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Abstract

The expressive prosodic abilities of two groups of school-age children with autism spectrum
conditions (ASC), Asperger's syndrome (AS) and high-functioning autism (HFA), were
compared with those of typically-developing controls. The HFA group showed impairment
relative to age-matched controls on all the prosody tasks assessed (affect, sentence-type,
contrastive stress, phrasing and imitation) while the AS showed impairment only on phrasing
and imitation. Compared with lexically-matched controls, impairment on several tasks
(affect, contrastive stress and imitation) was found in the HFA group but little in the AS
group (phrasing and imitation). Comparisons between the ASC groups showed significant
differences on prosody skills. Impairment in prosodic skills may therefore be a reliable
indicator of autism spectrum subgroups, at least as far as communicative functioning is
concerned. There were also significant differences between ASC groups and lexically-
matched typically-developing children on expressive language skills, but the incomplete
correlation of the prosody results with scores on language tasks suggests that the prosodic
differences between the two groups may not all be attributable to the level of language skills.
Suggested further research is to investigate the relationship of prosody and language skills in
this population more closely, and to develop a prosody test as part of the diagnostic criteria of
ASC.
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1. Introduction

Prosody, or manner of speaking, was noted as atypical in the original identification of
autism by Leo Kanner (Kanner, 1943) and this has since been affirmed by many authors, e.g.
Ehlers and Gillberg (1993), Klin and Volkmar (1995), Wing (1981, 1991). The prosody of
verbal people with autism spectrum conditions (ASC) has however not received a great deal
of attention in research. There are several possible reasons why this should be, such as the
variability of atypical prosody and the difficulty of assessing its communicative and social
effects (Peppé, 2009). There are at least three reasons for investigating it: to find out how
communication and social interaction in people who have the condition may be affected by
deficits in prosodic skills; to establish the basis for possible techniques for intervention and
improvement in aspects of communication in ASC; and to shed light on typical language
development. This paper is concerned mainly with the first reason.

Another aspect addressed by this paper is the distinction between Asperger's syndrome
(AS) and high-functioning autism (HFA), the principal difference being the degree and type
of language impairment: characteristics of the two conditions are described in more detail
below (1.2). This has been a topic of interest to other researchers (e.g. Macintosh &
Dissayanake, 2004; Szatmari, Bryson, Duku, Vaccarella, Zwaigenbaum, Bennett, & Boyle,
2009). The classification of ASC subtypes can be useful with regard to predictive validity of



diagnosis, treatment response, and for matching interventions to the needs of individual
children.

1.1 Atypical prosody

The functions of prosody include verbal punctuation or phrasing; the expression of
feelings and affect by intonation and tone of voice; indicating utterance-type, i.e. whether a
conversational utterance is a question, a statement, or an invitation to continue speaking; and
signalling the focal point of an utterance (Roach, 2000). These functions are conveyed by the
forms of prosody which depend on variations of loudness, pitch and articulation rate.
Additionally, individual speakers have idiosyncratic variations; prosodic styles vary in their
appropriateness; and many languages have regional prosodic varieties. All this makes it hard
to determine prosody as typical or atypical (Peppé, 2009), the more so as prosodic
phenomena are not well-defined and seldom explicitly discussed; but this has not prevented a
sense that prosody can be wrong or unusual, as in the above-mentioned early
characterisations of ASC and in lay perceptions of autistic speech.

The perception of expressive prosody as atypical or disordered has at least two
implications. One is that atypical expressive prosody produces an impression that the speaker
is “different’, with the inevitable consequences for social integration. The other is the
implication for communication: that disordered prosodic ability, receptive or expressive, may
lead to misunderstandings. People with ASC display many variations of atypical prosody,
and it is not known to what degree any form of it affects communication and social
interaction, but for clinicians, carers and educators it would be helpful to be able to
characterise the primary problems. The implications for functional communication will be
considered in this paper and an experiment in the perception of atypical expressive prosody
by people not professionally concerned with communication disorders will be the subject of
another paper.

1.2 Previous research

As part of a previous project we conducted a review of the available literature on
prosody in ASC (McCann & Peppé, 2003), which showed it to be fairly sparse (16 studies in
22 years). Some of the studies concluded that there was a tendency in ASC to misplace stress
in utterances (Baltaxe & Guthrie, 1987; Shriberg, Paul, McSweeny, Klin, Cohen, & Volkmar,
2001). Many studies showed inconclusive results and no consistent picture of prosody as a
whole in high-functioning ASC emerged: this was however not surprising, as the definition
and scope of what constitutes both autism and prosody varied from study to study. Many of
the studies suffered from a paucity of participants. It also emerged that the descriptions of
atypical autistic prosody varied widely: it could be exaggerated, monotonous, robotic, stilted,
wooden, and sometimes sound as though the speaker had a foreign accent. Prosody to which
the terms ‘exaggerated’ and ‘monotonous’ can both be applied suggests either a confusion of
terminology or different manifestations.

