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Abstract

We report findings concerning the understandingroéody in Asperger Syndrome (AS), a
topic which has attracted little attention andtedontradictory results. Ability to understand
grammatical prosody was tested in three novel eéxgerits. Experiment 1 assessed the
interpretation of word stress, Experiment 2 focusedrammatical pauses, and Experiment 3
tested the discrimination of the question contd@oustic tasks were also used to assess the
perception of pitch, duration, intensity and prasamntours. AS participants performed as
well as typically developing controls in all ousks. This provides support in favour of the
view that grammatical prosody is spared in Aspe&ygrdrome.
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It is commonly reported that Autism Spectrum Disssd(ASDs) are linked with language
deficits and in a way that varies with the intepsit the disorder (Pry, Petersen, & Baghdadli,
2005). For instance, in classical autism, approegeb0% of the population never manage
to develop a functional language (Bailey, Philli@sRutter, 1996; Rapin, 1991). In contrast,
individuals with milder forms of autism do acquiamguage but with some delay (e.g.,
children with High Functioning Autism, HFA). Fingllindividuals with Asperger Syndrome
(AS) — the least severe form of the disorder — kleantly and go through the typical stages
of language acquisition (APA, 1994). Regardlesthefseverity of the disorder, most
researchers agree that the language deficit innAISHA mainly affects pragmatics while
sparing formal aspects of language (e.g., Attw@8@6; Landa, 2000). This hypothesis has
been mainly supported by data indicating that syrg@enerally spared (e.g., Ghaziuddin et
al., 2000) while the use and understanding of warghenomena relying on pragmatic
enrichment are not (e.g., non literal languagektith & Happé, 1994; Happé, 1993; Martin

& McDonald, 2004); (or humour, Lyons & Fitzgerak)04; Werth, Perkins, & Boucher,
2001). Prosody is a topic that has obvious relezdanc¢he above dissociation because it
serves both grammatical and pragmatic functionssiwtould be dissociated among listeners
with an ASD.

“Prosody” relates to a variety of phenomena (ideig intonation, stress, rhythm, etc.)
serving grammatical as well as pragmatic functibmsugh variations in pitch, intensity and
duration (Cruttenden, 1997; Wilson & Wharton, 200%)the grammatical level, stress and
rhythm help the hearer chunk the speech flow imode and clauses (e.g., “Dragonfly and
carrot” has a different rhythm and stress patteamt‘Dragon, fly, and carrot”), intonation
patterns help to identify sentence type (e.g.nal fiising contour signals a question and a
falling contour signals a declarative), and worést enables one to differentiate between
nouns and verbs (e.g., PREsent vs. preSENT) (feviaw, see Cruttenden, 1997; Cutler,
Dahan, & van Donselaar, 1997t the pragmatic level, many cues to the meaiitended
by the speaker are conveyed through subtle prosbdicges (e.g., clues for turn-taking,
speaker’s attitude, speaker’s emotional state Sf@rud contrast, etc.; for a review, see Cutler,
Dahan, & van Donselaar, 1997; House, 2006).

Although the consensus view is that one oughinit ihtact grammatical
competence and a lack of pragmatic competence amMBAgand AS participants, existing
results are not so straightforward. As we desdnilmetail later, some studies comparing HFA

and AS patrticipants to matched controls reportdititiein the ability to perceive



grammaticalprosodic cues, while others did not identify sgobup differences. Given this
lack of clarity, one reasonable first step in elstng a grammar/pragmatics distinction with
respect to prosody is to rule out the existence pdtential deficit in grammatical prosody
(which could then impact performance at the pragmevel). In the present work, we
address this point and assess the grammaticaidanaft prosody in AS. In what follows, we
briefly review the literature on the production gretception of prosody in HFA and AS.
While keeping the grammar/pragmatics distinctiomind, we first concentrate on the
production side and then turn to the receptionro$pdy. To anticipate, the literature on
production generally conforms to the consensus Wawvgrammar is spared in HFA and AS
while pragmatics is not. However, the literaturereception is less clear-cut and requires
more investigation. We thus put forward a novelexkpental paradigm testing the
understanding of grammatical prosody in AS and egsking some of the methodological

issues found in previous experiments.

Producing prosody
Given the abundance of evidence highlighting prasaldnormalities in ASDs, this area of
research has been greatly under-explored (foriawegee McCann & Peppé, 2003). Yet,
both Kanner's (1943) and Asperger's (1944) inttedcriptions of the disorder mentioned
abnormal prosody, using adjectives such as “oddgrfotonous”, “singsong”,
“unmodulated”, etc. Asperger, whom we quote attlertgglow, clearly emphasises these
issues in his seminal paper (translated in U. F1i@91):

The abnormalities differ, of course, from caseasec Sometimes the voice

is soft and far way, sometimes it sounds refinadirsasal but sometimes it

is too shrill and ear-splitting. In yet other cagdbe voice drones on in a

sing-song and does not even go down at the endeftence. However

many possibilities there are, they all have onegln common: the

language feels unnatural... (p. 70)
Autobiographies and parental reports also freqyenéntion aberrant prosody as well as
difficulties in interpreting prosodic cues. Fortiawsce, Temple Grandin (Grandin, 1986)
reports on the strangeness of her voice and owdlyehis impacted her social life:

