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Abstract

The purpose of this paper was to review best-practice methods of collecting and analyzing speech
production data from minimally verbal autistic speakers. Data on speech production data in
minimally verbal individuals are valuable for a variety of purposes, including phenotyping, clinical
assessment, and treatment monitoring. Both perceptual (“by ear”) and acoustic analyses of speech
can reveal subtle improvements as a result of therapy that may not be apparent when correct/
incorrect judgments are used. Key considerations for collecting and analyzing speech production
data from this population are reviewed. The definition of “minimally verbal” that is chosen will
vary depending on the specific hypotheses investigated, as will the stimuli to be collected and

the task(s) used to elicit them. Perceptual judgments are ecologically valid but subject to known
sources of bias; therefore, training and reliability procedures for perceptual analyses are addressed,
including guidelines on how to select vocalizations for inclusion or exclusion. Factors to consider
when recording and acoustically analyzing speech are also briefly discussed. In summary, the
tasks, stimuli, training methods, analysis type(s), and level of detail that yield the most reliable
data to answer the question should be selected. It is possible to obtain rich high-quality data even
from speakers with very little speech output. This information is useful not only for research but
also for clinical decision-making and progress monitoring.
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The past decade has seen a surge of interest in research on spoken communication in
children with neurodevelopmental disorders. This increase may not be surprising: speech
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disorders affect a high proportion of children with neurodevelopmental conditions. Indeed,
of the 302 genetic syndromes described in Shprintzen (1997), speech is disordered at least
some of the time in 235 syndromes (77.8%). One major challenge in conducting research

in this population, however, is that many children with neurodevelopmental disorders
produce very little spoken language. For example, up to approximately 33% of children
with autism spectrum disorder are minimally verbal. Many also experience significant
behavioral challenges that make speech and data collection difficult (Tager-Flusberg &
Kasari, 2013). Researchers have therefore begun to develop experimental paradigms for
conducting research with minimally verbal children with ASD, many of whom are also
intellectually disabled, that maximize both their comfort in the lab or clinic and the
likelihood of collecting high-quality data (Tager-Flusberg et al., 2017). This paper adds to
the discussion by reviewing a series of methods to use and decisions to make, based both on
experience and the extant literature, when collecting data to answer pressing questions about
speech performance in minimally verbal children with autism. These data can be collected
for research as well as for clinical applications such as assessment of the appropriateness of
augmentative and alternative communication (AAC) use or treatment progress monitoring.
The overarching goal of this article is to lay out best practices and guidelines for sampling
and assessing speech production data in minimally verbal children with autism. To that end,
it begins by reviewing how different definitions of minimally verbal may affect the study
population, then briefly discusses pediatric speech sound disorders (a common comorbidity
in minimally verbal children). Next comes a discussion of different stimuli and how to select
vocalizations for analysis. Finally, the paper addresses elicitation procedures and discusses
how to conduct both perceptual and acoustic analyses.

The importance of studying speech production in minimally verbal

populations

Why is it important to study speech production in children whose speech development

is severely limited? First, and foremost, these children provide a unique and valuable
perspective on speech development and speech production. Both their challenges and their
preserved abilities provide important information that can illuminate the neurology and
genetics of speech production. In addition, a deep understanding of verbal communication
profiles is important for improving communication therapy, even if the best therapeutic
choice is a non-speech augmentative and alternative communication (AAC) modality such as
manual sign or a picture- or text-based modality such as a speech-generating device.

Second, speech development is interlinked with language development; thus, understanding
how speech and language development are intertwined in children with concomitant
disorders of speech and language can lead to important insights into the neural and
behavioral bases of these challenges. For example, there are high rates of comorbidity
between developmental language disorders and speech disorders such as childhood apraxia
of speech (Chenausky et al., 2019, 2021; Tierney et al., 2015; Velleman & Strand, 1994).
Chenausky et al. (2019) found that speech-production ability accounted for approximately
33% of the variance in the number of different words produced during a spontaneous
language sample for low- and minimally-verbal children with autism and suspected
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childhood apraxia of speech and those with insufficient speech output to rate. This line

of research also offers hope that speech characteristics such as early consonant inventory
may act as predictors of later language outcomes (Yoder et al., 2015). Such insights can help
clinicians focus their energy in the most appropriate direction, such as early interventions
for increasing babbling frequency and diversity in children at risk for being minimally
verbal (Peter et al., 2019) and whether those interventions should include an augmentative
or alternative communication component (Millar et al., 2006; Schlosser & Wendt, 2008a,
2008b).