Since then there have been further studies, for example a major study by Paul,
Augustyn, Klin and Volkmar (2005), examining various aspects of receptive and expressive
prosody in a systematic way in a cohort of participants, involving 13 typically developing
controls and 27 participants with ASC. Their findings support those of earlier studies; e.g. the
group with ASC had difficulty with placing stress correctly in pragmatic and affective
contexts, and in placing stress in accordance with canonical lexical stress patterns.

Our own study of prosody in children with high-functioning autism (HFA) is reported
in Peppé, McCann, Gibbon, O’Hare and Rutherford (2007). On several of the prosody tasks
there were marked differences between the experimental group and controls, with the
children in the HFA group performing significantly less well on several aspects of both



receptive and expressive prosody. There was a tendency to misplace stress in the HFA group,
in line with previous findings. The HFA group also had difficulty with the understanding and
expression of utterances differentiated by affect: this was predictable, given the low ability of
people with ASC to infer the feelings of others and to express their own feelings (as indicated
in, for example, Capps, Yirmiya, & Sigman, 1992; Ben Shalom Mostofsky, Hazlett,
Goldberg, Landa, Faran, McLeod, & Hoehn-Saric, 2006). The HFA group also performed
significantly worse on imitation tasks, where they had to listen to a short phrase and repeat it
with matching prosody. The HFA and control groups were matched on a receptive
vocabulary measure, and it therefore appears that in this type of ASC prosodic ability, while
strongly correlated with language ability (McCann, Peppé, Gibbon, O’Hare, & Rutherford,
2007), was to some extent impaired independently of language.

We were however interested in how the prosody skills of a group of children with AS,
as differentiated by language delay history, would compare with those of the HFA group, i.e.,
whether prosodic ability would keep pace with the better language ability of children with
AS. It is controversial as to whether Asperger's syndrome constitutes a particular type of
high-functioning autism or is a separate category (Fitzgerald & Corvin, 2001; Harrison,
O’Hare, Campbell, Adamson, & McNeillage, 2006). Matson (2007) and Macintosh and
Dissayanake (2004) conclude that there are no etiologic differences between AS and HFA,
but recent diagnostic criteria hold that they are distinguished by a history of clinically
significant pre-school language delay, present in HFA but not in AS (as in, e.g. Cederlund,
Hagberg, Billstedt, Gillberg, & Gillberg, 2008; Howlin, 2003). A recent paper (Szatmari et
al., 2009) used the more precise clinical feature of ‘absence of structural language
impairment (StrLI1)’ to distinguish AS from HFA, or thought of HFA as “really AS ‘co-
morbid with StrLI’” (p. 1465, their italics), and found similar developmental trajectories:
both groups improved at roughly the same rate and in both the rate of improvement slowed
down in late adolescence. They noted however that ways of defining and measuring StrLI
might be refined in future; given the disjunction in prosodic ability in our HFA study when
participants were matched on receptive vocabulary, the role of prosody in both types of ASC
IS interesting from this point of view.

1.3 Aims

The present paper takes into account data from both our HFA study and a later one we
conducted with children with AS, similar to the HFA study but with extended scope. Both
studies set out to discover the functional prosodic ability and prosodic imitation skills of
children with ASC. In this paper we compare expressive prosodic ability in the two ASC
groups, comparing them with both age-matched and lexically-matched controls, looking at
the ability both to imitate prosody and to use it in a functional way for communication. We
also look at the differences between the two groups in the relationship between prosodic and
linguistic skills as measured by their performance on an expressive language task. By this
means we aim to establish how closely differences in prosodic expressive ability between the
two ASC groups are related to their expressive language skills, or whether there are some
prosodic differences that are not explained by language skills.

2. Method

2.1 Participants

The term *high-functioning autism’ (HFA) has been used to describe the condition of
people with autism who are verbal and have non-verbal cognitive abilities within the normal
range. As previously indicated, the distinction between AS and HFA is controversial. In this
research, diagnosis was reached within a multidisciplinary assessment setting, with attention