Years later, | was shocked to learn that my spsaitthad minor

abnormalities. | was not aware of the persisteri¢ckeohesitation and

occasional flat tone of my speech. (...) | was athat sometimes people

didn’t want to talk to me, but | didn’t know whyp.(87)



Recent reports in the literature further confirratth) deficits in producing prosody are
present in many patients (almost 50% of ASD indiaid according to Paul, Augustyn, Klin,
& Volkmar, 2005); b) they persist even when otheaa of language improve (Paul,
Augustyn, Klin, & Volkmar, 2005; Shriberg et alQ@1); and c) they “constitute one of the
most significant obstacles to [the person's] saniaggration and vocational acceptance” (Paul
et al., 2005, p. 205). In line with results in atheeas of language, it appears that the
pragmatic function of prosody is more affected thatinguistic function. For instance, AS
individuals are able to place grammatical pause®ctly but use non grammatical pauses
less often (Fine, Bartolucci, Ginsberg, & Szatma891; Shriberg et al., 2001; Thurber &
Tager-Flusberg, 1993). Similarly, word stress mdoiced properly but contrastive stress is
not (Fine, Bartolucci, Ginsberg, & Szatmari, 19B&ppé, McCann, Gibbon, O'Hare, &
Rutherford, 2007; Shriberg et al., 2001). Furtherenthey tend to stress old and new
information equally often (McCaleb & Prizant, 1988)ereby giving evidence of pragmatic
difficulties. Finally, results regarding the prodioa of the contour associated to questions
and declaratives are less clear-cut. Peppé ét@7] found that HFA children sounded as if
they were asking a question when a statement wasreel. However, using a similar design,

Paul et al. (2005) found no difference between HRAS teenagers and matched controls.

Perceiving prosody
Autobiographical reports such as Donna William®94) also mention serious difficulties,
on the perception side, in dealing with prosodiescu

'Speak to me through my words,’ | asked Dr. Matekanted to cut down

the struggle in putting mental pictures into words.

‘Can you take the dancing out of your voice andmgk faces so you don’t

distract me from what you're saying?’ (p. 95)
However, the perception of prosody has receivesldggntion than the production side,
except in the case of affect, where deficits haenhdentified (Golan, Baron-Cohen, Hill, &
Rutherford, 2007; Rutherford, Baron-Cohen, & Whe#itm, 2002). Although limited in the
range of pragmatic functions they assess, studi¢seperception of pragmatic prosodic cues
match the results reported for production. Indéedh Paul et al. (2005) and Peppé et al.
(2007) found that contrastive stress was understoaupropriately in HFA and AS
participants and studies on the perception of inorey speaker’s voice also reported issues
(Rutherford, Baron-Cohen, & Wheelwright, 2002; Wahee, Sigman, & Dapretto, 2006). As

far as grammatical aspects are concerned, thatliteris rather scarce and existing results are



contradictory. Some studies find no obvious diffeein the interpretation of grammatical
prosody between participants with AS / HFA and oast while others do reveal problems.

More specifically, in a study assessing a group/ofeenagers with ASD (including
24 participants with AS or HFA and 3 with Pervasidevelopmental Disorder; Mean age:
16.8), Paul et al. (2005) found no difference intagtic chunking. In this experiment, the
presence or absence of a pause affected syntacsing, and, consequently, the overall
interpretation of the utterance. For instance,e€ilithe dentist is here” differs from “Ellen,
the dentist, is here”. In the former case, Ellethesaddressee of the utterance, she is the
person who is told that the dentist is here; arithénlatter case, “Ellen” actually refers to the
dentist. Paul et al's results thus indicate that/ AfF-A participants are able to use pauses to
interpret an utterance. Similarly, Peppé and héeagues (2007) found that word chunking
(i.e., “Chocolate, Cake and Bun” vs. “Chocolateecakd Bun”) was unimpaired in a study
involving 31 children with HFA (age range: 6.1 -83.

While these findings point to a common competeregylts from the two above
studies differ with respect to the ability to digjuish between interrogatives and declaratives.
Indeed, while Paul and her colleagues found ne@ufice between the group of HFA / AS
adolescents and the controls, Peppé et al. (2@podyted that HFA children tended to
wrongly judge questions as statements. Here ibishamentioning another experiment
(Erwin et al., 1991), testing 11 HFA adults, in einEvent Related Potentials were recorded
in response to the rare presentation of declasa{mepearing in 20% of the trials) amongst
frequent interrogatives (appearing in 80% of tieg). One specific ERP component, the P3
potential, is known to be elicited in responseatie rstimuli. It was therefore postulated that,
provided that participants differentiate the twatsace types, the P3 should be greater in the
rare trials involving declaratives. To the authastprise, the data indicated remarkably
normal P3 and behavioural processing of prosodiwudit a result which goes in the same
direction as Paul et al.’s. In the case of gramrahstress, Paul et al.’s study, the only one (to
the best of our knowledge), reports poorer perforcean the HFA /AS group. However, this
finding also requires some further examination &imés based on a relatively high p valpe (
=.12).

