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ABSTRACT

Purpose: According to the speech attunement framework, autistic individuals lack
the ability and/or motivation to “tune up” their speech to the same level of preci-
sion as their neurotypical peers. However, previous studies exploring the articula-
tory patterns of autistic individuals have yielded disparate findings. One reason
contrasting conclusions exist may be because studies have relied on perceptual
measures of articulation. Here, we use an objective acoustic measure of articula-
tory precision to explore the articulatory patterns of autistic children and adults.
Method: This was a retrospective analysis of an existing corpus of 900
recorded speech samples taken from 30 adult and 30 child participants across
two different population groups: autistic individuals (autism spectrum disorder
[ASD] group) and neurotypical individuals (neurotypical [NT] group). Articulatory
precision scores were calculated using an automated metric that compares
observed acoustics to the expected acoustics for each phoneme production.
Linear mixed-effects models were used to compare the articulatory precision
scores across population group (i.e., ASD group vs. NT group) and to see if
these differences were moderated by age group (i.e., children vs. adult).
Results: The speech of autistic individuals was characterized by reduced articu-
latory precision relative to their neurotypical peers. This pattern was not signifi-
cantly moderated by age, indicating it occurred in both the children and adult
groups.

Conclusions: Our preliminary findings indicate that imprecise articulation may
be a characteristic of the speech of autistic individuals in both childhood and
adulthood. These findings are in line with predictions posited by the speech
attunement framework. Given the current lack of speech markers for this clinical
population and the importance of speech quality in the social integration of
autistic individuals, our results advance articulatory precision as a viable and
important target for future research

From its earliest descriptions, atypical speech has
been identified as a common characteristic of autism spec-
trum disorder (ASD). Perceptually, differences in the
speech of autistic' individuals are readily apparent. For
example, blinded listeners have rated autistic individuals
as sounding more atypical than their neurotypical peers
(Nadig & Shaw, 2012; Redford et al., 2018), even when
audio samples were linguistically identical (Filipe et al.,
2014). Such disparities are not without their consequences.
Several studies found that, after listening to speech

samples, research participants perceived autistic individ-
uals as being less likable (Redford et al., 2018) and more
awkward (Bone et al., 2015; Grossman, 2015) than neuro-
typical individuals. Furthermore, these negative percep-
tions occurred even when samples were identical in con-
tent or when extraneous factors such as linguistic ability
and IQ were controlled. In a study by Sasson et al.
(2017), participants not only indicated more negative first
impressions of autistic than neurotypical individuals but
also indicated that these impressions would likely affect
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their behavior toward that person (i.e., they would be less
likely to live near or spend time with that person). Fur-
thermore, this pattern was not present when participants
were asked to make judgments based solely on written
transcripts of the same speech samples, indicating that
participants largely based their judgments on speech pro-
duction rather than linguistic content.

Given the perceptual abnormalities and associated
negative consequences, documenting the speech behaviors
of autistic individuals is important. Such information can
be used to improve our theoretical understanding of the
ASD phenotype, identify markers of ASD to supplement
existing diagnostic tools, and, where appropriate, develop
effective treatment approaches. However, although there
is a general consensus that the speech of autistic individ-
uals sounds atypical, research regarding what is actually
driving these perceptual differences is much less clear.
Subjectively, the speech of autistic individuals has been
described as too monotone, too singsongy, too loud, too
quiet, too fast, and too slow (e.g., Goldfarb et al., 1972;
Nadig & Shaw, 2012; Patel et al., 2020; Shriberg et al.,
2011). Objective acoustic measures have also yielded dis-
parate findings with more studies showing nonsignificant
than significant results. For example, though some studies
indicate higher fundamental frequency in autistic individ-
uals relative to neurotypical peers (e.g., Kissine &
Geelhand, 2019; Sharda et al., 2010), many do not (e.g.,
Depape et al., 2012; Diehl et al., 2009; Grossman et al.,
2010). Similar inconsistencies can be observed in studies
of intensity (e.g., Diehl & Paul, 2012; Hubbard & Trauner,
2007; Ochi et al, 2019) and speech rate (e.g., Bonneh
et al., 2011; Dahlgren et al., 2018; Nadig & Shaw, 2012).
In their systematic review of 45 studies examining acoustic
speech characteristics of autistic individuals, Fusaroli et al.
(2017) concluded that the cause of the abnormal perceptual
quality is still unclear and cannot be fully explained by any
of these previously studied features.