paid to the child’s ability to attend, imitate, comprehend and use language, play appropriately
with toys, and interact socially as described in a number of settings. Clinical case notes were
also reviewed by the fourth author to verify that assignment to HFA and AS was appropriate,
based on ICD-10 (World Health Organisation, 1993) and Gillberg and Coleman (2000)
respectively, and on history of preschool language and speech milestones. A range of
assessment tools including the Childhood Autism Rating Scale (CARS: Schopler, Reichler,
DeVellis, & Daly, 1980), Gilliam Autism Rating Scale (Gilliam, 1995) and Autism
Diagnostic Observation Schedule (ADOS: Lord, Risi, Lambrecht, Cook, Leventhal, &
DiLavore, 2000) were also employed. All children had been identified as having age-
appropriate non-verbal cognitive ability. Children were assigned to the HFA group if they
had a history of preschool language delay, and otherwise to the AS group. Children were
excluded if any of the following criteria applied: (1) English was not the child’s first
language and the main language of the home; (2) there was evidence of current hearing loss;
(3) receptive language skills were less than 5 years; (4) there was a major physical disability
or structural abnormality of the vocal tract; or (5) the family had lived in Scotland for less
than 3 years: because prosody varies according to region, this would ensure that all
participants were familiar with the variety used in Edinburgh (southern Scottish English). For
the HFA group, 31 children met the criteria, and 40 for the AS group.

To control for socioeconomic status, typically-developing children were selected from
schools within the same postcode areas as the addresses for the children with ASC. In the
HFA study there were 72 typically-developing children, who completed the Jorosody tasks
and a test of receptive vocabulary, the British Picture Vocabulary Scales, 2" Edition (BPVS-
I1: Dunn, Dunn, Whetton, & Burley, 1997). This test was used as a measure of lexical mental
age (LMA), following Tager-Flusberg (2000). In the AS study, the control group, who
completed the same tasks as the HFA controls, consisted of 47 typically-developing children.
From these, it was possible to select similar numbers of children for two control groups each,
matched on LMA and on chronological age. As previously stated, we were interested in the
development of prosody in lexically matched groups, but we also wished to compare prosodic
skills between children matched for chronological age, because in social situations
comparisons are made between children of the same age. There were therefore four groups,
not mutually exclusive, of typically-developing participants: two for participants with HFA,
one (TD-CM1) matched as closely as possible on age, the other (TD-LM1) matched on
lexical mental age; and the other two (TD-CM2 and TD-LMZ2), similarly matched with the
AS group. The exclusion criteria for the typically developing children were the same as for
those with ASC, with the addition that none of the children had a history of speech, language
or cognitive delay. Details of participants are shown in Table 1.

Group n Sex (Male/female Mean Age Mean VMA (range)
ratio) (range)

HFA 31 24[7 9.8 (6.08-13.67) | 7.1(4.3-12.83)

AS 40 34/6 9.4 (5.83-13.67) | 9.6 (5.17-17.00)

TD-CM1 31 26/5 9.8 (6.17-13.83) | 10.4 (7.33-16.17)

TD-VM1 |31 |25/6 6.6 (4.83-11.25) | 7.2 (4.58-12.83)

TD-CM2 40 35/5 9.4 (5.83-13.83) | 10.2 (6.00-16.17)

TD-VM?2 40 36/4 8.9 (4.92-17.42) | 9.6 (5.42-17.00)

Table 1. Details of sex, age and verbal mental age (VMA) for participants with: high
functioning autism (HFA); Asperger syndrome (AS); typical development matched with HFA
on chronological age (TD-CMI); typical development matched with HFA on VMA (TD-



VMI); typical development matched with AS on chronological age (TD-CM2); and typical

development matched with AS on VMA (TD-VM2).

2.2 Procedures

A qualified speech and language therapist experienced in testing children with ASC
interviewed the children and scored the assessments. The tests were carried out in one-to-one
settings in accordance with the relevant manual instructions and in a suitable location such as
a quiet room in a pediatric speech and language therapy clinic, a school or the child’s home.
According to the child’s needs or wishes, a parent or carer was also present.

2.2.1 Lexical mental age and non-verbal ability

To establish LMA in all participants we used the BPVS-I1I, which is standardised and
has been used as such a measure in other studies of children with ASC (e.g. Baron-Cohen,
Leslie, & Frith, 1985; Thurber & Tager-Flusberg, 1993; Tager-Flusberg, 2000). Non-verbal
ability was evaluated using the Raven’s Coloured Matrices and Progressive Matrices (RM:
Raven, Court, & Raven, 1986).

2.2.2. Expressive prosody tasks

The non-standardised PEPS-C (Peppé & McCann, 2003) was designed to assess ability
in using and understanding the major functions of prosody in speech. In this study, we
assessed both receptive and expressive skills, of which expressive skills are relevant to this
topic: tasks addressing these are described in Table 2.

Task Name

Example

Description

Turn-end
Expression

Picture of carrots on screen, either
being offered or being read from a
book

Producing single words with
intonation suggesting either
questioning or stating.