Overall, the literature on the perception of graatical prosody in HFA and AS is
not conclusive. Arguably, the inconsistency in tésults reported above could be due to the
fact that methodologies differ greatly, making srgsudy comparisons difficult (e.g., Erwin
et al. tested adults, Paul et al. tested teenager&eppé et al. tested children). Moreover, the

results presented by Paul et al. (2005) are diffiouinterpret due to the presence of ceiling



effects on most tasks. Although very rigorous $mitethods and analysis, a close look at
Peppé et al.’s study reveals potential interpretati difficulties for the participants, thus
casting doubt on the reliability of the resultsr Fstance, children were asked to distinguish
interrogatives from declaratives by saying whetherspeaker was “telling something” or
“asking something”. But since asking is a casesthing (strictly speaking someomekingis
also conveying some information and uttering aesec#, therebtelling something), the two
choices are not mutually incompatible under aditerterpretation. This may have been an
issue for the HFA children, who tend to be quiteril minded (Happé, 1993). Furthermore,
the studies mentioned so far concentrate on thgsasaf accuracy rates and do not explore
reaction times, which can be potentially revealmglentifying differences in strategies
between AS participants and controls. Finally,shalies presented above might have been
more convincing if an extra control involving phgai measures had been added; that is, none
of the above studies takes steps to ensure thapriperceptual abilities, on which the
perception of prosody is based, are intact.

As noted above, prosodic cues are conveyed thrbagic acoustic changes such as
variations in pitch, intensity and duration. Thdigbto detect these changes, together with
normal hearing capacities, is of course crucidhtodeployment of higher order prosodic
skills. In individuals with an ASD it appears tipsripheral hearing sensitivity is generally
normal (Gravel, Dunn, Lee, & Ellis, 2003; Tharpekt 2006); however, auditory processing
disorders (Bruneau, Bonnet-Brilhault, Gomot, Adri&Barthélémy, 2003; Siegal & Blades,
2003) and sound sensitivities (Kern et al., 2006)cmmmonly reported. Similarly,
difficulties in appropriately allocating attentibm some auditory stimuli have been reported
(Ceponiene et al., 2003; Lepisto et al., 2005; &i#pet al., 2006) and recent fMRI and PET
findings have identified abnormalities in the netkvmvolved in processing voice stimuli
(Boddaert et al., 2004; Gervais et al., 2004; Gostai., 2006). Given the possibility that
some individuals with ASD suffer from auditory pessing issues, it seems imperative that
basic auditory skills be fully checked before asseshigher level prosodic abilities.

In the current study, the above issues are adehtefs each experiment, several
control conditions were included, participants wexposed to repeated trials in order to
ensure that the effects were robust across varadrial types, and the experiments were
devised so that both accuracy rates and reactiestcould be measured. Participants were
also chosen in one age group only (i.e. teenadershermore, in order to minimise problems
due to the heterogeneity of the Autism Spectrum¢careentrated on individuals with

Asperger Syndrome. AS participants were then clyefiatched to typically developing



participants both according to their chronologaaé and to their verbal mental age.
Importantly, we first assess the ability of adokds with AS to perceive pitch, duration,
intensity and prosodic contours with acoustic tagke then go on to investigate their ability
to understand grammatical prosody using three nexgériments — one applied to an isolated
word, a second to a sequence of words and a thimdmhole utterance. More precisely,
Experiment 1 assesses the interpretation of woeds(e.g., “PREsent” vs. “preSENT"),
Experiment 2 assesses the ability to take rhyttimancount in order to chunk a sequence of
several words (e.g., “Dragonfly and Carrot” vs. &Qon, fly, and Carrot”) and finally,
Experiment 3 assesses the discrimination of ddolasand interrogatives (e.g., “This animal

is a monkey.” vs. “This animal is a monkey?”).

General method
This section presents a) the battery of testsvieat used in the study, b) details of the
recording procedure for our auditory stimuli andnédrmation about the general testing
procedure common to all three experiments. Finallyprovide details of the participants
who were tested in the study.
Materials

The British Picture Vocabulary Scales-Il (Dunn,rby & Whetton, 1997)Assesses
the participant’s verbal mental age by measuricgpgve vocabulary. In the test, the child is
asked to point to one picture (out of four), whadhresponds to the word spoken by the
experimenter.

Memory for contourdn this novel task, we present the participant withpairs of
five note melodies in a random order (Mell: CGE®fe|2: CFDFC, Mel3: CDEAA, Mel4:
CGGDC, Mel5: CCEEG, Mel6: GEEEC). For each paig, plarticipant has to decide whether
the two melodies sound the same or different. Theaes are identical (1-1, 4-4, 6-6) and
three sound different (1-2, 5-6, 3-4).

Dinos.The three “Dino” tasks, designed and programmeBdnpthy Bishop, assess
the participant’s ability to discriminate durationtensity and frequency (for previous studies
using the Dinos task, see, e.g. Sutcliffe & Bisha)5). Two dinosaurs each make a sound
separated by a 500ms interval in the intensitydurdtion tasks and by a 480ms interval in
the frequency task. The child then has to decidewtlinosaur is making the longest, loudest
or highest sound (depending on whether she is aimglthe duration, intensity or frequency
task respectively). Correct responses are reinflongth a small icormn the screen and a

cheerful noise, and wrong answers wittr@ss and a sigh noise. The next trial starts after



500ms interval. All three tasks are based on a éwgulent” PEST procedure (Findlay,
1978), which adaptivelglters the gap separating the two sounds. Initithly participant has
to make very easy discriminations, and larger siegs are subsequently used to increase
difficulty level untilan error is made. When an error is made, the digtationis made

easier. The task is stopped after 6 reversals bem@red or a maximum of 40 trials has been
completed. The PEST procedure is set to converdgbeon5% correct point and the threshold
is taken as the average target across the lastdearsals in the track. Note that low
thresholds are indicative of optimal performance.