One area that may contribute to the unusual percep-
tual quality in the speech of autistic individuals is that
of articulation. In the speech attunement framework,
Shriberg et al. (2011) posit that enhanced auditory percep-
tual abilities (e.g., Jarvinen-Pasley et al., 2008; Mottron
et al., 2006) allow verbal autistic individuals to “tune in”
to the speech models around them, enabling relatively
intact speech abilities. However, they lack the motivation
and/or ability to “tune up” their speech to the level of pre-
cision exhibited by neurotypical individuals. Empirical
research to support this is, however, disparate. Although
some studies suggest that atypical articulatory patterns are
present in the speech of autistic individuals (e.g., Cleland
et al., 2010; Shriberg et al., 2001), others suggest that their
articulatory skills are relatively spared (e.g., Kjelgaard &
Tager-Flusberg, 2001; McCann et al., 2007). One reason
that contrasting conclusions exist may be due to the

heterogeneity of this population (e.g., Masi et al., 2017) in
conjunction with differences in inclusion and exclusion cri-
teria between studies. For example, although some studies
only consider individuals with high functioning autism
(e.g., Shriberg et al., 2001), others employ less strict inclu-
sion criteria (e.g., Kjelgaard & Tager-Flusberg, 2001).
Another reason for these discrepancies may be that the
majority of studies has relied on perceptual measures of
articulation. For example, a standardized perceptual artic-
ulation assessment, such as the Goldman-Fristoe Test of
Articulation (Goldman & Fristoe, 1986), may be adminis-
tered, or the percentage of consonants (or phonemes) iden-
tified as perceptually correct may be calculated. Within
these types of assessments, speech sound errors are identi-
fied using phonetic transcriptions; however, such methods
have been shown to yield poor reliability (Kent, 1996).
Even in instances where reliability is strong, if autistic
individuals are simply lacking the mechanisms to “tune
up” their speech, subtle abnormalities may not be cap-
tured by the binary categorization of speech sounds as
correct or incorrect. That is, speech sounds of autistic indi-
viduals may be close enough to the intended target to be
classified as a correct production while still being less pre-
cise than productions of neurotypical individuals, leading
to subtle but acoustically and perceptually noticeable dif-
ferences. In their review of articulation in the speech of
autistic individuals, McKeever et al. (2019) noted the
“inconsistent and reduced specificity of the perceptual
measurements used across studies” and suggested the need
for finer-grained techniques to more fully understand
articulatory deficits within this population. In order to
combat these limitations, the purpose of this initial study
is to explore the articulatory patterns of autistic individ-
uals using an objective and holistic measure of articulation
focused specifically on articulatory precision. Defined by
Stegmann et al. (2020, p. 132) as “the match between
expected and observed acoustic features for each pho-
neme,” articulatory precision (by this definition) represents
a gestalt metric of speech that accounts for both overt
speech sound errors (i.e., substitutions and deletions) and
more subtle deviations from production norms. To quan-
tify articulatory precision, we use an automated measure,
which, though relatively novel, is strongly correlated with
intelligibility and has been used and validated in studies
examining the speech of clinical populations (Borrie et al.,
2020, 2022). Importantly, this measure offers several
advantages over more commonly used measures of articu-
lation such as standardized articulation assessments or cal-
culation of percent consonants correct. First, this measure
is nonbinary. Rather than dichotomize speech sounds as
correct or incorrect, articulation is quantified across a con-
tinuum, allowing for a more nuanced consideration of
articulation. In addition, this measure objectively quan-
tifies acoustic data, increasing the overall reliability of