A third reason that a researcher may wish to assess speech in minimally verbal children is

to measure baseline skills and monitor progress during interventions designed to improve
spoken language production. Such studies include AAC intervention studies that use speech-
generating devices to aid the acquisition of spoken language (e.g., Alzrayer et al., 2021;
Kasari et al., 2014), treatments that directly address speech (e.g., Chenausky et al., 2016),

or multimodal interventions combining both AAC and speech treatment (e.g., Bishop et

al., 2020; Brady et al., 2015; Gevarter & Horan, 2019). In particular, measuring proximal
improvements in speech production ability can be especially useful when higher-level
outcome measures such as correct word production do not show changes in the short term, in
order to decide whether to maintain or change the course of intervention (Brady et al., 2021).

of minimally verbal

In general, the term minimally verbal refers to children whose communicative abilities are
severely limited as a result of speech impairment, language disorder, intellectual disability,
social cognitive ability, or a combination thereof (Chakrabarti, 2017); thus, the term applies
to individuals with a wide variety of skills. While language impairment is, by definition,
present in this group, scores on standardized tests of language ability and language variables
derived from natural language samples may span a wide range. For example, Chenausky

et al. (2019) examined a group of 54 minimally- and low-verbal children with autism,
ranging from participants who produced no speech at all to participants who produced

some multi-word phrases. Receptive vocabulary raw scores in the group ranged from 0

to 123 words recognized; number of different words produced during a language sample
ranged from 0 to 229. In terms of speech production, scores on the first two sections of

the Kaufman Speech Praxis Test (KSPT; Kaufman, 1995) ranged from 0 to 98% correct.
The liberal inclusion criterion in terms of verbal ability ensured that the sample would show
adequate variability to explore potential predictors of expressive vocabulary, which would
not have been possible with a more restricted range of number of different words. This
example illustrates the importance of selecting a definition of minimally verbal that serves
the purposes of the study.

Other definitions of minimally verbal include or are based on the number of functional
words that person uses by some measure (e.g., Kasari et al., 2008; Koegel et al., 2009, 2020;
Yoder & Stone, 2006). For example, Plesa-Skwerer et al. (2016) based their definition on
parent report: Children whose parents reported no consistent use of phrase speech and/or
production of fewer than 30 words or phrases were considered minimally verbal. Other
studies, such as Norrelgen et al. (2015), employed standardized instruments such as the
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Vineland Adaptive Behavior Scales (Sparrow et al., 2005); children who were reported to
use between three words and some two-word phrases and whose expressive language age
equivalent score was lower than 24 months were considered minimally verbal. These more
restrictive definitions of minimally verbal may be more appropriate for clinical purposes.

Note that while intellectual disability (defined as a nonverbal 1Q score lower than 70) is
common in the minimally-verbal population, it is not universal. Bal et al. (2016) report
rates of intellectual disability ranging from 85 to 98% in 257 children with autism over

age 6 and with mental age greater than 18 months, defined as minimally verbal by

different instruments. Rates of intellectual disability in the minimally verbal population vary
depending on which 1Q test is used. In the sample reported on in Chenausky et al. (2019),
mean nonverbal 1Q was 68 but ranged from 30 to 115. Half the sample (27) had nonverbal
1Q scores below 70, as measured using the Leiter International Performance Scale-Third
Edition (Leiter-3; Roid & Miller, 2013).

Bal et al. (2016) also found that across definitions, approximately half of the children
classified as minimally verbal showed verbal and nonverbal skills that were commensurate
with each other, while the other half showed higher nonverbal than verbal skills. In general,
these authors showed that more stringent definitions of minimally verbal selected for more
uniform, but more impaired, subgroups. For all of these reasons, the definition of minimally
verbal that is used for a particular project deserves careful consideration because it will
affect the composition of the sample. A relatively liberal criterion affords the opportunity
and statistical power to explore the factors that account for the variation in verbal ability.

A narrower criterion might be selected to reduce unwanted variability, for example, when
planning therapy or when studying factors that influence whether children transition from
being non- or preverbal to producing some spoken words.

Pediatric speech disorders

While it is not within the scope of this paper to discuss pediatric speech disorders in

detail, a brief summary is in order because of emerging evidence that many children

with autism and minimal verbal skills also experience comorbid speech disorders. The
American Speech-Language-Hearing Association (ASHA) divides speech disorders into
several categories (ASHA, n.d.). Functional speech-sound disorders have no known cause
and include articulation errors (such as substitutions of [w] for/r/) and ruled-based
phonological errors (such as final consonant deletion). In contrast, organic speech sound
disorders are those that result from neurological disorders (e.g., childhood apraxia of speech
and childhood dysarthria), structural abnormalities (e.g., cleft palate), or sensory disorders
(e.g., hearing impairment). In general, phonological disorders are considered linguistic;
articulation disorders, childhood apraxia of speech, and dysarthria are structural or motoric
in origin. In childhood apraxia of speech, the ability to plan or sequence the movements

for speech is impaired, while dysarthria is a disorder of motor execution. Resources for
identifying features of childhood dysarthria are scarce and generally concern speech features
associated with specific conditions rather than features independent of etiology. luzzini-
Seigel et al. (2022), however, have produced a tutorial to aid clinicians and researchers

in this challenging task. In addition, van Mourik et al. (1997) and Morgan and Liégeois
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(2010) discuss characteristics of different dysarthrias in children, while Haas et al. (2021)
document how auditory-perceptual aspects of the speech of children with dysarthria change
with development. Lists of common developmental phonological processes may be found in
Rvachew and Brosseau-Lapré (2018). Another helpful resource is the list of phonological
processes in the Khan-Lewis Phonological Analysis test (Khan & Lewis, 2015).