Auditory stimuli for Experiments 1, 2 andThe stimuli were recorded in an anechoic
chamber at University College London with the h&fl professional acoustician. The
speaker was a native male speaker of SouthernastaBditish English, trained to record
auditory stimuli. He sat in an armchair equippethvai headrest ensuring that the distance
between his mouth and the microphone remained aonsthe microphone (Bruel & Kjaer
2231 Sound Level Meter fitted with a Type 4165 Mnone) was linked up to a Sony DAT
reader connected to a PC. The recordings were madmono format, using a 44.1 kHz
sampling rate. The items to be read were presamedsuspended computer screen using
ProRec version 1.00 (Huckvale, 2003). The wavssfilere then segmented using the Speech
Filing System®© (Huckvale, 2004) and a 100 ms siéewas inserted immediately before and
after the sound signal.

General testing procedure

Written parental consent was obtained prior totésting phase and children were
then also asked whether they agreed to take p#reistudy. Pupils were seen individually at
school during two 35-minute sessions. The experigiasting perception and grammatical
prosody were presented using a laptop and the somerk played through Sennheiser
headphones (which were calibrated for consisteficdBdoefore use). None of the children
had problems agreeing to wear the headphones kboidtlaém were comfortable with
computers (this computerized environment is prabtietand less socially demanding than
direct one-to-one interactions, and is thus leesstul for AS children,). Experiments 1, 2
and 3 were presented using E-prime (which waswded to measure accuracy rates and
reaction times) and all the trials were presenteal iandom order. Each trial started with a
1000ms “Listen carefully” screen followed by an @&oi stimulus. The participant then had
to answer using one of two response keys (E aralRterbalanced) and the next trial started
1000ms later. In each experiment, the instructiopsesented on the screen — were read out

to the participants and a training phase follow&tien participants were halfway through



each task, the messatou’re half way through!”was displayed so that they had the
opportunity to take a break. More specific detaflthe procedure will be provided in the
description of each experiment.
Participants

Thirty-four male adolescents (17 with AS and 17 icgfly Developing, henceforth
TD) took part in the experiments presented in plaiger. The pupils with AS were at a special
education school in Somerset (England) which reguiormal diagnosis of AS according to
standard clinical criteria (APA, 1994). The diagimsformation was gathered from school
files of documented medical diagnoses made bynicali psychologist and/or psychiatrist.
The controls were seen in a regular school in tieffield area. TD and AS participants all
spoke English at home, and none had any signifiveating loss, visual impairment, or major
physical disability. The control participants wenatched on chronological age (AS-Mean =
13;8 , TD-Mean = 14;2(32) =.77;p = .41) and verbal mental age (Standardised BPVS
score: AS-Mean = 106, TD-Mean = 382) = 1.20p = .16, see Table 1 for detailed

information).
TD patrticipants Participants with AS
Mean (SD) Range Mean (SD) Range t(@f);

Age 14:2 (1;7)  11:6-16:8  13;8(1;11)  11;1-17;10  2)(8.77 p=.41

BPVS

<core 99 (14) 76-128 106 (20) 78-145 t(32) = 1.20= .16

Table 1.Participants’ age and BPVS score.

Finally, the Dinos tasks revealed no group diffeesm any of the conditions, indicating that
the discrimination thresholds for duration, intéysind frequency gaps were similar in both
groups (see Table 2).



TD AS t(dl);p

Intensity — Mean (SD)  2.70dB (1.62dB) 2.43dB (1.62dB)  t(32) = .35 p=.73

Duration — Mean (SD) 72 ms (64ms) 40ms (24ms) t(32) =1.86 p=.07

Frequency — Mean (SD) 142Hz (112Hz) 122Hz (92Hz) t(32) = .64 p=.52

Table 2.Mean threshold values (and standard deviationghtintensity, Duration and

Frequency tasks.

The existing literature on pitch discriminationA®Ds points in the same direction
and provides quite unanimous evidence that indaiglon the spectrum generally perform as
well as—or better than - controls. This is truetémks involving pitch discrimination (e.qg.,
Bonnel et al., 2003; Heaton, 2003, , 2005; O'Riar@aPassetti, 2006), pitch naming
(Heaton, 2003), and pitch memory (Heaton, 2003¢ HAilgh prevalence of absolute pitch
(Happé, 1999) and musical savants (Hermelin, 2@@hjn the autistic population also
supports this view. As far as loudness and duratrerconcerned, the results are scarce and
contradictory, making it hard to draw any firm ctusion.

Having checked that both groups have similar etz abilities, we now turn to the
three novel experiments designed to test the utadehsig of grammatical prosody.
Experiments 1, 2 and 3 assess the ability to déhllexical stress, to chunk compounds, and
to distinguish questions from declaratives, respelst.

Data analysis for Experiments 1-3

The data was analysed using SPSS 13 for Mac OSXoByention, we refer to F-
values obtained with participants as the randortofaasF; (ort;), while F-values obtained
with items as the random factor are referred tb.g®r t,) for all the analyses presented in
this paper. All p-values assume a two-tailed fegt.all reaction time analysis, a log
transformation was carried out beforehand to imerbnve conformity of the data to the
standard assumptions of ANOVA (e.g., Howell, 19%@action times of more than three

standard deviations from the mean were considandigis and were excluded from both the



reaction time and the choice proportion analysisrédver, only correct responses were

retained in the reaction time analysis.