Wynn et al.: Articulatory Precision in Autism Spectrum Disorder 1417

Downloaded from: https://pubs.asha.org 73.65.191.32 on 04/05/2022, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



assessment. A final benefit of examining articulatory pre-
cision is that it provides an objective method for exploring
subjective differences noted in this population. Redford
et al. (2018) found that listeners rated the speech of autis-
tic children as less clear and less articulate than neurotypi-
cal children. Furthermore, these perceptual ratings were
strong predictors of novel listener ratings of likability, as
well as judgments regarding whether the speaker was “dis-
ordered” or “typical.” Thus, using a measure that specifi-
cally examines the “clarity” or “articulateness” of speech
may provide objective data to support existing subjective
evidence of the role of precision in the unique speech qual-
ity in this clinical population. Because symptoms of ASD
often manifest themselves differently in childhood and
adulthood (e.g., Matthews et al., 2015; Seltzer et al.,
2003), we examine these patterns in two age groups: chil-
dren (ages 6-14 years) and adults (ages 20-40 years). Spe-
cifically, we perform a retrospective analysis of an existing
corpus of 900 speech samples from 60 participants (Wynn
et al., 2018) to address the following two research ques-
tions: (a) Are there differences in an objective measure of
articulatory precision between autistic individuals and
their neurotypical peers (i.e., ASD group vs. neurotypical
group [NT group])? (b) Are these differences moderated
by age group (i.e., children vs. adults)? Based on the
speech attunement framework (Shriberg et al., 2011), we
hypothesize that autistic individuals will display less pre-
cise speech than neurotypical individuals in both the chil-
dren and the adult groups.

Method
Overview

To compare the articulatory precision of neurotypi-
cal and autistic children and adults, we carried out a ret-
rospective analysis of an existing corpus of 900 recorded
speech samples collected and described in detail in Wynn
et al. (2018). The speech samples were elicited from 30
adult and 30 child participants across two different popu-
lation groups: neurotypical individuals (NT group) and
autistic individuals (ASD group). This study was carried
out with ethical approval from the institutional review
board at Utah State University. Further details are
described under appropriate subheadings below.

Participants

Participants included 60 participants: 15 neurotypi-
cal children, 15 autistic children, 15 neurotypical adults,
and 15 autistic adults. All participants were native speakers
of American English. Additionally, participants had no
hearing impairment by parent or self-report. Children in

both the NT and ASD groups were between the ages of 6
and 14 years. An independent ¢ test revealed no significant
difference in age between the two groups, #(28) = 0.18, p =
.86, d = 0.07. Adults in the two population groups were
between the ages of 20 and 40 years. Mean and standard
deviation for age and gender of the participants are
reported for each group in Table 1.

NT Group

Children in the NT group had no developmental
delays or learning disabilities according to parent report.
Receptive and expressive language skills were confirmed
as being within normal limits using the Following Direc-
tions and Recalling Sentences subtests of the Clinical
Evaluation of Language Fundamentals—Fifth Edition
(CELF-5; Wiig et al., 2013). The average standard scores
of the neurotypical children were 104.33 on the Following
Directions subtest and 103.73 on the Recalling Sentences
subtest. Adults in the NT group self-reported no develop-
mental delays or learning disabilities. Language skills were
confirmed to be within normal limits via an informal con-
versation with the experimenter.

ASD Group

Children in the ASD group had a parent-reported
medical diagnosis of or educational eligibility for ASD.
Parents of each child participant completed the caregiver
response form from the Children’s Communication
Checklist-Second Edition (Bishop, 2006). Raw scores on
social communication skills (i.e., inappropriate initiation,
scripted language, use of context, and nonverbal commu-
nication) and autistic-like features (i.e., social relations
and interests) were used to find an overall pragmatic
score for each participant. Based on these scores, results
of an independent ¢ test confirmed significant differences
between the neurotypical and autistic children groups on
overall pragmatic functioning, #(28) = 9.81, p < .001, d =
3.58. In order to represent a more heterogeneous group
of autistic individuals, children in this group were not
required to have normal language skills but were
required to demonstrate the ability to follow directions

Table 1. Age means, standard deviations, and ranges, along with
the number of male/female participants reported for each popula-
tion group and age group (n = 15).