Affect Picture of carrots on screen. Producing affective intonation to
Expression | Response: suggest either liking or disliking on
“Carrots!” (I like them) or single words. Testee’s opinion verified
“Carrots...” (I don’t like them). by subsequent indicating relevant face
Pictures are followed by a smiling
face and a glum face, to indicate
liking and disliking.
Chunking Sock items: picture of pink socks Producing prosodic phrase boundaries
Expression | and black&green socks, or of in phrases similar to those in the

pink&black socks and green socks.
Food items: pictures of fruit, salad
and milk or of fruit-salad and milk.

example, from picture stimuli.

Contrastive

Cue: “Now the red cow has the

Production of contrastive stress:

Stress ball...” stressing the word to be corrected.
Expression | Response: “No, the red SHEEP has

it”; or:

Cue: “The white cow has it” :

Response: “No, the BLACK cow

has it”.
Short-item | Recording of “Carrots” etc. taken Imitation of intonation: testees say

from Affect and Turn end receptive

what they hear and copy exactly the




Imitation tasks way it is said

Long-item | Recording of “fish, fingers and Imitation of intonation: testees say
Imitation fruit” etc. taken from Chunking and | what they hear and copy exactly the
Contrastive Stress receptive tasks | way it is said

Table 2. Details of PEPS-C expressive tasks, including task names, an illustration of each
task and a description of each task.

Four of the six prosody tasks assess communicative functions: Turn end (the ability to
signal whether a conversational turn is ending as a question or a statement), Affect (the
expression of liking and disliking by means of intonation and voice quality), Chunking
(verbal phrasing) and Contrastive Stress (emphasis, i.e., indicating the most important word
in an utterance). The remaining two tasks involve imitation: to discover whether testees have
a prosodic repertoire adequate to convey these distinctions, they listen to words (short items)
and phrases (long items), and imitate what they hear, copying the way they are said. Imitation
task stimuli are a representative sample of those used in the function receptive tasks, in which
prosody varies to convey distinct meanings. The function tasks will therefore give a broad
picture of the ability of children with ASC to use prosody for communicative function, while
the imitation tasks will give an idea of whether any of the children lack any prosodic forms or
features necessary for the successful use of prosody. Although we obtained the tester’s own
opinion as to whether a participant’s prosody sounded atypical, none of the PEPS-C tasks
directly assesses whether a speaker’s prosody in general is perceived to be atypical: for this
we conducted a perception experiment involving multiple judgments, described in a separate
paper (Peppé, Cleland, Gibbon, O’Hare, Martinez-Castilla, & Lickley, in preparation).

A vocabulary check at the start of the test ensured that testees were familiar with the
items and would use the expected labels for the pictures. Task items were presented in
random order and the tester, sitting out of sight of the screen, made judgments about what the
testee was describing by means of a customised keypad connected to the computer. The
general instruction for functional expressive tasks was that testees were to say what they saw
on the screen. Procedures were first demonstrated by two examples without prosody being
modelled. Two practice items ensured that the testee understood the task. Non-practice items
were scored as right, wrong or ambiguous for the function tasks: both wrong and ambiguous
attracted a score of 0, right a score of 1. For the imitation tasks, items were scored as good (1
point) fair (half a point) or poor (0). All responses were judged by at least two raters, and
scoring reliability was calculated using 10% of samples and Cohen’s kappa; the means for
intra-rater and inter-rater reliability were acceptable at .91 and .82 respectively.

2.2.3 Expressive language tasks

The expressive subtests from the Clinical Evaluation of Language Fundamentals
(Clinical Evaluation of Language Fundamentals: CELF-3"¥; Semel, Wiig, & Secord, 2000)
were used to assess expressive language skills. Raw scores were used for comparison with
results from the non-standardised prosody test.

2.2.4 Statistical analysis

Analysis took the form of t-tests for comparing chronological age, non-verbal ability
(Raven’s Matrices) LMA as determined by the BPVS-I1 age-equivalent scores, and CELF
scores. Raw scores and non-parametric (Mann-Whitney) tests were used for comparing
scores from the unstandardised PEPS-C, which tended to be non-normally distributed. A p
level of <0.05 was taken as significant.



3. Results

3.1 Chronological age, lexical mental age and non-verbal ability
The analysis of chronological and lexical mental age differences between the groups

can be seen in Table 3.

