a 1500-ms stimulus onset but there was a significant reaction time (RT) main effect
asynchrony (SOA) pseudo-randomly, so that there was atwhen all stimuli and both groups were included in the anal-
least one standard stimulus between deviant stimuli. In ysis (F(2,28)=90.62p<0.001;Table 3. According to the
the target-discrimination task (20 trials), the subject was post hoc test, the RT for the commanding deviant stimulus
instructed to press a button to target deviant stimuli with the was significantly shorter than for the other deviant stimuli,
index finger of the preferred hand. Button presses occurring and it was also shorter for the sad than for the scornful deviant
150-1500 ms from deviant-stimulus onset were regardedstimulus f-values in these tests <0.01).
as hits and those occurring at any other times as false All deviant stimuli elicited biphasic negative-going
alarms. neural responses in control subjects. In subjects with AS,
In the ERP recording session, there were five blocks eachthe scornfully and sadly uttered deviant stimuli elicited
containing 392 stimuli. Electrophysiological data were col- biphasic negativities, whereas for the commanding deviant
lected while the subject watched silent, subtitled movie. The stimulus, there was only one negative-going response.
EEG (bandpass 0.1-100 Hz) was recorded with a 32-channelThe first component of the responses was fronto-centrally
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Table 2
The mean hit rate (HIT), false-alarm rate (FA), and reaction time (RT) (with

standard deviations in the brackets) for the deviant stimuli presented ran-
domly among the standard stimuli

in subjects with AS than control subjects({,14)=12.52,
p<0.01). Furthermore, there was a grouplectrode inter-
action ((2,28)=3.89,p<0.04). According to the post hoc
test, subjects with AS had a longer latency at F4 than con-

Stimulus Control Asperger trol subjects at all electrodep-galues <0.01) and a longer
HIT RT HIT RT latency at Fz than control subjects at 3(0.02).

Commanding 98 (3) 516 (173) 93 (8) 546 (138) Our results suggest impaired prosody perception in indi-

Scornful 98 (4) 669 (213) 93 (7) 682 (146)  viduals with AS, which is in agreement with previous ob-

Sad 95 (8) 617 (196) 93 (14) 654 (149)  servationg12,17,18] These subjects tended to identify less

FA 2(3) 3(8) accurately than the control subjects the emotional contents of

the spoken words. Furthermore, their neural substrate was ab-
normal in discriminating these words since significant MMN
distributed while the second one was prominent also in amplitude, topography, and latency differences were found
the temporal-parietal areas, particularly in control subjects between the groups. The abnormal MMN process in indi-
(Fig. 1). All deviant stimuli elicited a significant response Viduals with AS suggests that their prosody perception is
in at least one of the frontal channels (F3, Fz, F4) in control impaired at a low-level information processing stage.

subjects {(14)=2.3-5.3, p<0.04), whereas significant
responses were found for the commanding and scornful
stimuli (t(14) = 2.3—4.0p< 0.04) but not for the sad stimulus
in subjects with ASFig. 1; Table 3.

The MMN amplitudes tended to be larger in the control
subjects thanin the subjects with ASd. 1). Amplitude com-

Subjects, particularly the control subjects, identified the
words fairly accurately (control subjects: 63-91%, subjects
with AS: 25-91%). The commanding stimulus was bestiden-
tified and the RTs were shortest for this deviant stimulus in
the target-discrimination task. This is in agreement with the
results of Leinonen et aJ11] who found that this stimulus

parisons revealed a significant group difference over the right was the easiest to identify among nine stimuli with other emo-

hemisphere for the scornful deviant stimul&¢l,14) =5.42,
p<0.04; group main effect; peak latencies: 328 ms for the
control subjects and 312 ms for the subjects with A§; 1).

tional connotations. The sadly-uttered stimulus was identified
worst in our study, also having one of the lowest identifica-
tion rates in Leinonen et gtL1]. Subjects with AS seemed to

In addition, for the commanding deviant stimulus, there was a have the greatest difficulties with this word, having an iden-
significant groupx electrode interaction for the central elec- tification rate of 25% for this stimulus, which was the lowest
trodes F(3,42) = 3.63p<0.04; peak latencies: 186 msforthe of all (Table J).
control subjects and 200 ms for subjects with AS), whichre-  The impaired neural substrate of prosody discrimination
sulted from a larger response in the control subjects at Cz thanin AS was evident in several ways in the MMN responses.
at the lateral frontal electrodes (Cz versus F8,0.05; Cz First, there were less significantly elicited MMNSs in subjects
versus F4p<0.005;Fig. 1). A significant groupx electrode with AS than in their controlsTable 3. Second, there was
interaction was also found for these stimuli over the right asignificant MMN-amplitude difference between the groups
hemisphere K(4,56) = 3.73,0< 0.05), which resulted from  for the scornful deviant stimulus over the right hemisphere.
smaller responses in the subjects with AS than in the control Furthermore, both fronto-centrally and over the right hemi-
subjects over the temporal-parietal electroges@.03). sphere, the MMN elicited by the commanding deviant was
Latency comparisons were carried out at F3, Fz, and F4 for differently distributed in subjects with AS than in control
the first response elicited by the commanding deviant stim- subjects, suggesting that some MMN generator loci might
ulus, which significantly differed from zero in both groups. be different in these two subject groups. Third, the MMN
There was a group main effect resulting from a longer latency latency was prolonged in subjects with AS, particularly over

Table 3
Mean amplitudes (ipwV; standard deviations in brackets) of the MMN responses at the grand-mean latencies
Latency (ms) Control Latency (ms) Asperger
F3 FZ F4 F3 Fz F4

Commanding

1st 186 —2.2(1.2y —2.2 (1.5 —1.9 (1.5f 200 —1.6 (1.6) —2.0 (1.5¥ —1.8 (1.3

2nd 312 -0.2(1.7) -0.2(1.9) 01 (2.1) - - -
Scornful

1st 142 -0.4(1.1) 09 (1.4) 06 (1.3) 178 —-0.8(1.8) —1.3 (1.5 —-0.8(1.1)

2nd 328 —-2.2(2.1y —2.4(2.7F —2.0 (2.5 312 —0.7 (1.3) —0.6 (1.3) -0.8(1.7)
Sad

1st - - - - - -

2nd 306 -1.1(1.7) -1.0(1.6) —1.2 (1.4y 276 —0.5(0.9) —0.6 (0.9) -0.4(1.1)

The amplitudes significantly differing from zero are marked with an astepislo(05). 1st =first MMN component, 2nd = second MMN component.
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Fig. 1. Difference waves (the response elicited by the standard stimulus subtracted from that elicited by the deviant stimulus) for each deveatttype
condition at frontal-central (Fz, Cz, F3, F4) and temporal-parietal (CT3/4, CP3/4, TP3/4) scalp sites. Under the Cz electrodes, the acoustifuatiefo
deviant stimulus as well as for the neutrally-presented standard stimulus (above the deviant stimuli) are presented.
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the right hemisphere, which is in agreement with previous Acknowledgements

studies[10]. The present electrophysiological results are in

agreement with the suggestion, so far primarily based on  This study was supported by the Academy of Finland
clinical studies and self-reports of patients with {S,18], (200522, 77322). We thank Mr. Jari Kallio, MA for help in
that AS is characterized by an impairment in discriminating data collection.

speech prosody. This impairment originates from the early

pre-attentive level of central auditory processing, since itwas

observed with the MMN response, suggesting a fundamentalgoferences

deficit.
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