Because childhood apraxia of speech has been identified as occurring more frequently

in children with neurodevelopmental disorders, including autism, than in the general
population (Baylis & Shriberg, 2018; Chenausky et al., 2019; Fedorenko et al., 2016;

Mei et al., 2018; Morgan et al., 2021; Raca et al., 2013; Shriberg, 2008, Shriberg et al.,
2011, Shriberg, Strand, et al., 2019), this disorder is briefly discussed in more detail. The
core impairment in childhood apraxia of speech is in planning speech movements in the
absence of neuromuscular deficits (American Speech-Language-Hearing Association, 2007).
This deficit results in speech that is imprecise, inconsistent, and frequently unintelligible.
Childhood apraxia of speech is diagnosed clinically by a speech-language pathologist with
specific expertise in pediatric motor speech disorders during a thorough speech-language
assessment. The speech-language pathologist identifies discriminative features that include,
but are not limited to, the three consensus criteria developed by ASHA: (a) lengthened and
disrupted coarticulatory transitions between speech sounds, (b) inappropriate prosody, and
(c) inconsistent errors (American Speech-Language-Hearing Association, 2007).

Several researchers have presented more detailed lists of features by which childhood
apraxia of speech may be identified (Fedorenko et al., 2016; luzzini-Seigel et al., 2015;
Shriberg et al., 2017). The list of features by luzzini-Seigel et al. includes operationalized
definitions of each feature, which is particularly useful for research purposes (Chenausky
etal., 2019, 2020, 2021). Strand and McCauley (2019) describe a diagnostic protocol more
focused on clinical applications, including testing for stimulability (the degree to which
clinician scaffolding can help a child achieve correct speech production).

Choice of speaking tasks and stimuli

Several sources can be used to gather speech data from minimally-verbal children, including
(a) natural language samples, (b) word repetition tasks, and (c) nonword repetition tasks.
Additionally, (d) nonspeech oral motor tasks and (€) parent questionnaires can be used to
assess the degree of oral praxis problems in this population.

Natural language samples

Natural language samples, which are recordings of participants’ spontaneous language
production, possess several advantages over the use of standardized testing or parent report
for assessing speech performance. First, they can be administered to any participant, even

in heterogeneous samples. This distinguishes them from standardized tests, which are
appropriate only for participants within certain age ranges, may be normed on samples that
do not include children with autism, and may show floor effects for many minimally verbal
children with autism. In addition, natural language samples are not subject to practice effects
and so can be administered multiple times as probes during a course of treatment. Measures
derived from language samples are more ecologically valid than standardized test scores
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and may also be more sensitive to change over the course of a therapeutic trial (Barokova
& Tager-Flusberg, 2020). For example, frequency or accuracy of the use of a personalized
target word selected for an individual child’s therapy program can be ascertained from a
natural language sample but not a standardized test. Natural language samples can also
reveal improvements in volubility that would not be revealed by standardized tests.

A variety of natural language sample formats can be employed. Parent-child interaction,
where a caregiver and child play with a standard set of toys, is commonly used in studies of
infants and toddlers. Soft toys that make no noise are preferred for speech samples because
they will not obscure as many utterances but they are also generally less interesting to play
with. Stoel-Gammon (1987, 1989) proposed that connected speech samples consisting of at
least 50 speechlike utterances are not only adequate for speech analyses but also constitute
a more valid sample of a child’s phonological abilities than single-word naming tasks.
Binger et al. (2016) show that reliable expressive language and comprehensibility measures,
such as mean length of utterance (in words), mean syllables per utterance, and proportion
of comprehensible words, can be extracted from language samples even when children’s
speech is significantly impaired. The Autism Diagnostic Observation Schedule (ADOS;
Lord et al., 2012), the gold standard instrument for autism diagnosis, can also double as

a language sample and has the advantage of helping minimize demands on the child and
family by serving two purposes. The Adapted ADOS (Bal et al., 2020) is appropriate

for minimally verbal individuals over the age of 12. Barokova and Tager-Flusberg (2020)
provide guidelines for the use of language sampling in children with autism. They show
that data derived from natural language samples can show change over time and that these
samples possess other important psychometric properties. Barokova et al. (2020) describe a
protocol and fidelity process for obtaining natural language samples from minimally verbal
children and adolescents with autism. Broome et al. (2017) propose a set of best-practice
clinical and research guidelines for assessing speech in children with autism, including
prelinguistic speakers.

Speech imitation tasks

Despite their convenience and clinical utility, there are also some challenges associated

with using natural language samples as speech, rather than language, samples. For example,
children may be less likely to produce later-developing phonemes such as /3/,/dz/, or /§/
spontaneously than in imitation tasks. Furthermore, many minimally verbal children produce
little to no spontaneous speech, or they may produce only unintelligible utterances so that
accuracy compared to a target cannot be evaluated; therefore, word- or nonword repetition
tasks are another possible data source. These tasks involve prompting the child to repeat
aword (e.g., “bye” or “mommy”) or a nonword (e.g., “pipo”) after the examiner. They

have the advantage of assessing a child’s ability to at least attempt phonemes, phoneme
combinations, or syllable structures that do not appear in their spontaneous speech. A child’s
stimulability can also be assessed during repetition tasks by providing forms of assistance
such as unison production or touch cues on successive attempts.