Age (years) Gender
Group M SD Range Male Female
NT adults 23.94 1.34 21-25 11 4
ASD adults 28.33 6.12 20-40 10 5
NT children 9.92 2.06 6-14 11 4
ASD children 10.07 2.56 6-14 11 4

Note. NT = neurotypical; ASD = autism spectrum disorder.
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and complete the recording task (i.e., produce descrip-
tions that were free from palilalia, echolalia, or idiosyn-
cratic phrases; produce a description with vocabulary
relating to the picture; and speak for the full 15 s without
excessive delays or inappropriate pausing) through infor-
mal assessment during two practice trials. The average
standard scores of the autistic children were 92.33 on the
Following Directions subtest and 88.66 on the Recalling
Sentences subtest of the CELF-5. Adults in the ASD
group had received a diagnosis of ASD by a licensed
clinical social worker or a clinical mental health coun-
selor no more than 3 years before the experiment and
had an IQ level of 90 or above. As with the child group,
adults with ASD were not required to have language
skills within normal limits but were required to demon-
strate the ability to engage in and complete the speech
elicitation task.

Speech Samples

Fifteen individual speech samples were elicited and
recorded for each participant in the study. During the elic-
itation task, participants were seated in front of a com-
puter and fitted with a wireless headset (Astro A50 Wire-
less System). For each speech sample, participants were
asked to watch a short audiovisual clip of a woman intro-
ducing a picture from a popular children’s book. Due to
the nature of the original study (Wynn et al., 2018),
audiovisual clips were presented randomly at three speeds:
120% (fast), 100% (normal), and 80% (slow) of the origi-
nal speed. Participants were then given 15 s to describe
what they saw in the picture. Verbal descriptions were
audio-recorded via the headset microphone. During the
speech elicitation task, all participants were presented with
the same 15 pictures, but the order of presentation was
randomized. The entire speech elicitation task took
approximately 15 min for participants to complete.

Articulatory Precision Analysis

Each of the 60 participants produced 15 speech sam-
ples, resulting in a data set of 900 audio files. Analysis of

these speech samples to extract articulatory precision
scores involved a series of steps, which can be viewed in
Figure 1. First, using the Praat textgrid function (Boersma
& Weenink, 2018), each speech sample was manually seg-
mented for start/stop boundaries and orthographically
transcribed by research assistants. In instances of misar-
ticulation, orthographic transcription represented the
intended target words rather than the speaker’s actual
speech production (i.e., a speaker’s production of “tat”
would be transcribed as “cat” when referring to a cat in
the picture). Transcriptions included filler words, part-
word repetitions, and whole-word repetitions. However,
nonverbal sounds (i.e., laughing and coughing) were not
transcribed. In order to ensure accuracy of the transcrip-
tion process, all transcripts were checked by a second
research assistant. Disagreements in transcriptions were
then resolved through discussion with a third assistant.
To maintain accuracy of the automated alignment pro-
cess, each 15-s recording was divided at natural breaking
points into segments containing less than 15 words. Seg-
ments were also divided to remove pauses and nonspeech
sounds (e.g., coughing and laughing) greater than 0.5 s.
This process resulted in 4,197 segments for analysis.
Descriptive data regarding the speech samples, including
means and standard deviations for the number of seg-
ments analyzed per utterance and number of words per
segment, for the four groups of participants are shown in
Table 2.

Using the segmented recordings and associated
orthographic transcripts, an automated measure of articu-
latory precision was extracted for each speech segment.
This automated, objective measure, introduced by Tu
et al. (2018) and subsequently used by other researchers
(e.g., Borrie et al., 2022; Lubold et al., 2019; Stegmann
et al., 2020), represents a gestalt measure of articulatory
precision. In this method, phonemic transcripts are aligned
with audio recordings at the phoneme level using a deep
neural network acoustic model. Each phoneme is then
compared to an acoustic counterpart, generated from the
LibriSpeech corpus (Panayotov et al., 2015), a large cor-
pus including 1,000 hr of read speech samples. The auto-
mated measure distills a high-dimensional representation

Figure 1. Schematic of the steps involved in the articulatory precision analysis. Audio recordings are orthographically transcribed and then
automatically aligned at the phoneme level. Phonemes are then compared to a model target to calculate the articulatory precision score.
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Table 2. Number of segments and words in the elicited speech samples, by population group and age group.