Experiment 1 — Lexical Stress
In this experiment, we assess the participant’ityalo select the most appropriate
pronunciation of an utterance on the basis of tless pattern assigned to a disyllabic noun or
verb. The target items used in the experiment lgetompairs of Noun-Verb homographs with
different stress patterns (e.g., “He got the b&fE$ent he could dream of.” - “l preSENT the
late-night news.”). An equal number of control igrwhich do not belong to such pairs of
homographs, was added (e.g., “He got the best RWeztould dream of.” - “| Edit the late-
night news.”). Participants heard the same sentprar@unced twice — once with a correct
stress placement and once with an incorrect splasement? — and were instructed to decide
whether the “first” utterance or the “second” onasvpronounced best, using the
corresponding response keys (counterbalanced)eXperiment was preceded by a two-trial
training phase.

Method

Participants Two AS participants (chronological age: 16;10 4@¢01, VMA: 91 and
94) did not take part in this experiment becausg tsked to go back to class before having
gone through all three experiments. We thus te32epupils (17 TD, 15 AS).

Material and designThis experiment is based on a 2 (Item-Type: Tai@etytrol) by
2 (Grammatical-Category: Noun, Verb) design. Therizt frequent Noun-Verb homonyms
in British English were selected. These were prieskto 15 adults who had to decide
whether the pronunciation was strange or fine. Feuans were subsequently removed so that
only those pairs for which both the noun and thw weggered rates of correct responses
above chance were included in the experiment. Eaohcould appear in one of four
conditions (Target-Noun, Target-Verb, Control-NoQuontrol-Verb). Four lists were made up
in this way; they included 16 target items (8 Nquh¥erbs) and 16 control items (8 Nouns,
8 Verbs), with each item appearing twice: once pumted correctly and once incorrectly.
Results and discussion

Results in all the control conditions were well edachance (the mean rates of correct
answers ranging from 80.1% to 94.1%, see Figutep), In the Target condition, Nouns also
elicited good scores (89.5% in the TD group and@®6in the AS group) but Verbs were

associated to comparatively lower performance®9@64n the TD group and 63.3% in the AS



group). However, scores were above chance inaltdimditions and for both groups (&>
3.4, allps <.005).
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Figure 1.Proportion of correct answers (top) and reactimes$ (bottom) as a function of

stimulus type (control, targets), grammatical catggnouns, verbs), and group (TD, AS).

We conducted a mixed repeated measures ANOVA Wwitetfactors: the within-
subject factors “ltem-Type” (2: Target, Control)diGsrammatical-Category” (2: Noun,
Verb) and the between subject factor “Group” (2;, A3). Here, the dependent variable was
the rate of correct responses. The ANOVA revealethin effect of Iltem-TypeHy(1,30) =
13.4,p; <.001;F»(1,15) = 7.5p, < .02) and a main effect of Grammatical-Categény1(,30)
= 37.1,p1 < .001;F5(1,15) = 13.9p, < .005). However, there was no significant maireeiff
of the group I£1(1,30) = 0.5p; = .47;F»(1,15) = 2.7p, = .12), no Iltem-Type X Group
interaction F1(1,30) = 0.3p;1 = .56;F»(1,15) = .29p, = .60), and no Grammatical-Category
X Group interactionK1(1,30) =.04p; = .85;F,(1,15) = .04p, = .84). This indicates that AS

participants are no less accurate than the coniddsthen rafPost hodBonferroni tests to



check the origin of the main effects we reportedvab These indicate that the main effect of
Item-Type is due to the fact that targets are hatten controls (Target-Mean = 79.9,
Control-Mean = 86.8p < .001) and the main effect of the GrammaticaleGaty is due to
verbs being harder than nouns (Noun-Mean = 90.8)-Weean = 73.3p < .0001). Finally,

the Item-Type X Grammatical-Category interactién({,30) = 7.7p; < .01;F,(1,15) = 2.37,
p. = .14) is explained by the fact that target veatesharder than all the other types of items
(all ps< .001). A possible explanation as to why targeins were easier than target verbs is
that 94% of Nouns have a trochaic pattern, whik & verbs have an iambic pattern (Kelly
& Bock, 1988), which implies that the stress pattet nouns is much more predictable.

A repeated measures ANOVA including the same fade those used in the analysis
of accuracy rates with participants’ reaction tirmeshe dependent measure revealed the
same effects (see Figure 1, bottom). There wasima effect of tem-TypeK1(1,30) = 10.0,
p1 < .004;F»(1,15) = 14.8p, < .005), and a main effect of Grammatical-Catedbiy1,30) =
12.8,p; <.001;F»(1,15) = 8.9p, < .01), but no significant main effect of the goa1(1,30)
=0.2,p1 = .66;F»(1,15) = 1.8p, = .20), no Iltem-Type X Group interactiof;(1,30) =.02p;
=.88;F, (1,15) = .06p, = .81), and no Grammatical-Category X Group irdéoa (F.(1,30)
=.03,p1 = .86;F2(1,15) = .34p, = .57). Our results thus indicate that AS partaijs are able
to use intonation to detect grammatical categ@iebthat they do so in ways that are very

similar to control participants.

Experiment 2 — Chunking compounds
In this Experiment, we assess the participant’Btalbo take rhythm into account in
chunking sequences of two or three words appragyiaind to associate the sequence to the
right set of pictures. Three word-types were ussmmpounds (“Dragonfly and carrot”),
Split-compounds (“Dragon, fly and carrot”) and Quoig (“Fly, apple and carrot”). These
stimuli appeared in three experimental conditiaee (Figure 2).