Imitation even of single syllables thus has potential as a valuable data source for minimally
verbal children with autism. For example, a protocol in which children are prompted to
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imitate syllables representing the corner vowels of English (/bi/, /bae/, /bul/, /ba/) as well as
syllables including a variety of manners of articulation (/lbA/, ImA/, IpAl, IwWA/) can provide
information about how well the child is able to produce distinct vowels that require different
tongue and lip positions; how well they are able to produce the finely graded lip and jaw
movements required to distinguish stops from glides; and, if multiple opportunities are
provided, the child’s ability to consistently achieve a target over several attempts. Stimuli
longer than one syllable will necessarily be more difficult for many minimally verbal
children with autism, who may produce even two-syllable stimuli one syllable at a time.
Insertion of an inappropriate pause between syllables of a word, referred to as sy/fable
segregation, is common in this population (Chenausky et al., 2020) but can only be revealed
by presenting stimuli that are bisyllabic or longer. The level of difficulty of stimuli should,
therefore, be carefully titrated so as to probe the speech features of interest while not unduly
frustrating the participants.

Nonspeech oral tasks

As with multisyllabic stimuli, most tests of nonspeech oral motor function will involve
tasks that may be too challenging for many minimally verbal children with autism. Note
that receptive language ability, which varies widely in this population, will also affect
participants’ ability to comprehend task instructions; thus, commonly used maximum
performance tasks such as “repeat the syllable ‘pa’ as quickly and accurately as you can

on one breath” are not feasible for many children with limited language comprehension

or speech production ability. Some researchers and clinicians, however, have created
adaptations of nonspeech oral motor tasks that are more tractable for young children and

for children with limited speech sound repertoires. Rupela et al. (2016) describe the use of
such a test, the Language-Neutral Assessment of Motor Speech in Young Children (LAMS),
in seven preschool and young school-aged children with Down syndrome. Four of the
children were able to repeat the syllable “pa” four times in the context of a play-based

task involving a doll representing a father (“papa”). Chenausky et al. (2019) employed the
first section of the KSPT, which includes nonspeech oral motor tasks such as opening the
mouth or lateralizing the tongue. Of the 11 items in this section of the KSPT, on average
participants were able to correctly perform seven of them (SD = 3.6, range: 0-11). These
findings indicate that nonspeech oral motor imitation tasks such as those found in the LAMS
or KSPT are feasible for minimally verbal children and can potentially reveal the extent to
which these children experience comorbid oral apraxia.

Deciding what speech behaviors to analyze

A fundamental question that arises when collecting speech data from minimally verbal
children is what should count as data? The answer is usually taken for granted when
working with typical speakers who produce relatively accurate speech and few or no
nonspeech vocalizations but is more complex when dealing with children whose speech
is both developing and disordered and who often produce vocalizations that are off-target.
There are several factors to consider when deciding what vocalizations to include in

a data set, one of which is how speechlike the child’s vocal attempts are. Children

with or at risk for autism, for example, produce higher rates of nonspeechlike or
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nontranscribable vocalizations than typically developing children (Plumb & Wetherby, 2013;
Schoen et al., 2011; Sheinkopf et al., 2000). These vocalizations are not always considered
communicative, though they may provide information about the physiologic constraints over
articulator control, just as aspects of repetitive limb movement such as speed or variability
can provide information about later motor development (Kanemaru et al., 2013). While
previous research has largely focused on more speechlike vocalizations, the logic being

that these are more indicative of a child’s ability to develop spoken language, more recent
research has begun to address whether less speechlike vocalizations (e.g., moans, squeals)
from minimally verbal individuals also possess communicative value (Narain, Johnson,
Ferguson et al., 2020a; Narain, Johnson, O’Brien et al., 2020b).

Similarly, the stereotyped or repetitive vocalizations that minimally verbal children with
autism frequently produce have been the focus of clinical research focused on improving
spoken language in these children (Blanc, 2012; Steigler, 2015). These vocalizations, also
referred to as echolalia or scripting, take the form of immediate or delayed repetition

of words or phrases, sometimes clearly articulated and resembling productive language,
but sometimes unintelligible and resembling infant babble. Immediate echolalia can be an
appropriate response to a speech repetition task, but problems may arise when an examiner
suspects that a child’s response to a prompt is delayed echolalia; that is, the child is
producing a self-stimulatory or scripted vocalization rather than attempting the target. This
impression generally arises when the phonetic form of the child’s vocalization does not
resemble the target or when the child produces the same vocalization repeatedly. Accuracy
alone, however, cannot be a criterion on which to judge whether a child’s production is an
attempt at responding because motor speech disorders such as childhood apraxia of speech
are associated with distorted or inconsistent productions of stimuli and perseveration is not
uncommon (American Speech-Language-Hearing Association, 2007).