NT adults ASD adults NT children ASD children
Variable M SD M SD M SD M SD
Segments per utterance 4.99 0.91 4.56 0.98 4.58 1.00 4.55 0.98
Words per segment 9.15 3.54 7.77 3.85 6.76 3.76 714 3.72

Note. NT = neurotypical; ASD = autism spectrum disorder.

of the speech spectrum (represented by Mel-frequency
cepstral coefficients) into a likelihood ratio, which repre-
sents the similarity between the expected and observed
phoneme. Articulation is more precise in read speech than
in spontaneous speech (Johnson, 2004), and as a result,
the more precise a speech segment is, the more similar it
will be to the speech model created from read speech. A
perfect match between the spontaneous speech phoneme
and the target phoneme results in a score of 0. Negative
scores indicate imprecise articulation; the further the score
is from 0, the less precise that recorded phoneme is as
compared to its target acoustic model. Although there is
no lower limit, scores generally fall between 0 and —4.
The scores for each phoneme are then averaged across
each segment, resulting in one articulatory precision score
per segment.

Statistical Analysis

Linear mixed-effects models were conducted using
the lme4 package in the R statistical environment (Ime4
package Version 1.1-19 and R Version 3.5.2; Bates et al.,
2015; R Development Core Team, 2019). This type of
analysis was used to investigate the effects of population
group (i.e., ASD group vs. NT group) on articulatory pre-
cision scores while controlling for the lack of indepen-
dence in the data due to the repeated measures for each
participant. For the models, the random effects structure
included a random intercept by participant. To address
the first research question, our first model (Model 1) was
used to examine the effect of population on articulatory
precision. In this model, the fixed effects included the
between-participants factor of population. Additionally,
for each segment, stimuli speed (i.e., slow, normal, and
fast), number of words, and age group were included as
fixed effects to control for potential differences in speech
samples brought about by these factors. Thus, the specific
formula for this model was Ilmer(AP ~ group + age +
stimuli speed + number of words + (1 | participant)). To
address the second research question, an additional model
(Model 2) was used to examine age group as a moderating
factor. This model included an interaction between popu-
lation group and age group while controlling for stimuli
speed and number of words. Thus, the specific formula

for this model was Imer(AP ~ group * age + stimuli speed
+ number of words + (1 | participant)).

Results

As illustrated in Figure 2, mean articulatory preci-
sion scores were highest for adults in the NT group (M =
—-1.01), followed by adults in the ASD group (M =
—1.27), children in the NT group (M = —1.29) and chil-
dren in the ASD group (M = —1.54). Results from Model
1 are displayed in Table 3. Addressing our first research
question, our findings showed a significant effect of popu-
lation on articulatory precision (b = 0.22, p = .02). Thus,
when controlling for stimuli speed, number of words, and
age group, autistic individuals spoke less precisely than
neurotypical individuals. Results from Model 2 are dis-
played in Table 4. Addressing our second research ques-
tion, our findings indicated no significant interaction
between population group and age group (b = 0.07, p =
.72). Thus, when controlling for stimuli speed and number

Figure 2. Articulatory precision scores for autistic adults and chil-
dren and neurotypical adults and children. Error bars delineate
+ 1 SEM. ASD = autism spectrum disorder group; NT = neurotypical
group.
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Table 3. Results of fixed effects for Model 1.

Term B SE t P
Intercept -1.67 0.09 -18.56 < .001™
Population group 0.22 0.09 2.34 .02*
Age group -0.19 0.09 -2.04 .05
Stimuli speed (fast) -0.04 0.03 -1.06 .29
Stimuli speed (slow) -0.04 0.03 -1.10 27
Number of words 0.05 0.004 13.49 < .001™

Note. Bold formatting represents the term of interest. SE = stan-
dard error.

*p < .05. **p < .001.

of words, the differences in articulatory precision between
autistic and neurotypical individuals were not moderated
by age group.

Discussion

The purpose of this preliminary study was to investi-
gate the articulatory patterns of autistic individuals using
an acoustic measure of articulatory precision. Data analy-
sis relied on an existing corpus of recorded speech samples
from neurotypical children and adults, and autistic chil-
dren and adults. We hypothesized that the speech of autis-
tic individuals would be less precise than the speech of
their neurotypical peers in both the children and adult
groups. Our results confirmed this hypothesis. The speech
of autistic individuals was characterized by reduced articu-
latory precision relative to their neurotypical peers. Here,
we note that these reductions are representative of all
deviations from expected targets, including possible substi-
tutions, deletions, and distortions. Our findings also indi-
cated that differences between articulatory precision in
neurotypical and autistic individuals were not significantly
moderated by age group—autistic children spoke with less
precision than neurotypical children, and autistic adults
spoke with less precision than neurotypical adults. That
these findings occurred across a heterogeneous group of

Table 4. Results of fixed effects for Model 2.