Dragonfly
->
Mismatch
Dragenfly
and Carrot
Match Aﬁ{
Dragen, Fly,
and Carrot

Figure 2 Experimental design for Experiment 2.
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In the Ambiguous Mismatch condition, the particifsaneard a compound and saw the picture
corresponding to the split-compound (or vice versa)., “Dragonfly and carrot” was played
out and was followed by pictures of a dragon, afig a carrot. In the Match condition, the
right set of pictures was associated to the segeng., “Dragonfly and carrot” was followed
by the picture of a dragonfly and a carrot. Inkhismatch condition, the sequence was
followed by a set of pictures which clearly did medtch, e.g., “Dragonfly and carrot” was
followed by the picture of an elephant and a caitbe participant first heard the description
and then saw the set of pictures. They were insduo decide whether the description was
“right” or “wrong”, using the appropriate resporisgy (counterbalanced). The experiment
was preceded by a three-trial training phase.

Methods

Participants.Two AS participants (chronological age: 16;10 addl@, VMA: 91 and
78) did not take part in this experiment becausg tsked to go back to class before having
gone through all three experiments. We thus te32epupils (17 TD, 15 AS).

Material and designThis experiment is based on a 3 (Word-Type: CamdoSplit-
Compound, Control) by 3 (Matching: Ambiguous MisoigtMatch, Mismatch) design. 40
Noun-Noun compounds were selected making surdotithtconstituent nouns and the
resulting compounds could be represented on arpiciine Snodgrass database (Snodgrass &
Vanderwart, 1980) and pictures drawn by a profesdiartist were used in this experiment.
The artist was asked to use a similar drawing dtytbe one used in Snodgrass and we

subsequently made sure that both sets were inglissinable. Each item could be presented in



two forms: as a compound (“Dragonfly”) or as atspiimpound (“Dragon”, “fly”). It was
then followed by another word preceded by the “arwlinective (e.qg., “Dragonfly and
carrot” or “Dragon, fly and carrot”). This last wbwas chosen from among the most frequent
mono- bi- and tri- syllabic words in English, aralteat all the items had the same total
number of syllables. Forty control items were tbegated using the various constituents of
the experimental items arranged in a random ostethat none of the combinations
corresponded to a possible compound (e.qg., “Heatggiand “Dragonfly” would be mixed
into “Head, fly, and microscope”). Four lists wehen made up, each including 10
compounds, 10 split-compounds and 12 control iterash item appearing in only one of its
possible forms in each list. Half the items werduded in the Match condition (expected
answer: “Right”) the other half being equally digdlbetween the Mismatch and the
Ambiguous Mismatch conditions (expected answer:dWg’) so that the participants were
supposed to answer “Right” and “Wrong” equally ofte
Results and discussion

Means and standard deviations for targets judgeduad correct, for the three word
types (Compound, Split-Compound and controls) andhe three Matching conditions

(Match, Ambiguous-Mismatch, Mismatch) are showifigure 3 (top).
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Figure 3.Proportion of correct answers (top) and reactimes$ (bottom) as a function of
word types (Compound, Split-Compound and contratg) for the three Matching conditions
(Match, Ambiguous-Mismatch, Mismatch), and group(RS).

Since both groups obtained ceiling scores for terol items, we concentrate on the target
word types (Compounds and Split-Compounds) in tisyaes which follow. In the Match
and Mismatch conditions, mean rates of correctaesps are extremely high, ranging from
90.1% to 100% and thus appear not to cause angydartproblems for either group of
participants. In contrast, the Ambiguous-Mismatohdition gives rise to lower rates of
correct responses and to extremely high standandtdms, especially in the Split-
Compound condition. The rates observed in this itimmd(72.7% on average for Compounds
and 42.2% for Split-Compounds) do not, howeveteotfchance levels but rather the
existence of two groups of participants: one cdaesity (and wrongly) accepting ambiguous
mismatches and the other consistently (and righéiigcting therih We conducted an

ANOVA using repeated measures with three facttwes within-subject factors “Wordtype”

(2: Compound, Split-Compound), and “Matching” (3atdh, Ambiguous-Mismatch,
Mismatch) and the between-subject factor “Group R, AS). Here, the dependent variable
was the rate of correct responses. The ANOVA redktalmain effect of Wordtyp&{(1,30)

= 31.4,p1 < .0001;F»(1,54) = 22.2p, < .0001), and of Matchind~((2,60) = 27.3p; < .0001;
F2(2,54) = 92.6p, < .0001), and a significant Wordtype X Matchintgmaction F1(2,60) =
13.4,p1 < .0001;F»(2,54) = 17.7p, < .0001). However, there was no main effect ofgtaip
(F1(1,30) = 0.25p; = .62;F,(1,54) = .003p, = .95) and this factor did not interact with
either of the other two (Wordtyp€3(1,30) = 0.11p; = .73;F»(1,54) =.47 p, = .49; Match:
F1(2,60) = 0.08p; = .76;F2(2,54) = .42p, = .73). It thus appears that the AS group was

indistinguishable from the controBost-hocBonferroni tests reveal that the main effect of