The decision about whether to include repetitive vocalizations as data depends on the
study’s aims. For example, if the goal is to assess a child’s ability to repeat a particular
word on request or to use it in a socially appropriate communicative manner, then the
researcher may want to exclude repetitive vocalizations. On the other hand, if the goal is to
collect information about a child’s independent phonemic inventory, repetitive vocalizations
may provide useful information about their articulation skills. To minimize examiner bias
in selecting vocalizations for analysis, two main options are available. One is simply to
accept any vocalization as an attempt at a speech target. If vocalizations are scored as
correct or coded in some way, scores for vocalizations (even repetitive ones) that do not
match the target will be the same as scores for no-response trials (e.g., incorrect or 0);
therefore, the risk of false negatives (missing a vocalization that was in fact a response to
the prompt) is essentially nil. Counting a repetitive vocalization as a response may raise the
chance of a false positive, but exact matches will be rare and will depend heavily on what
aspect of the vocalization is being scored or coded. The other option is to create inclusion
and exclusion criteria for the vocalizations that will count as data, code them as such,

and employ traditional perceptual analysis techniques such as coder training, consensus or
independent judgment, and inter-rater reliability measurement (discussed in more detail in
the section that follows) to optimize the quality of the data.
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Take the example of an intervention study testing a therapy whose aim is to increase the
number of different consonants a child produces correctly during a word imitation task.

If some proportion of the child’s responses to prompts are not clearly imitations of the
words but are repetitive vocalizations like “digadigadiga”, one option would be to assume
that these vocalizations do not constitute attempts at the target and to exclude them from
analysis. In this case, raters should train to reliability on identifying the responses that
will be counted and then analyze only those utterances. On the other hand, the researcher
may choose to accept any vocalization from the child as an attempt at the target. If the
rate of repetitive vocalizations is similar at baseline and post-treatment, the chance of

one inadvertently being counted as an intentional response to a prompt is essentially the
same at both timepoints; therefore, even if some repetitive vocalizations are counted as
responses both pre- and post-treatment, this option will not inflate participants’ change
scores. Another strategy for minimizing the risk of classifying repetitive vocalizations as
responses to prompts is to offer the child multiple opportunities to produce the target and
select the best token to be scored, however, that is defined in the context of the study (e.g.,
the token closest to the target by some measure of phonetic accuracy). Of course, in live
situations such as during a treatment session, an immediate decision about whether a child’s
production is accurate enough to reach a criterion may be needed. In this case, assessors
must use their best judgment.

Procedures for optimizing participant performance

Tager-Flusberg et al. (2017) detail a series of methods that can help minimally verbal
children with autism perform to the best of their ability on standardized tests and
electroencephalography experiments. Three important principles are to communicate to
participants what is to happen as clearly as possible, to allow them to move at their own
speed, and to provide positive reinforcement for the desired behavior. A visual schedule

is useful for explaining to participants what will happen and when. The activities should

be explained simply. For example, using first/then language (i.e., saying “first work,

then break” while pointing to relevant images) is helpful for many children. Even if a
participant’s language comprehension is low, employing a calm, positive tone will help them
feel comfortable.

During the activity, best performance can be encouraged by providing intermittent positive
reinforcement. Encouragement, praise, and a compassionate demeanor are important
because speaking is very challenging for these children. If needed, the number of trials

or tasks left can be indicated visually, for example, by use of a visual countdown board that
helps participants keep track of items that remain to be completed (Schlosser et al., 2013).
After a specified number of items (say, five) has been completed, the participant will receive
a reward. Rewards can take the form of a break from adult attention, time with a preferred
toy or other object (as long as it does not become a focus of obsession and interfere with the
participant’s performance), or a preferred snack.

Moving at a participant’s pace means providing breaks and reinforcement as needed for the
participant to complete the tasks expeditiously but not hurriedly, and it also means allowing
them adequate time to respond to adult prompts. Children with neurodevelopmental
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disorders may have more variable response latencies than typically developing children.
Negative latencies (when the child begins producing their response before the adult has
finished) may occur in the responses of children with childhood apraxia of speech. These
children may be unconsciously attempting unison production with the adult to facilitate
their own speech production (Strand et al., 2006). Large positive latencies (when the child
begins producing their response only after a long delay) may be common in children

with intellectual disability, who may simply require time to formulate motor or cognitive
responses (Johnson & Parker, 2013). Good general practice is to allow the child adequate
time to respond without overwhelming them with commands and to quickly stop speaking
when the child does respond so as not to obscure the data on audio recordings.