Participant groups

Chronological age

Verbal mental age

HFA and AS ns: t(69) = .724, t(69) = 4.23,
p.471 p <0.001***
HFA and TD-CM1 ns: t(60) =.022, t(60) = 5.98,
p =.983 p <0.001***
HFA and TD-VM1 t(60) = 6.17, ns: t(60) = .142,
p <0.001*** p =.887

AS and TD-CM2

ns: t(78) = .045,
p .964

ns: t(78) = . 964,
p .340

AS and TD-VM2

ns: t(78) =.907,
p .367

ns: t(78) = .009,
p .993

TD-CM1 and TD-VM1

{(60) = 6.15,
p < 0.001%**

t(60) = 5.93,
p < 0.001%%*

TD-CM2 and TD-VM2

ns: t(78) = .944,
p .348

ns: t(78) = .955,
p .343

Table 3. Summary of statistical differences in chronological age and verbal mental age
(VMA) for participants in groups: high functioning autism (HFA) and Asperger syndrome
(AS); HFA and typical development matched on chronological age with HFA group (TD-
CMI); HFA and typical development matched on VMA with HFA group (TD-VMI); AS and
typical development matched on chronological age with AS group (TD-CM2); AS and
typical development matched on VMA with AS group (TD-VM2); TD-CM1 and TD-VML1,;
and TD-CM2 and TD-VM2.

There was no significant difference in chronological age between the two ASC groups (HFA
and AS), but there was a highly significant difference between them in LMA (t(67.81) = 4.44,
p <.001), with the AS group (mean 9.6) higher than the HFA group (mean 7.1). There were
also, as expected, no significant differences of chronological age between the groups selected
to match on age, i.e. HFA and TD-CM1, AS and TD-CM2, nor of LMA between the groups
selected to match on that measure, i.e. HFA and TD-LM1, AS and TD-LMZ2.) There were
highly significant differences between groups as follows:
e LMA lower in the HFA group (mean 7.1) compared to their typically-developing
chronological matches, the TD-CM1 (mean 10.4): t(60) = 5.98, p < 0.001;
e chronological age higher in the HFA group (mean 9.4) compared to their typically-
developing lexical matches (TD-LM1) (mean 6.6): t(60) = 6.17, p < 0.001;
e chronological age between the two typically-developing groups matching the HFA
group: TD-CM1 higher (mean 9.8) than TD-LM1 (mean 6.6): t(60) = 6.15, p < 0.001;
e LMA between the same two groups: TD-CM1 higher, mean 10.4, than TD-LM1
(mean 7.2,): t(60) = 5.93, p < 0.001.
No such differences were found for the AS group and their controls (TD-CM2 and TD-LM2).
All children with ASC scored within the normal range on the Raven’s Matrices test
for non-verbal ability, but there was a highly significant difference on this test between the



two groups (t(67) = 5.114, p <.001). There was, however, no significant correlation between
expressive prosody scores and non-verbal scores for either group (p > .05).

3.2 Prosodic ability

It should be noted that the competence level for the PEPS-C tasks is set at a score of
12 (75%): this apparently high level targets a particular feature of the test, that if a child uses
a prosodically unvarying response, it is possible that this might convey what could be judged
as a correct response in 50% of the task-items. For example, a child with no notion of
intonation as either questioning or stating might use the same rising intonation for all
responses (as tended to happen significantly more in the HFA group than in a TD group
matched for LMA (VMA): Peppé et al., 2007). This would be judged appropriate for all those
responses (50%) that were intended to sound questioning, but a score of 50% must in such a
case be judged to have been obtained by chance. Such chance success could not however
occur in more than 50% of the items, hence the 75% competence level. Scores <12 are
therefore below competence level.

Mean raw scores are shown in Figures 1 and 2. Overall expressive prosodic ability is
reduced in both ASC groups, with scores always lower than those of control children.

3.2.1 HFA: control comparison

The HFA group scored significantly lower than LMA-matched children on four
expressive prosody tasks: Contrastive Stress (U = 156.5, p <.001), Long-item Imitation
(U=202, p <.001), Short-item Imitation (U=310, p <.025) and Affect (U= 314.5, p =.029).

This group’s performance was highly significantly lower than age-matched controls
on all tasks, most at the <.001 level (Long-item Imitation: U=57; Short-item Imitation:
U=120; Contrastive Stress: U=125.5; Affect: U=176.5 and Turn End: U=223.5; ;) only in the
Chunking task is the difference at the less significant .01 level (p = .011, U=290.5). Figure 1
shows a comparison of mean raw scores on prosody tasks from the HFA group and the two
TD control groups.

mHFA mTD-VM1 OTD-CM1
16.0

140 ]
120
10.0
8.0
6.0

4.0

0.0

Turn end Affect Short Chunking Contrastive Long
Imitation Stress Imitation

Figure 1. Average expressive prosody scores from PEPS-C for participants with high
functioning autism (HFA); typical development matched with HFA on verbal mental age
(TD-VMI); and typical development matched with HFA on chronological age (TD-CM1).