Matching is due to the Ambiguous-Mismatch conditigmch leads to fewer correct
responses (Mean = 59.5 %) than the Match condiivean = 96.1 %) and the Mismatch
(Mean = 98.8 %) condition (botts < .0001). Furthermore, the Wordtype X Matching
interaction is also due to the Ambiguous-Mismatehdition which differs from all the

others, both for compounds and for split-compouimdall comparisons including the
Ambiguous-Mismatch condition: ghs < .0001, no other comparison reaches signifigance
Results reveal that the Ambiguous-Mismatch conditsoharder than all the others, especially
when Split-Compounds are involved (Mean = 44.5 ¥Sjplit-Compounds vs. 72.7 % for
Compounds). This indicates that participants areertikely to take a split-compound (e.g.,
the words “Dragon” and “Fly”) as compatible withetpicture corresponding to its compound
counterpart (e.g., the picture of a dragonfly) thieey are to accept the reverse association
(e.g., the word “Dragonfly” associated to the pietof a dragon and of a fly).

A repeated measures ANOVA including the same facie those used in the analysis
of accuracy rates with participants’ reaction tirmeghe dependent measure revealed similar
effects (see Figure 3, bottom). There was a mdecedf Matching F1(2,18) = 5.5p; < .05;
F2(2,51) = 4.9p, < .05), no main effect of Wordtyp&{(1,19) = 3.0p; = .09; F»(1,51) =
1.9,p2 =.17) and groupK1(1,19) = 0.04p; = .85; F,(1,51) = .008p, = .93) and no
interaction between the various factors kgt < 1.7, allp;s > .21; allF,s < 2.12, alp,s >
.13). Again, our results reveal that adolescents W5 appear to be as able as TD adolescents

to take prosody into account in chunking two- ae&word sequences.

Experiment 3 — Question contour

In this Experiment, we assess the participant’btaibo distinguish questions from
declaratives on the basis of prosodic and syntaois. All participants took part in this
experiment. In the “Syntax” condition, both intaioatand word order indicate that the
utterance is a question (e.g., “Is this a dog?’jhe “Prosody” condition, the word order is
identical to that of a declarative (e.g., “Thisigdog?”) and the only clue that the utterance as
a question comes from intonation; in the “Declaiticondition, both intonation and word
order indicate that the utterance is a declardgvg, “This is a dog.”). The participant then
has to decide whether the speaker sounded “surghsure” of what he said, and choose the
corresponding response key (counterbalanced). Xerienent was preceded by a two-trial
training phase. Three lists each containing 15stemere made up, with the constraint that
each item appeared in only one of its possible $oftf8yntax”, “Prosody” or “Declarative”).

Results and discussion



Means and standard deviations of correct respdnsdise three sentence types

(Syntax, Prosody and Declarative) are shown intéidu(top).
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Figure 4.Proportion of correct answers (top) and reactimes$ (bottom) as a function of

Sentence-type (Declarative, Prosody, Syntax) aodm(TD, AS).

All the conditions are associated to very goodgremnces ranging from 75.6 to 100 %.
Unsurprisingly, the Declarative condition (Globaélh = 98.2 %; TD-Mean = 97.6 %; AS-
Mean = 98.8 %) and the Syntax condition (Global Me®7.1 %; TD-Mean = 100 %; AS-
Mean = 94.1 %) trigger ceiling performances. Infesody condition, the rates of correct
responses are very high although not at ceilingl§@l Mean = 80.6 %; TD-Mean = 75.3 %,
t(16) = -2.8; AS-Mean = 85.9 %(16) = -2.1; all means are different from ceilirmpees: all
ps < .05). We conducted a mixed ANOVA using repeatedsures with two factors: the
within-subject factor “Sentence-type” (3: Declavati Prosody, Syntax) and the between

subject factor “Group” (2: TD, AS). Here, the degdent variable was the rate of correct



responses. The ANOVA reveals a main effect of Sexataype F1(2,64) = 7.6p; < .001;
F2(2,42) = 35.4p, < .0001), but no significant main effect of the grd&p(1,32) = 0.22p; =
.63;F2(1,42) = 0.87p, = .36). The Sentence-type X Group interaction wasifsogmt in the
item analysis onlyK1(2,64) = 1.33p; = .27; F»(2,42) = 3.99p, < .05). Post hodonferroni
tests indicate that the Prosody condition diffeosrf the other two (Declaratives< .005;
Syntax:p < .005). This is evidence that the Prosody condliigoharder, possibly because the
information provided by word order and intonati@mttict in this condition whereas they
match in the other two conditions. Again, our resuldicate that performance in the AS
group does not differ from that of the controls.

A repeated measures ANOVA including the same faae the ones used in the
analysis of accuracy rates with participants’ rieaictimes (see Figure 4, bottom) as the
dependent measure revealed no main effect anderaation between the various factors (all
Fi1s < 1.4, alp;s > .80; allFzs < .52, allp,s > .60). Overall, our results demonstrate that AS
participants are able to use intonation to decibetier the speaker sounds sure or unsure of
what he says, and hence that they easily detecfudstion contour.