Analysis types

Speech data can be analyzed perceptually (i.e., by ear), acoustically (through the use of
computerized tools), or by a combination of methods. Perceptual analyses are by far the
more common and are appropriate for gathering phoneme-, word-, or word-approximation-
level information. Acoustic analyses are more fine-grained and provide information that

is not perceptible to the ear but may reveal subtle changes in production. On the other
hand, acoustic measures are often less directly clinically interpretable. When combined,
however, acoustic and perceptual data can lead to useful and important findings. For
example, Macken and Barton (1980) studied the acquisition of the voiced and voiceless stop
consonant distinction (e.g., /b/ vs. /p/) in typically developing children. They demonstrated
that children begin at a stage in which their attempts at both targets are perceptually and
acoustically indistinguishable, then move to one in which their attempts at /b/ and /p/ sound
the same (like [b]) but are differentiable acoustically. Finally, they progress to a stage at
which they are able to produce /b/s and /p/s that are both perceptually and acoustically
distinct. Identification of the intermediate stage, called a covert contrast, may be especially
important for minimally verbal children with autism, who often appear to make little
progress toward higher-level measures of accuracy over the course of treatment. If even
sub-perceptual progress can be identified, clinicians can have more confidence that the
course of treatment is an effective one.

Considerations for performing perceptual analyses

Perceptual analyses of speech, including phonetic transcriptions, are ecologically valid and
provide valuable information about a speaker’s speech behaviors. A common initial step in
perceptual analysis is to transcribe a child’s speech so as to create a record of the relevant
aspects of what the child produced. This transcription can then be used for subsequent
analyses without the need to reanalyze the original audio. It is therefore important that these
transcriptions be valid and accurate. Like any tool, they are subject to certain kinds of error
(Kent, 1996). The intent here is not to detail all the challenges with perceptual analyses and
phonetic transcriptions, but rather to briefly discuss major issues and point readers toward
other useful references. Issues to consider include appropriate coder training, what tools are
available to help with analyses, and the level of detail and scoring method to be used.
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Training in transcription and coding

For creating high-quality phonetic transcriptions of disordered and/or developing speech,

a basic course in phonetics and advanced training in transcription of disordered

speech is recommended. Ladefoged and Johnson (2015) is a good introduction to

basic phonetics, including transcription using the International Phonetic Alphabet (IPA).
Shriberg, Kent et al. (2019) provide instruction and practice in transcribing both
disordered and developing speech. There are fewer resources available for identifying
signs of motor speech disorder such as childhood apraxia of speech or childhood
dysarthria in children’s speech, but the Dynamic Evaluation of Motor Speech Skills test
(DEMSS; Strand & McCauley, 2019) includes training videos for identifying signs of
childhood apraxia of speech. Organizations such as Medbridge (www.medbridge.com) and
SpeechPathology.com (www.speechpathology.com) offer subscription-based online courses
on differential diagnosis of pediatric speech disorders that may be useful.

Transcription and coding tools

Phonetic transcriptions are generally made using pen and paper then typed into an electronic
document; this is often fastest for the experienced transcriber. Miiller (2006) describes
extensions to the International Phonological Alphabet for use in disordered speech and
discusses methods for transcribing other aspects of spoken language production, such as
stress/intonation and voice quality. Electronic tools exist as well. An easy-to-install phonetic
font, Doulos SIL, is available for free online (software.sil.org/doulos). A “typewriter”-based
phonetic transcription system such as Klattese (Vitevitch & Luce, 2004) or ARPABet
(https://nlp.stanford.edu/courses/Isa352/arpabet.html) may also be used. Tools such as LIPP
(Logical International Phonetics Programs; http://www.ihsys.com/site/LIPP.asp?tab=4) and
Phon (www.phon.ca) permit automated analyses of transcriptions and are available online
for pay or free, respectively. Another free tool, PEPPER (Programs to Examine Phonetic and
Phonologic Evaluation Records), is available online (https://phonology.waisman.wisc.edu/
about-pepper/) and is a comprehensive software program that aids clinicians and researchers
in selecting and administering speech tasks, performing transcriptions, achieving agreement,
and performing a number of analyses on the resulting data. It includes analyses of speech,
prosody, and voice variables and the ability to print graphs documenting treatment progress.
Further information appears in Shriberg, Kent, et al. (2019).

Level of detail in transcriptions

The level of detail to include in transcriptions is another issue to consider. In general,

the tradeoff is between level of detail and ease of achieving reliability. The narrower the
transcription, the more information there is about what the speaker is doing but the harder
it will be to achieve intra- and inter-rater reliability (Shriberg & Lof, 1991). The Child
Speech Disorder Research Network has published a set of guidelines for producing hand
transcriptions (Cleland et al., 2017), including a helpful decision tree for deciding what
level of detail to employ. In addition, their good practice guidelines include examples

of perceptually-based phonological analyses that are in common use clinically (Bates

& Titterington, 2017). Stemberger and Bernhardt (2020) also provide a brief tutorial in
transcription of child speech.
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Minimizing bias in transcriptions
More than one rater or transcriber should be employed to minimize bias. Training in
identifying the perceptual dimension to be coded is necessary to ensure that raters are
consistent with each other; this applies whether the goal is phonetic transcription or coding
for other perceptual features such as signs of childhood apraxia of speech. Statistics for
evaluating reliability vary depending on the measure used. Percent reliability, which captures
the proportion of items rated by different judges that were judged the same, was formerly
common but is being replaced by measures which take into account chance agreement, such
as Cohen’s x and intra-class coefficients (ICCs) (Chenausky et al., 2020; luzzini-Seigel
et al., 2017). The overview and tutorial on inter-rater reliability in Hallgren (2012) is a
good general introduction to the subject. Koo and Li (2016) provide useful guidelines and a
flowchart for selecting the correct ICC model for a particular research question.