3.2.2 AS: control comparison

When comparing AS group prosody scores with those of LMA-matched children,
Mann-Whitney tests showed only one significant difference: poorer performance in the AS
group on Long-item Imitation (U = 501.5, p =.003).

When matching for chronological age, the differences are greater. The AS group
perform worse on three tasks: on Long-item Imitation (U = 392, p <.001), Short-item
Imitation (U = 548.5, p = .013), and Chunking (U =592.5, p =.043). Mean raw scores on
prosody tasks for the AS groups and their two TD control groups are illustrated in Figure 2

- As = TO-VM2 aTD-CM2
16.0

Turn end Affect Short Chunking Contrastive Long
1 s

Figure 2. Average expressive prosody scores from PEPS-C for participants with Asperger
syndrome (AS); typical development matched with AS on verbal mental age (TD-VM2); and
typical development matched with AS on chronological age (TD-CM2).

3.2.3 AS: HFA group comparison

Mann-Whitney tests showed differences between the two ASC groups as significant
on five out of six tasks (all except Chunking): Affect (U= 230.5, p <.001), Long-item
Imitation (U= 232, p < .001), Contrastive Stress (U= 267, p <.001), Short-item Imitation
(U=297, p <.001) and Turn End (U= 402.5, p =.018), HFA < AS in all cases. The
differences on the Chunking task were non-significant (U= 484, p =.162), with the AS group
producing slightly higher scores.

3.3 Expressive language ability

Although the children with AS had no history of preschool language delay, this did
not guarantee normal expressive language skills at school age. Out of the 40 children in the
AS group, 14 scored <85 on the CELF, thus outside the normal range, of whom 9 scored
<77.5, i.e. more than 1.5 standard deviations (SDs) below, and of these, 2 participants scored
<70 (more than 2 SDs below). In the HFA group, two did not complete the CELF tasks, and
one of these completed no expressive prosody tasks, despite being verbal. Of the remaining
29 participants, 26 scored <77.5, of whom18 scored <70, but as previously indicated, specific
comparisons between the ASC groups and the TD groups on the CELF tasks are not available
because the CELF tasks were not conducted with the typically-developing children in this
study. Scores by the two ASC groups on the CELF tasks are shown in Table 4, with standard
deviations to indicate what percentages of the groups fall outwith the normal range.

Group | mean range mean age- range | 1SD 15SD |2SD
standard SS equivalent | AE below | below | below
score (SS) (AE) mean mean mean

HFA 70.72 64-95 5.7 4-11 | 89.7% | 89.7% 62.1%

AS 95.23 61-135 8.7 5-19 35% 25% 5%




Table 4. Scores on the Clinical Evaluation of Language Fundamentals (CELF-3"%) for
participants with high functioning autism (HFA) and Asperger syndrome (AS).

3.3.1 AS:HFA prosody and language skill comparison

On the CELF scores, there is a highly significant difference between the two ASC
groups: (t(67) = 6, p <.001), HFA < AS. On the BPVS-II scores, as already mentioned, this is
also the case (t(67.81) = 4.44, p <.001). Pearson’s correlations between individual prosody
tasks and CELF scores are highly significant on two tasks for the HFA group: Turn End (r
=.678, p = .003) and Contrastive Stress (r =.541, p = .004). There are more correlations
between prosody and expressive language scores in the AS group than in the HFA group: on
Turn End (r =.475, p =.002) and Contrastive Stress (r = .366, p =.02), as in the HFA group,
but also (in the AS group) for Short-item Imitation (.368, p =.02), Chunking (.523, p =.001)
and Long-item Imitation (.375, p =.017)

4. Discussion

Previous research (e.g. Wells, Peppé, & Goulandris, 2004; Cruttenden, 1985) has
established that prosodic development continues during the school years, which accounts for
scores at less than competence level on some prosody tasks in the younger (TD-LM1) control
group. There was, however, no significant difference between the ages of the two ASC
groups, and they could be expected to be at a similar maturational stage; the relative
impairment in prosody skills cannot therefore be attributed to their age. While it is of clinical
and linguistic interest that there is a discrepancy between the prosody skills of children with
ASC and lexically-matched controls, the comparisons between chronological matched groups
are more interesting for their social implications, since atypical prosodic ability is likely to
relate to what is expected for the children’s chronological age. The lack of correlation
between scores on the non-verbal ability test and on the prosody tasks in both groups
suggests that non-verbal ability, although higher in the AS group, appears not to be a factor
influencing expressive prosodic ability.