Term B SE t P
Intercept -1.65 0.10 -16.38 < .001™
Population 0.19 0.13 1.40 A7
Age group -0.23 0.13 -1.70 .09
Stimuli speed (fast) -0.04 0.03 -1.06 .29
Stimuli speed (slow) -0.04 0.03 -1.10 27
Number of words 0.05 0.004 13.50 < .001™
Population x Age 0.07 0.19 0.36 72

Note. Bold formatting represents the term of interest. SE = stan-
dard error.

Hhk

D < .001.

verbal autistic individuals (i.e., children and adults with
limited exclusion criteria) suggests that reduced articula-
tory precision may be a salient speech characteristic exhib-
ited by this population.

Although this is the first study, to our knowledge, to
objectively quantify articulatory precision in the speech of
autistic individuals, our findings are consistent with those
of Redford et al. (2018) in which naive listeners rated the
speech of autistic individuals as being less articulate and
less clear than neurotypical controls. Our findings are also
supported by studies showing evidence of articulatory defi-
cits in many autistic individuals (e.g., Cleland et al., 2010;
Shriberg et al., 2001); however, they contrast other studies
that report the articulatory skills of autistic individuals to
be largely intact (e.g., Kjelgaard & Tager-Flusberg, 2001;
McCann et al., 2007). One possible explanation for this
discrepancy with this study is a difference in measurement
approaches. Here, rather than rely on perceptual assess-
ments that dichotomize speech sounds as correct or incor-
rect, we use an acoustic measure that quantifies articula-
tory production along a continuum from more to less pre-
cise. Thus, our findings, taken with previous research, sug-
gest that autistic individuals do exhibit articulatory abnor-
malities but that these abnormalities may often be subtle
and more completely captured through more sensitive,
objective measurement tools.

Our findings are in line with the speech attunement
framework (Shriberg et al., 2011), which suggests that,
although verbal autistic individuals are able to “tune in”
to the speech of others, they do not “tune up” their speech
to the same level of precision as their neurotypical peers.
Several factors may account for this. In their explanation
of the framework, Shriberg and colleagues suggested the
lack of tuning up to be a result of deficits in social reci-
procity. That is, autistic individuals may lack the social
motivation to attend to the acoustic details of the speech
models in their environment and/or integrate these intrica-
cies into their own speech. Imitation deficits have long
been recognized as a key characteristic of ASD. More par-
ticularly, within the realm of speech, research has shown
that although neurotypical adults adopt acoustic—prosodic
patterns of their partner, autistic individuals do not
(Wynn et al., 2018). Furthermore, there is much evidence
to suggest that imitation deficits may be partially
explained by social reciprocity deficits (Van Etten &
Carver, 2015). For example, one study found that social
reciprocity abilities in autistic children significantly pre-
dicted the degree of imitation in an interactive play con-
text (McDuffie et al., 2007). In another study, neurotypi-
cal and autistic children completed imitation tasks in a
spontaneous social setting and a setting where they were
explicitly instructed to imitate the examiner. Results
showed that autistic children showed significantly less imi-
tation in the spontaneous social condition than when
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explicitly instructed, whereas neurotypical children showed
equal levels of imitation in both conditions (Ingersoll,
2008). Given that speech learning is an inherently social
activity, it is possible that lack of motivation inhibits the
level of imitation needed to acquire and master the more
precise speech exhibited by their neurotypical peers.

Beyond a lack of social motivation, motoric deficits
associated with ASD may also contribute to an inability to
fully tune up to typical levels of articulatory precision.
Recent research has suggested that motoric deficits may be
a core feature of ASD (e.g., Fournier et al., 2010; Mosconi
& Sweeney, 2015), and there is ample evidence of fine
motor and oral motor deficits within this population
(Gernsbacher et al., 2008; Hardan et al., 2003; Sullivan
et al., 2013). As speech production, particularly movements
of the articulators, requires complex motoric coordination
and control, it has been advanced that kinematic deficits
directly contribute to speech irregularities in this popula-
tion (Belmonte et al., 2013; McCleery et al., 2013).
Indeed, poor motoric performance has been associated
with poor speech production in autistic individuals (Mody
et al., 2017; Sullivan et al., 2013), providing evidence that
motoric deficits may be at least partially responsible for
the imprecise articulation evident in this population.