General discussion

The literature on the perception of grammaticabprdy in HFA and AS has not yet
provided a fully conclusive picture. Conflictingidence has been put forward, some
suggesting that grammatical abilities are intaati, some suggesting possible impairments. In
this paper, we have argued that the inconsistehttyeaesults obtained in the literature might
have arisen for methodological reasons (for a sinsifgument, see McCann and Peppé’s
(2003) recent review mentioning recurring methodaal flaws in the literature: small
samples, absence of control population, poorlyngefiprosodic categories, small numbers of
trials, etc.). In particular, we have stresseditigortance of checking that there is no disorder
at the perceptual level (e.g., inability to pereetifferences in pitch, intensity or duration)
before assessing the perception of prosody andawe ighlighted the need to measure not
only accuracy rates but also reaction times. Indéedsystematic use of reaction time
measures provide an extra tool to compare AS angé&ridrmances, and allows one to
explore potential differences in processing stiatedarticular care was devoted to
addressing methodological worries mentioned inmea®rk focusing on prosody in autism.
With respect to the construction of the tasks, mbrmonditions were systematically included,
the number of trials was either equal to or abtwxeestandards mentioned in Peppé et al.’s

latest work (2007), and the stimuli were recordedptimal acoustic conditions. As far as



participants are concerned, our group includedesitbjwith a narrow diagnosis (AS only)
and from a narrow age range. Finally, performancaur tasks indicates that the control
participants had no problems with the design andeiing effect was observed in the target
conditions.

To summarise, our results indicate that adolesogith AS are able to decide on the
most appropriate stress pattern for dissyllabicds@Experiment 1), to correctly chunk
compounds on the basis of rhythmic cues (ExperirBgrdand to take into account the
intonational contour of a whole sentence in deteimgj whether it is a statement or a question
(Experiment 3). Strikingly, response time data cored with the pattern observed for
accuracy rates as AS participants responded atis@rilar to those of carefully matched
control participants. Finally, identical patterrfsaccuracy and reaction times were observed
when item analyses were performed, which gave niisduconfidence in the data. The data
we obtained thus seem to be consistent acrossamug tasks (Experiments 1-3), measures
(accuracy, reaction times) and analyses (by sub@@dby items), and are consistent with
previous findings indicating that grammar is getigigpared in ASDs. Indeed, it is important
to stress that explanatory theories of autism ptedat teenagers with HFA and AS will have
no difficulty dealing with the grammatical functiah prosody. Overall, a reliable picture of
AS children’s ability to deal with grammatical poaly seems to emerge.

Nonetheless, it is important to stress that nddat§ are always difficult to interpret
and should not be overstated. Furthermore, theréraitations to the present study which
need to be acknowledged here and addressed i fortark. For instance, the sample size,
though larger than in many studies on languagésskilASDs, may not have been large
enough to identify small sized effects. Similatlyg number of trials could be increased in
future work (although our paradigms involved conaide numbers of trials to those used in
previous work, such as Paul et al.’s (2005) - iddsiper task - or Peppé et al.’s (2007) - 16
trials per task). A further issue is that this stémcused on AS, and it is conceivable that our
results would not generalise to the rest of thesauspectrum. Adapting our paradigms to
lower functioning children might thus be an inteirgg route for future investigations, and
differences between HFA and AS might also be wexghloring. Replication with more
complex tasks would also be useful insofar as cemsures of prosody may have been too
simplistic and not sensitive enough to pick up pdis deficits in older (and more able)
individuals. For instance, the interplay betweesngmatical category and word-stress could
be extended beyond homographs. Furthermore, therialagmployed here is clearly quite

different from natural situations where prosody twake processed in real time. Finally,



although reaction times provide a more fine-graitoed than accuracy rates to detect
potential processing differences, online measwgs 0f brain activity) would be useful in
order to completely rule out the possibility tha® participants performed like the controls
while relying on compensatory strategies.

More generally, a possible line of research wodddfurther investigateragmatic
prosody in Asperger Syndrome. It has been notddetren amongst those individuals with an
ASD who have fluent language (Hale & Tager-Flush2a$5), and even when the outcome
is optimal (Kelley, Paul, Fein, & Naigles, 2006)esidual pragmatic deficit is always found.
However, this claim is brought into question byamicfindings reporting few group
differences in pragmatic skills or ToM skills (e.Back, Ropar, & Mitchell, 2007; Ponnet,
Roeyers, Buysse, De Clercq, & Van Der Heyden, 2603; Wang, Lee, Sigman, & Dapretto,
2006). Here again, measuring reaction times coelddpecially informative, since it may be
that AS participants often use compensatory stiedeghich mask important group

differences.
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Footnotes

! Contrastive stress and word stress differ in Ehgl®r instance, consider the following
utterance: “The uniVERsity MUST be rebuilt” (witlagital letters indicating stressed
syllables). Here, the word stress on “universig/obligatory whereas the contrastive stress on
“must” is optional. In other words, word stres®gigatory and is encoded in the linguistic
representation of each word whereas contrastiesesis optional and allows the speaker to

express a certain pragmatic attitude towards tbpgsition she is expressing (Rossi, 1999).

2 Note that incorrectly stressing the control iteesulted in neologisms (e.g., “I like
puZZLEs") whereas incorrectly stressing the tartgehs resulted in a change in the

grammatical category of the item (e.g., “l gave lim@reSENT").

% Note that the same distribution is found in batbugs for split compounds?(2, 31) =
0.02,p=n.s.): 7 AS and 8 TD participants score belo#26 AS and 7 TD participants
score above 75%, and 2 score at chance in eacp;god for Compoundsyq (2, 31) = 1.04,
p=n.s.): 4 AS and 2 TD participants score belo$629 AS and 11 TD participants score
above 75%, and 2 AS and 3 TD participants scochatce.