The comparison of language ability in the various groups of participants is interesting
from the point of view of communication impairment in ASC, generally deemed a core
characteristic of the condition (Wing & Gould, 1979). We expected, and found, highly
significant differences between the HFA group and their age-matched controls (TD-CM1) on
both receptive vocabulary and expressive linguistic skills (in that a large majority of the HFA
group, 26 out of 31, scored below the normal range for CELF scores). On the other hand,
according to the ICD-10 (WHO, 1993) and DSM-IV (American Psychiatric Society, 1994),
impairment in language is not typical of AS, but for our AS group the picture was mixed.
There was a lack of significant difference in receptive vocabulary between the AS group and
age-matched controls (TD-CM2), but about a third of the participants with AS scored below
the normal range for expressive language skills. This result is at odds with the findings of
Szatmari et al. (2009) that there is an absence of structural language impairment in AS: their
study is however not strictly comparable with the study discussed here, as they used different
diagnostic criteria. Nevertheless, in our study the two experimental groups differed
significantly on both receptive vocabulary and expressive language skills (with higher scores
by the AS group). As Szatmari et al (2009) suggest, both ASC groups may follow a similar
trajectory in linguistic development, but our study also suggests real between-group
differences in stages of maturation of language skills. The implications for the study of
children with ASC are that where aspects of language and communication are concerned,
participants should be distinguished as to whether they have AS or an ASC with more severe
language impairment, whereas many studies concerning communication in ASC show no



differences on language measures between participants with ASC and TD controls (e.g. Paul
et al, 2005; Diehl, Watson, Bennetto, McDonough & Gunlogson, 2009; Grossman, Bemis,
Plesa Skwerer & Tager-Flusberg, 2010).

Mean prosody scores of the AS group are higher than for the HFA group, and there is
a wider gap between the HFA group and their TD peers than for the AS group. However, the
highly significant difference between the two groups on the CELF scores and the good
correlation between the CELF and many prosody scores (particularly in the AS group)
suggest that poorer language ability may well explain at least some of the poor prosodic
performance of the children with ASC. Assessment of prosodic ability thus confirms and
amplifies the diagnosis of poor language skills. Some of the prosodic impairment is not
explained by poor language, however: for example, HFA scores were significantly lower than
those of the LMA-matched TD group on the prosodic expression of Affect task, and these
scores do not correlate with the same children’s CELF scores. This could indicate an atypical
trajectory for prosodic development, at least in the HFA group.

4.1 Communicative effectiveness in HFA and AS groups

The prosody scores suggest that imitation of prosody is poor in both ASC groups.
This is consistent with the findings of other studies (e.g. Williams, Whiten, Suddendorff, &
Perrett, 2001) that children with ASC have difficulty in executing imitation tasks. It has
however been noted (anecdotally) that children with ASC can adopt the accent and speech
mannerisms of characters in videos with great accuracy. Our results may therefore owe
something to the fact that we presented imitation as a formal task, i.e. asked participants to
imitate utterances apparently purposelessly and in a non-spontaneous way, although this
appears to cause no problem for the TD groups. The ability to imitate prosody is, however,
not crucial to the functionality of prosody. Some of the children showed a mildly restricted
repertoire, e.g. lacking a fall-rise tone or having very narrow pitch-span; some showed a
tendency to use the same intonation contour repeatedly.

Chunking, or prosodic phrasing, is below competence level in both ASC groups, and
relatively impaired compared with typically-developing children (especially age-matched
controls). Deficit in this skill suggests that listeners may be unclear as to how speech is
phrased within a conversational turn, e.g. whether a word is a separate item or describing
another; on the whole, context and semantics will ensure that the message is not misleading
or unintelligible, but poor chunking prosody is likely to hinder processing; results suggest
that this is not likely to be a major problem in ASC. Closer analysis of responses suggests
that the most frequent atypical prosodic exponent was a failure to lengthen final syllables to
indicate the end of a chunk; final-syllable lengthening has been established as a feature of
prosodic delimitation (dePijper & Sanderman, 1994; Sanderman & Collier, 1997).

The Contrastive Stress task assesses the aspect of prosody that has been noted as
atypical in earlier studies (Shriberg et al, 2001, Baltaxe & Guthrie, 1987). Contrastive stress
involves greater acoustic prominence, and signals that a particular word is the most important
in an utterance: typically, it falls on a “new’ word, one that has not been recently uttered
either by speaker or interlocutor. An utterance will sound odd if the new word is deaccented
and stress falls instead on a “given’ one, but intelligibility is likely to be affected only if this
switch in expected stress-placement is accompanied by so little prominence on the new item
that it is inaudible; the problem here is therefore more likely to be a matter of sounding
atypical than of being misleading. The contrastive stress task attracts the lowest expressive
mean score in the HFA group, whereas it appears to be one of the earliest acquired prosodic
skills in typically developing children (Wells, Peppé & Goulandris, 2004). In the AS group,
however, the mean score is above the competence level and not significantly different from
the TD group scores. Baltaxe and Guthrie (1987) found a tendency in children with ASC to



shift the stress towards the beginning of utterances, and this was borne out in our HFA study
(Peppé et al., 2007). In the AS study, we found less of this tendency, with ambiguous
responses comprising the bulk of errors (62.2%), then utterances where the stress was placed
on the second item rather than the first (21.9%) and stress shifted on to the first item in
15.8%.