Limitations and Future Directions

We relied on an existing corpus of speech samples
for this preliminary study. There were many ideal aspects
of this corpus, key being the large number of comparable
speech samples produced in a relatively naturalistic and
ecologically valid setting. However, this corpus does pres-
ent a few limitations. For instance, stimuli videos used for
eliciting the speech samples were presented in three differ-
ent speed conditions. Although we controlled for this sta-
tistically and our analysis showed no significant effect of
stimuli speed, future studies examining measures of articu-
latory precision could employ different and varied speech
elicitation methods (e.g., narrative or conversational
tasks). Beyond speech elicitation procedures, participant
factors should also be considered. For instance, larger
sample sizes would allow more detailed analysis of factors
that may affect articulatory differences within the larger
autistic population. Fusaroli (2021) highlighted the impor-
tance of systematically considering individual variation
when investigating acoustic profiles in autistic populations.
Our study broadly investigated the difference been adults
and children, but future research could include additional
assessments (e.g., linguistic and cognitive assessments) and
more specific age ranges to better understand and control
for participant characteristics. Furthermore, research could
explore the relationship between articulatory precision
and gender, linguistic ability, cognitive ability, and clini-
cal features. Additionally, although an ASD diagnosis

was confirmed for all adults in the study, children were
placed in the ASD group based on parental report of
diagnosis or educational eligibility. Future studies should
include more rigorous confirmation of ASD diagnosis
using standardized assessment tools such as the Autism
Diagnostic Observation Schedule (Lord et al., 2012).

Additionally, although this study provides quantita-
tive data regarding articulatory deviations in the speech of
autistic individuals, it does not give specific information
regarding the types of errors (e.g., phonemic distortions
vs. phonological substitutions), nor does it offer informa-
tion regarding the underlying causes of these errors. While
providing this type of information was not the purpose of
this study, utilizing an objective measure of articulatory
precision within investigations of these areas may be effi-
cacious. Additional work could also focus on the potential
clinical implications of articulatory precision impairments
in autistic individuals. Researchers have attempted to find
a speech marker for ASD that could be used as an objec-
tive and reliable supplement to current diagnostic efforts.
However, such attempts have, to this point, been largely
unsuccessful (e.g., Dahlgren et al., 2018; Fusaroli et al.,
2017). Our preliminary findings suggest that articulatory
precision may be a key speech marker for ASD, either
individually or (more likely) in combination with other
speech features, and further investigation in this area is
warranted. Additionally, although we did not collect any
additional measures of speech within this study, future
studies could compare articulatory precision to current
standardized articulation assessments to better understand
the relationship between acoustic and perceptual articula-
tory measures within this population. Beyond diagnostics,
investigating the relationship between measures of articu-
latory precision and listener ratings of diagnostic severity,
oddness, and likability could indicate if lower precision
contributes to the negative listener impressions of speech
in this population (Bone et al., 2015; Grossman, 2015;
Redford et al., 2018). Research could next examine con-
texts in which autistic individuals are able to tune up their
articulatory precision. For instance, preliminary research
has shown that autistic individuals decrease speech sound
errors in response to a three-dimensional virtual tutor
(Chen et al., 2019) and ultrasound visual biofeedback
(Cleland et al., 2019). Therefore, treatment may employ
similar methods to increase overall articulatory precision,
which may be efficacious in improving conversational
outcomes.

Conclusions

In summary, this preliminary study investigated how
an objective fine-grained metric of articulatory precision is
influenced by the presence of ASD in both childhood and

1422 Journal of Speech, Language, and Hearing Research o Vol. 65 ¢ 1416-1425  April 2022

Downloaded from: https://pubs.asha.org 73.65.191.32 on 04/05/2022, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



adulthood. The results supported our hypothesis that both
autistic children and adults would be less precise than
their neurotypical peers. Given the current lack of speech
markers for this clinical population and the importance of
speech quality in the social integration of autistic individ-
uals, our results advance articulatory precision as a viable
and important target for future research.
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