Achieving reliability on transcriptions and codes

Challenges to achieving reliability on transcriptions include how to assign equivalences
between different transcriptions and how to tally errors in children’s speech. If reliability

on phonetic transcriptions per se is the goal, Oller and Ramsdell (2006) recommend the

use of a weighted reliability measure that takes into account instances where there is not

an absolute match between two transcriptions, such as when one transcriber may indicate

lip rounding on the initial nasal consonant in “mommy” using a diacritic ([.]), while
another may indicate it by inserting a “w” between the first two phonemes ([mwami]). The
method proposed by Oller and Ramsdell weights discrepancies according to established
phonological principles, so that transcriptions that phonologically similar to each other (as in
the example above) are weighted differently than those that are phonologically discrepant.

There is no commonly accepted criterion level of agreement for transcription of disordered
or developing speech, and figures reported in the literature span a wide range. Agreement
of 85% or greater on point-to-point transcriptions (Pye et al., 1988) is a worthwhile if
ambitious goal. Shriberg and Lof (1991) report a range of 20%-100% agreement on
transcription of speech samples from typical and disordered speakers, depending on how the
samples were obtained and how reliability was assessed. In their landmark study of infant
babbles, Davis and MacNeilage (1995) report a mean percent reliability of approximately
45% (range: 33%-69%) for vowel transcription; for consonants, mean percent reliability
was approximately 77% (range: 63%-83%). More recently, Oller and Ramsdell (2006)
report a mean percent reliability of 21% (range: 0%-59%) across phonemes, which
increases to a mean of 60% (range: 33%—-85%) with weighting, on transcriptions of infant
babbles.

Because of the challenges of achieving reliability on transcriptions themselves, it is
generally advisable to aim for reliability on the specific aspect of the transcription that

is germane to the research question. For example, was the token produced correctly or not?
Was a certain feature present in the token? Researchers should aim to achieve reliability on
the same variable that will be used in their analysis. This approach has the advantages of
being (a) less labor intensive, (b) able to focus effort on the specific level of analysis that
will matter to the statistics, and (c) easier to achieve high reliability. Rvachew et al. (2002)

Augment Altern Commun. Author manuscript; available in PMC 2024 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenausky et al.

Page 13

demonstrate that such coding of infant vocalizations can result in inter-rater reliability
figures of at least 80% and Cohen’s x values of at least 0.733 — higher values than those

for phonetic transcriptions. The Weighted Speech Sound Accuracy measure developed by
Preston et al. (2011) adapts the weighted reliability measure of Oller and Ramsdell (2006) to
scoring children’s productions of known targets, when documenting accuracy is the goal.

An alternative to transcription-based analyses is to use visual analog scales for rating
children’s speech productions. Listeners using these scales are presented with a display
consisting of a line whose endpoints represent the extremes of the dimension to be

rated (e.g., 0-100% intelligible) and are asked to indicate on the line where they believe

the child’s production to fall. These ratings can be generated using special software to
automatically measure the location the listener has chosen, but a pencil-and-paper version,
where listeners make a tick mark on a line of known length, can be just as useful. In

this case the distance between one endpoint and the tick mark would constitute the score.
Munson et al. (2012) showed that both of these methods are reliable and sensitive enough to
indicate change over time in the speech of children receiving speech treatment.

A final issue concerns the method used to achieve reliability or to create the transcription
of record (i.e., the “official” transcription of the child’s utterance that will then be used in
analyses going forward). Transcribers typically receive accuracy training prior to analyzing
data and estimating transcription reliability. The most commonly used method is for new
transcribers to train to a criterion level of reliability on an already-transcribed set of
recordings that is similar to the one being investigated but which will not be used for

the research question. Then, two or more transcribers independently transcribe a subset

of the recordings (generally at least 10%) that will be used for the research question.
Reliability is calculated from these independent transcriptions. Once an acceptable level

of reliability has been achieved (after repeating the previous steps if necessary to achieve
adequate agreement), one transcriber can then transcribe the remainder of the recordings.
This method is relatively efficient but incorporates only one listener’s judgments going
forward. Consensus methods of transcription and the use of average scores reduce this

type of bias by incorporating information from more than one transcriber, but they are
more time- and labor intensive because the entire data set must be transcribed by multiple
listeners. Finally, decisions about how to handle utterances on which consensus was difficult
or impossible can introduce other sources of bias into the study. To address these problems,
Shriberg et al. (1984) provide a set of procedures for generating consensus transcriptions,
many of which are useful when consensus-coding utterances as well.