Children with ASC are typically said to display little emotion in their voices; this
feature was suggested originally by Kanner (1943) and often anecdotally since, but see
Hubbard and Trauner (2007) for acoustic analysis showing complex differences by
comparison with controls. The Affect scores in the HFA group suggest inaccurate or
ambiguous renditions of emotion. Clearly it is communicatively disadvantageous to have
one’s feelings misinterpreted, even if this is more a paralinguistic than a strictly linguistic or
functional use of prosody. As with the Contrastive Stress scores, however, there is a big
significant difference between the two ASC groups on the Affect scores, suggesting that the
AS group is likely to be less misleading or ambiguous in this respect.

The Turn End task scores show the HFA group below competence and the AS group
having achieved it. An “error’ in the intonation of a question or a statement will, however,
often be resolved in practice by context and semantics (as with chunking prosody), and the
consequences of such errors are more that listeners may have to adjust their interpretations,
rather as necessitated by the recent trend to ‘uptalk’, or high-rising terminals (Cruttenden,
1995), than that there is a misunderstanding.

5. Conclusion

Our findings suggest that the prosody of children with ASCs may be confusing for
listeners: broadly speaking, children with Asperger's syndrome have this problem to a lesser
degree than children with HFA. Children with HFA scored poorly on all the prosody tasks,
suggesting that their speaking intentions could well be misinterpreted or hard to understand.
By contrast, children with Asperger's syndrome, compared with age-matched typically-
developing participants, have fewer problems: they show difficulty with verbal phrasing and
punctuation, as indicated by their scores on the Chunking task, and also with the imitation
tasks: if impaired imitation is a core deficit in ASC, then a difficulty in imitating prosody
may be an obstacle to learning prosody in the first place.  Differences between the ASC
groups and the TD groups were more pronounced when comparing them on chronological
rather than lexical age, suggesting that prosody skills may lag in maturity in both HFA and
Asperger's syndrome and contribute to social difficulties. Since prosody is an aspect of
language, it was likely that language impairment would account for differences of prosodic
ability. However, the fact that children with ASC, particularly the HFA group, perform worse
than their lexically-matched TD peer groups on some aspects of prosody indicates that factors
other than language skills are at work, and the lack of correlation between some prosody
scores and the expressive language task supports this. Our data does not however allow direct
comparison between prosodic and expressive linguistic skills in the TD groups, because these
children did not complete the CELF tasks. We can say that prosody skills appear to be
associated with ‘functioning levels' in autism but have not enough information to conclude
whether this is due to the linguistic aspect of prosody or to other aspects of prosody (e.g.
Theory of Mind). If the difference were due only to language impairment then we would
expect other children with language disorders, e.g. specific language impairment (SLI), to
show prosodic impairments; but atypical expressive prosody is not usually observed as a
feature of specific language impairment. In this respect, however, the overlap between ASC
and specific language impairment should be borne in mind (e.g. Bishop & Norbury, 2002). A
further study investigating children with specific language impairment using the same test
battery would indicate whether such atypical prosody was characteristic of language



impairment or peculiar to ASC. A recent study using some of the PEPS-C subtests concluded
that prosody was not a core impairment in these children (Marshall, Harcourt-Brown, Ramus,
& van der Lely, 2009), with children with specific language impairment and/or dyslexia
having no difficulty imitating prosody. However, a further study of children with specific
language impairment using the full PEPS-C battery could be revealing.

Our finding that a large proportion of the children, especially in the HFA group,
showed prosodic impairment has implications both for clinical intervention and for diagnosis.
With regard to intervention, our findings strengthen the case for intervention targeting the
prosodic ability of people with ASC. With regard to diagnosis, since there appeared to be
some prosodic impairment independent of language ability, it is possible that atypical
prosody might be a contributing diagnostic factor in ASC. It is interesting to note that a
measure of atypical prosody is included in the ADOS assessment, but because the variability
in examiners’ judgments is too great it is not actually incorporated into the diagnostic
algorithm (LeCouteur, personal communication). It might, however, be possible to amend the
measure according to the methodology used here and achieve better agreement. This presents
a possibility for future research, with the aim of producing a measure that would help to
differentiate between levels of ability in high-functioning individuals with ASC.
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