Considerations for performing acoustic analyses

It is not within the scope of this article to provide an indepth tutorial on how to obtain
high-quality audio recordings or make acoustic measurements. Vogel and Maruff (2008),
however, compare commonly available methods of acquiring acoustic data against industry-
standard methods and equipment, showing that many measures, especially those involving
time-domain measurements such as those used on the /b/ and /p/ tokens in Macken and
Barton (1980), can be accurately extracted even with consumer laptop computers. Though
Vogel and Maruff used adult speakers who could maintain a constant distance from
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the microphone, time-domain measurements like Macken and Barton’s can be robustly
measured from audio recordings made without constraining mouth-to-microphone distance.
In Chenausky and Tager Flusberg (2017), for instance, between-judge measurement
reliability of voice onset time (a main acoustic difference between /b/ and /p/) from audio
files of ADOS assessments, where children are free to move about the room, was high
(Pearson’s r0.902, p< 0.05) and mean difference in voice onset time between judges was
0.6 ms, compared to 6 ms (Macken & Barton, 1980) and 2.1 ms (Hitchcock & Koenig,
2013) in other studies.

Another aspect of speech that has been measured in typically-developing populations is
vowel formants, or the resonant frequencies of the vocal tract that make/ i /sound different
from /a/, for example (Morperian & Kent, 2007). Formant frequency measurements have
been used to document the degree to which children are able to make phonetic distinctions
between vowels, and these distinctions have been shown to be reduced and related to
reduced intelligibility in children with dysarthria (Allison et al., 2017; Higgins & Hodge,
2002). Several free acoustic analysis programs are available that include automatic formant
measurement capabilities: Praat (Boersma & Weenink, 2010), TF32 (Milenkovic, 2010),
and Wavesurfer (Sjolander & Beskow, 2019). Derdemezis et al. (2016) compared formant
values from each of these programs, measured in the speech of children with Down
syndrome, to values from manual measurement obtained via a consensus analysis procedure,
and described how to optimize parameter settings in each one to maximize measurement
accuracy for children’s speech. Kent et al. (2010) also provide valuable suggestions on

how to improve or maximize acoustic analyses of children’s speech. Note that special
considerations apply to audio recordings made over the internet because the file formats
employed by many video conferencing programs reduce data quality. See Zhang et al.
(2021) for details regarding remote recording and analysis of speech data. Finally, a
normalization procedure must be employed when comparing vowel formants across children
of different ages because vocal tract size (which increases with age) affects formant values.
Fourakis et al. (1993) document one such normalization procedure.

Discussion

This paper describes a series of methods and considerations for collecting and analyzing
speech data from minimally verbal children with autism for both research and clinical
purposes. Those purposes include phenotyping in neurodevelopmental disorders, testing
speech treatment efficacy, and determining the efficacy of augmentative or alternative
communication approaches for increasing spoken language production. Careful perceptual
and acoustic analyses of the speech of children with minimal verbal skills can reveal details
about potential responses to therapies that simple correct/incorrect judgements of whole
words cannot.

Choosing a definition of minimally verbal that will allow for appropriate quantitative
variation in performance on the variables of interest, while controlling for comorbidities

that might introduce unwanted variation in a cohort, is an important initial step. Selection of
task and stimuli is equally important. Natural language samples have high ecological validity
but may not result in much data from children with extremely limited vocal output. Speech
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and nonspeech repetition tasks can yield much useful information for children who do not
produce much spontaneous speech.

The data analysis method should also be selected with care and consideration of both levels
of detail and reliability needed and time and cost. In general, finer levels of detail, such

as those associated with narrow phonetic transcription, make it harder to achieve adequate
levels of reliability. Yet, simple, time-efficient measures such as visual analog scale ratings
obtained from children’s responses on standardized tests or other tasks also show very high
correlation with more detailed measures such as percent phonemes correct and can yield rich
data that is adequate for many clinical applications.

Making a principled decision about what kinds of vocalizations to include or exclude to
answer a specific clinical or research question is important for obtaining clean data. So is
employing assessment techniques that involve clear communication about task requirements
that is appropriate to a child’s comprehension level, combined with positive reinforcement
for desired behaviors and respect for a child’s pace and limits.

Both perceptual and acoustic analyses of speech yield rich and detailed information.
Perceptual analyses are more ecologically valid and more common clinically but are

subject to known sources of bias that should be controlled for by the use of multiple

raters. Adequate training in transcription and identification of the desired aspects of

speech production will yield the highest reliability. Acoustic analyses of speech production
complement perceptual analyses but are likely more useful for research purposes, rather
than clinical applications. When performing acoustic analyses, careful attention to recording
environment, audio equipment and file formats will yield the highest-quality data.

Perhaps the most important take-away is to identify the level of detail for one’s clinical or
research purposes and select the tasks, stimuli, training methods, and analyses that yield the
most reliable data to answer the questions. Even children who produce very little speech are
capable of showing us a wide range of communicative behaviors that are important not only
for tracking progress in therapy but also selecting a communication modality (e.g., speech,
sign, picture) that allows them to make their needs and wants known and at the same time
maximizes their ability to acquire as much receptive and expressive language as possible.

This work was supported by National Institute of Deafness and Other Communication Disorders under [NIH P50
DC 018006 (PI HTF, also supporting KVC, JRG, and MM), K24 DC 016312 (Pl JRG), and R00 DC 017490 (PI
KVC)].
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